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List of Abbreviations
COM 

- College of Medicine

COMREC 
- College of Medicine Research Ethics Committee 
DHO 

– District Health Office
EEG

- Electroencephalogram

HbA1C 

– Glycated Haemoglobin A1C

MLW 

– Malawi-Liverpool-Wellcome Trust Programme

MHRA 

– Medicine Health and Regulatory Authority

MOYO 

- Malnutrition ward of Queen Elizabeth Central Hospital

OGTT 

– Oral Glucose Tolerance Test

SAM 

– Severe Acute Malnutrition

SOP 

– Standard Operating Procedure
QECH 

– Queen Elizabeth Central Hospital, Blantyre, Malawi
Executive summary

Type of research study
This study is a cross-sectional follow-up of an existing cohort of adolescents/young adults who suffered from severe malnutrition as children. 

The problem
Childhood malnutrition is widespread in Malawi and has health impacts which are often life long 
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1

. Severe wasting in childhood is particularly deadly  HYPERLINK \l "_ENREF_1" \o "Briend, 2016 #8951" 


 ADDIN EN.CITE 
, and the ‘double burden of malnutrition’ (undernutrition of nutritionally rich foods and oversupply of foods with low nutritional value) is being increasingly recognised as a major health problem globally 7

. However, mental health and behavioural outcomes in severe malnutrition have been poorly researched thus far.
Objectives
Our main objective is to investigate factors that influence the medium- and long-term health outcomes of children with severe childhood malnutrition.
We aim:
1. To quantify the long-term survival after discharge from treatment for severe childhood malnutrition in comparison to controls
2. To measure long-term growth and body composition following severe childhood malnutrition
3. To measure the prevalence of early markers of chronic cardiovascular or metabolic disease in those previously treated for severe childhood malnutrition in comparison to controls 
4. To measure the effect of severe childhood malnutrition on cognition, behaviour and mental health
5. To explore predictors of favourable or adverse long-term health outcomes 
The results from this study will provide new information which will: 

i) inform long-term disease burden estimates for severe malnutrition and account for under researched health outcomes (e.g. mental health and behaviour). 
ii) inform health policy and resource allocation for the care of malnourished children and for long-term health needs of survivors in similar settings.  
Methods
We will follow-up an existing cohort of 320 Malawian adolescents and young adults who previously suffered from severe malnutrition in childhood (ChroSAM study cohort) 
We will commence recruitment of participants in mid-2021 and will pilot our data collection tools before full rollout. We anticipate recruitment will take one year to complete. We will use experienced research nurses and established infrastructure at MLW to minimise loss to follow-up. We will recruit additional community controls in the case of high loss to follow-up to improve power and age-matching.
Expected findings and dissemination
We expect to find differences between cases, siblings and community controls in a number of the outcomes we are investigating. We expect some of the differences in this group to be explained by severe malnutrition in childhood, socioeconomic factors and other comorbidities. 

After completion of the study in mid-2022 we will complete our analysis and will disseminate results to stakeholders in Malawi including those based at  QECH and to COMREC, and at international conferences. Ultimately, we will  publish our results in open-access journals to share our results widely.

Background 
Malnutrition disease burden and long-term health outcomes
Malnutrition is widespread in Malawi and throughout sub-Saharan Africa causing significant morbidity and mortality in children 


1

. Severe childhood malnutrition drastically increases the risk of death in the short-term and impairs growth and development which has health impacts into later life 
 ADDIN EN.CITE 
1,2,6
. The ‘double burden of malnutrition’ (undernutrition of nutritionally rich foods and oversupply of foods with low nutritional value) is also being increasingly recognised as a major health problem in individuals and across populations in these settings 
Current treatment programmes focus on the urgent challenge of preventing acute complications and death from severe childhood malnutrition. Whilst understandable, this approach is also likely to miss important opportunities to improve long-term outcomes. Malnutrition treatment strategies must look beyond short-term issues alone and an improved evidence base on health outcomes later in life is therefore essential. 

Risk of cardiovascular and metabolic disease 

Severe malnutrition in childhood can arrest growth, impair organ development and result in persisting problems which may increase the risk of non-communicable diseases.  Current nutritional programmes encourage rapid high calorie feeding for children following an episode of severe malnutrition. It is thought the type and speed of nutritional therapy given to malnourished children, as well as exposure to poor dietary environments later in life, may increase subsequent cardiovascular and metabolic disease risk 



8

. For example, metabolic dysfunction in those previously exposed to factors such as low birth weight and malnutrition may only become evident after a glucose challenge. Previous research has found evidence of impaired glucose tolerance in adult survivors of severe childhood malnutrition and increased central adiposity (linked to higher risk of metabolic and cardiovascular disease) 


 ADDIN EN.CITE 


4

. The ‘capacity-load’ model, suggests this increased risk becomes evident when the body is physiologically stressed  HYPERLINK \l "_ENREF_4" \o "Lelijveld, 2016 #4" 
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4,9
. 

Association of malnutrition with neurocognition, behaviour and mental health

Severe childhood malnutrition impairs cognitive development and is likely to predispose to poorer neurocognition, mental health and behavioural problems in later life 10

.
10

. There is an association between severe malnutrition and developmental delay in early childhood 
Adversity and poor household environment are linked to a higher risk of severe malnutrition. Malnutrition has also been linked to maltreatment in childhood 7

. 12

. However, mental health in relation to childhood malnutrition has also been poorly researched thus far 11

. Mental health and behavioural problems may also be more common in survivors due to these environmental factors, as well insults to the developing brain due to severe malnutrition 
Previous research – ChroSAM cohort

Few studies have followed up children with severe malnutrition into adolescence and early adulthood. The ChroSAM (Chronic Disease following Severe Acute Malnutrition) cohort was an exploratory study which recruited malnourished children admitted to Queen Elizabeth Central Hospital (QECH) in Blantyre, Malawi 
· catch-up ‘thrifty growth’ (potentially linked to higher cardiovascular and metabolic disease risk)

· altered body composition (higher central fat and lower lean mass) 
· higher rates of stunting
· weaker hand grip and poorer exercise capacity

The study however did not find any significant difference in lung function, lipid profile, glycated haemoglobin A1C (HbA1c), glucose tolerance & blood pressure between cases and controls. Differences in these outcomes may not have been evident yet due to the young age of participants given that adverse health outcomes in adult survivors of severe malnutrition have been seen in other settings 
Rationale

Our overarching research question is How does severe malnutrition in childhood affect physical and mental development and how persistent is this effect into later life?
Our proposed follow-up of a previously established cohort of survivors of severe childhood malnutrition aims to describe medium- and long-term health outcomes. We aim to:
i) Understand the long-term disease burden after severe childhood malnutrition and investigate under-researched health outcomes (such as behaviour and mental health)
ii) Inform policy and resource allocation discussions around treatment of childhood malnutrition
iii) Improve interventions for malnutrition and identify long-term care needs  for survivors
Objectives

Our main objective is to investigate factors that influence the medium- and long-term health outcomes of children with severe childhood malnutrition.
Specific Objectives
We will compare our cohort of ex-malnourished children to previously recruited age-matched sibling and community controls (with additional controls recruited if there is high loss to follow-up). We aim:

1. To quantify the longterm survival after discharge from treatment for severe childhood malnutrition in comparison to controls
2. To measure long-term growth and body composition following severe childhood malnutrition
3. To measure the prevalence of early markers of chronic cardiovascular or metabolic disease in those previously treated for severe childhood malnutrition in comparison to controls 
4. To measure the effect of severe childhood malnutrition on cognition, behaviour and mental health
5. To explore predictors of favourable or adverse long term health outcomes 
Methodology

Type and place of study
This is a longitudinal cohort study in Blantyre, Malawi which follows previous studies approved by COMREC including:

 - 2006, PRONUT study (P.03/04/236), which recruited the initial “MOYO 2006/7” cohort as part of the PRONUT study, for whom there is extensive baseline data
- 2013, ChroSAM study (P.02/13/1342), which followed up the cohort seven years after discharge and recruited sibling and community controls
- 2018, RAF6052 study (P.09/17/2281), which followed up a subset of the ChroSAM study
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PRONUT STUDY (COMREC APPROVAL NUMBER (P.03/04/236)) - COHORT BASELINE (2006/07): 

Between 12 July 2006 to 9 March 2007, 1024 patients admitted to the MOYO nutrition ward, QECH, Blantyre, Malawi, were enrolled into a baseline cohort study as part of the PRONUT study 
FuSAM STUDY (COMREC APPROVAL NUMBER (P.03/04/236)) - ONE YEAR FOLLOW-UP OF THE COHORT (2007/08)
After approval by COMREC under the same reference number, children were followed-up at  one year post-discharge as part of the FuSAM study 
ChroSAM STUDY (COMREC APPROVAL NUMBER (P.02/13/1342)) - SEVEN YEAR FOLLOW-UP OF THE COHORT AND RECRUITMENT OF SIBLING & COMMUNITY CONTROLS (2013)
The ChroSAM (Chronic Disease following Severe Acute Malnutrition) cohort was an exploratory study which followed up children previously recruited from the PRONUT and FuSAM studies 
RAF6052 STUDY (COMREC APPROVAL NUMBER (P.09/17/2281)) - 12 YEAR FOLLOW-UP OF COHORT, SIBLING & COMMUNITY CONTROLS (2018)
A further study followed up a subset of participants from the ChroSAM study. This study identified 274 children alive at 12 years post-discharge. They recruited 159 cases, 156 matched community controls and 121 sibling controls to assess growth, body composition, early signs of chronic disease and blood markers. These results are yet to be published.
CURRENT LOSCM STUDY TO FOLLOW-UP ChroSAM COHORT, SIBLING AND COMMUNITY CONTROLS (2021/22)
Building on lessons learnt and knowledge gained from previous studies, we now plan a further follow-up of the ChroSAM cohort. This will be focused around a number of medium- and long-term health outcomes:
1. Quantify long term survival after treatment for severe childhood malnutrition in comparison to sibling and community controls
a) Record alive or dead at 13 or more years post-discharge 

The ChroSAM study managed to follow-up the majority of previous participants to establish survival seven years after discharge. We will attempt to contact as many of the previous participants to invite them for follow-up. If a previous participant has died since the last study follow-up, an accurate date of death will be sought using a previously established question triangulation process: reported date (if known); written record (such as clinical entry in health passport); questions relating to local calender (e.g. “died just before the last rainy season”). We will plot survival curves using these data and data from previous follow-up studies.  
2. Measure long-term growth and body composition following an episode severe childhood malnutrition
a) Anthropometric measurements

We will collect several anthropometric measures on all recruited cases and controls including:
- Weight

- Height (including standing and sitting height, lower leg length)
- Circumferences of head, chest, waist, hip, upper leg and mid-upper arm;
Using these measures, appropriate indices will be calculated (height-for-age; weight-for height; weight-for-age; mean upper arm circumference; BMI z-scores). Other specific measurements such as lower leg length have been found to be associated with hypertension in adolescents 15

. We will recruit nurses and field workers who have participated in previous follow-ups of this cohort or who have previous experience in taking anthropometric measurements for similar research studies. Two nurses (or combination of two trained nurses, field workers or clinicians) will take anthropometric measurements. We will also provide standardized training to all those involved in the study to reduce inter- and intra-observer variation. By recruiting previous cases and controls we will also gain longitudinal growth data to better understand growth trajectories, particularly around and after puberty. We will consult with statisticians who have specific expertise in analysing growth data to assist with our interpretation of results.
b) Body composition 
· Skinfold Thickness
The ChroSAM study found evidence of higher central fat and lower lean mass in survivors compared to controls. This has significant implications for adult cardiovascular and metabolic disease risk 
· Bioelectrical Impedence Analysis
We will also measure body composition using bioelectrical impedence analysis with a Quadscan device. This will quantify lean mass in participants and has been measured during both ChroSAM and RAF6052 studies 
3. Identify early markers of chronic cardiovascular or metabolic disease: 
a) Cardiovascular
· Resting blood pressure measurement
We will look for the presence of cardiovascular risk factors. Firstly, we will take a resting blood pressure measurement for all participants. The original ChroSAM study did not find any significant differences in blood pressure between cases and controls. However, given that the majority of participants will be post-pubertal it is possible that differences in blood pressure will be more evident in our planned follow up. 
b) Metabolic
· Oral Glucose Tolerance Test (OGTT)
Previous research has found evidence of impaired glucose tolerance in survivors of severe childhood malnutrition 8


 ADDIN EN.CITE ,9
. The ChroSAM study however did not find a difference in fasting blood glucose or glycated haemogobin (HbA1C) 17

. 
c) Physical capacity
The previous ChroSAM study found survivors of childhood malnutrition had functional deficits compared to controls as measured by weaker hand grip and fewer minutes of an exercise test. We will therefore investigate whether these functional deficits persist into adolescence and young adulthood. We will measure hand grip strength and co-ordination on all participants using an electronic hand grip gauge and accelerometer. We will also ask participants to take part in an exercise test (step test/ broad jump) which will involve stepping on and off a step in time to a timed beep and measuring heart rate and blood pressure after. 
d) Storage of blood and urine samples for future analysis

We will take and store a blood and urine sample for future tests, focusing on lipidomic and metabolomic analysis. These may be likely to show early differences of non-communicable disease risk now participants are older 
We will seek additional funding in future to carry out these analyses. We will seek material transfer agreements and ethics/ sponsorship amendments when funding is secured to transfer samples for analysis at specialist labs in the UK. We will consent participants for the storage of and future analysis of these samples.
4. Quantify the effect of severe childhood malnutrition on cognition, behaviour and mental health: 
a) Cognition
· Cognitive assessment using a standardized tool 
We aim to assess cognitive ability using a standardized tool. The previous ChroSAM study assessed cognition in cases and controls using a battery of tests as part of the CANTAB (Cambridge Neuropsychological Test Automated Battery) tool 
· CANTAB (https://www.cambridgecognition.com/cantab/)
· NIH Toolbox (https://www.healthmeasures.net/explore-measurement-systems/nih-toolbox)
· Weschler’s Adult Intelligence Scale (https://www.pearsonclinical.co.uk/) 
After piloting these tools on a small number of participants, we will use one tool to assess the remaining cases and controls. These assessments will be carried out on dedicated applications on iPad tablets. We will administer these under the supervision of a research nurse who will guide participants through completing the assessment. 
· Electroencephalogram (EEG) and eye tracking 
We will aim to conduct EEG and eye tracking on a subset of cases and controls (aiming for 50 cases and 50 controls). We will use a similar methodology to a study being conducted in parallel (STREAM study - https://gtr.ukri.org/projects?ref=MR%2FS036423%2F1). These assessments will look at EEG waveforms during visual stimulus and eye tracking will provide information on inattention. These data will provide information on the dynamics of cognition and inattention in cases and controls . These are independent of other potential biases in measurement through cognitive assessments and school performance.  
· School performance (school grade achieved)
School performance as measured by school grade achieved by age will be asked of all participants. This data was collected as part of the original ChroSAM study which found a statistically significant difference in school performance 
b) Behaviour and Mental Health

· Standardized behaviour and mental health questionnaire
We will use a standardized behaviour and mental health questionnaire with participants. We will pilot the Child Behaviour Checklist (CBCL) (Appendix 2), the Strengths & Difficulties Questionnaire (SDQ) (Appendix 3), the Patient Health Questionnaire-9 (PHQ-9) [depression] and Generalized Anxiety Disorder-7 (GAD-7) [anxiety] screening questions (Appendix 4). These questionnaires have been used in adolescents in similar settings 21

. We will select the final tools based on length of time needed to complete, acceptability and understanding of participants.
c) Hair cortisol

Cortisol in hair is a measure of stress responses in the recent past and has been found to be associated with childhood adversity 
5. Explore predictors of favourable or adverse long term outcomes (mortality, non-communicable disease risk, mental health symptom scores): 

a) Family characteristics 
Data including parental education, employment and family size were collected at previous follow ups. We will once again collect/confirm demographic and family characteristics upon registration in the study.
b) Socioeconomic status 
Socioeconomic status was derived from asset scores calculated with questions taken from the Malawi Demographic Health Survey during the ChroSAM study 
c) HIV status 
We will record HIV status and treatment status as documented in participants health passport. HIV status has been documented extensively in previous rounds of follow-up and families have previously been referred for treatment previously where appropriate. We will refer participants for testing if considered clinically appropriate or needed.
Study Location

We aim to locate participants in the community around urban and rural Blantyre. We will invite them to attend Queen Elizabeth Central Hospital (QECH), Blantyre for a morning or afternoon where we will undertake our assessments. We have received permission from the QECH research committee to carry out assessments on-site.
Study Population

We will study three groups. 
a) Cases – adolescents and young adults who previously suffered from SAM in childhood 
Of the original ChroSAM cohort, 320 were alive and successfully followed up as part of the ChroSAM study in 2013. The median age of these children at the time was nine years old. We are aiming to follow-up as many of these 320 children as possible, anticipating likely loss to follow-up since 2013. When originally admitted for treatment in 2007/08, the youngest of these was six months old and the oldest was 15 years old (median 21 months, IQR 15 to 32 months). Most patients will therefore be aged around 17-18 years old at the time of follow-up in 2021/22, with the youngest aged 15 and a small number being young adults.  

b) Sibling controls

To control for the effect of household/family factors on health outcomes, sibling controls (who were ±5 years of the age and closest to the case in age) were previously recruited as a comparator group. We aim to re-recruit previous sibling controls and invite them for assessment at QECH, Blantyre; most likely alongside their sibling. Where a previously recruited sibling is not available we will aim to recruit another sibling ±5 years of the age of the recruited case if available. 
d) Community controls

To control for the effect of wider community factors on health outcomes, community controls from the same districts as cases were recruited in previous follow-ups. We aim to identify previous controls in the community and invite them for assessment at QECH. Due to high dropout of controls, the RAF6052 had to recruit an additional 31 community controls. We aim to follow-up as many of the previous community controls from ChroSAM and RAF6052 as possible, as this will also provide comparative longitudinal data to compare to cases. We anticipate the need however to recruit additional controls if there is high dropout to improve age-matching and power. We will evaluate the need for this mid-way through the study depending on recruitment rates and will recruit those aged ±2 years of the ex-malnourished adolescent (ideally ±1 year where possible). We will use the same methods of random sampling in the community to identify additional controls as have been used previously 
Study Period

The study will consist of three phases. We anticipate fieldwork will start mid-way through 2021 and will last approximately 12 months in total. 
[image: image2.emf]Task

2020NovDec2021JanFebMarAprMayJuneJulyAugSeptOctNovDec2022JanFebMarAprMayJuneJulyAugSeptOctNovDec2023JanFebMarAprMayJuneJuly

Project Set Up

Literature review

Ethics and sponsorship processes

Staff recruitment

Staff training

Cohort follow-up

Piloting tools/assessments

Patient recruitment

Field work for recruitment

Analysis

Data analysis

Write-up of results

Dissemination of results


i) Formative phase: study team training and piloting of assessment tools
To ensure high quality data collected quickly and efficiently across a wide range of outcomes, the first phase of the project will involve:

· Study team training: focusing especially on key outcomes which are prone to inter and intra-observer variation e.g. anthropometric and body composition measurement; administration of questionnaires. We are planning on recruiting experienced research nurses and field workers including those who have worked on the ChroSAM and RAF6052 studies who will already have experience in several of our proposed measurements. 
· Piloting of data collection tools and strategy.  We will pilot our data collection tools before full roll-out. We will amend and finalise the tools based on the initial piloting. As we develop our final SOPs (Standard Operating Procedures) we will also seek patient and staff involvement to adapt plans on the basis of feedback received. This will be particularly important in seeking the views of the adolescents and young adults we see as well as carers.
ii) Patient follow-up phase
Once our assessment tools and protocol have been tested and revised as appropriate, wider follow-up of the cohort will begin. Based on past experience, we estimate being able to see approximately two to three participants a day, so that the full study should be completed in around a year (520 participants over the course of year if we recruit 2 patients per day within 5 day working weeks over 52 weeks). Extra time may be needed for more difficult access during the rainy season, for more distant follow-up of participants who have moved since the last follow-up and for recruitment of additional community controls if needed.
iii) Analysis, write-up and dissemination phase
We will then spend the time after completion of fieldwork collating data and analysing results. We will use the assistance of the statistical support unit at MLW to support this work, which will be primarily carried out by the chief investigator (Dr Amir Kirolos) who has experience in epidemiology and statistics. We plan to disseminate results more widely by presenting results to local stakeholders in Malawi, COMREC, a wider consortium of researchers across Malawi, international collaborators on malnutrition in Ethiopia and Jamaica, targeted nutrition & global health conferences and publishing results in open-access journals.
Study Sample Size
We will follow-up as many of the 320 children from the ChroSAM cohort who are contactable or successfully identified in the community. Basic information will be obtained about all siblings (born to the same mother) but only the sibling closest in age to the index child will be assessed in detail. We aim to follow-up as many of the previously recruited sibling controls as possible. Where previous sibling controls are not available, we will aim to recruit another sibling if available if they are also ±5 years in age.  Due to high dropout, the RAF6052 had to recruit an additional 31 community controls. We aim to follow-up as many of the previous community controls from ChroSAM and RAF6052 as possible. We anticipate recruiting additional controls if there is high dropout to improve age-matching and power. We will recruit a community control who is aged ±2 years of a matched adolescent case (ideally ±1 year where possible). We will aim to identify controls in the community and then invite them for a detailed centre-based assessment using the same sampling methodology as before 
Sample size calculations
Though our sample size and ability to detect potential inter-group difference is limited by those surviving and contactable from the original cohort, we believe it important to note that:
· This is one of the biggest cohorts in a setting such as ours to be followed up in such detail

· This follow-up will allow longitudinal data to be added to map growth and surivival in this cohort
· The cohort is now older so differences in non-communicable disease risk may be more evident

· This is a hypothesis generating study which seeks to highlight potential disease risk pathways, but will require future confirmatory studies
To anticipate whether our study will be powered even with loss to follow up since previous studies we illustrate two key outcomes (assuming a power of 80% with statistical significance set at p<0.05) below:
· We will need 100 cases and 100 controls to detect a difference in scores of 2 points in the SDQ questionnaires between groups

· We will need 45 cases and 45 controls to detect a difference in EEG & eye tracking based on a mid-estimate of effect size (17 in each group for the highest effect size)

Data Collection Procedures
i) Field Work 
MLW has a well-established and successful follow-up system using a mobile field team (driver plus nurse(s)) which has been used in previous follow-ups. It is based on a ‘verbal address’  obtained from all participants. Home locations were also plotted on a large scale Blantyre district map to track patients at home. GPS satellite location data (accurate to ~10meters) is available for many patients enabling satellite-guided location of homes. We plan to use these field visits to identify surviving particpants, siblings and community controls from previous follow-ups and invite them to QECH for an afternoon or morning to undertake our assessments. Siblings from the same household will also be identified at this visit. We will alert local community health workers first and then physically visit households to confirm the presence of participants and provide information to the participant and guardian as applicable by age. We will then invite them to attend the local central site (QECH) to conduct the assessments. Depending on the distance of participants from the central site we will either provide transport money upfront or reimbursement when they come to the clinic. 
ii) Centre-based assessments
Participants will attend our central site at QECH for detailed anthropometry (sitting height/standing height/leg length/skinfold thickness), venous blood sampling, hair sampling, cognition assessment, mental health questionnaires and EEG/eye tracking assessments as detailed in our study objectives (Appendices 2-4). We will ask participants aged under 18 to attend accompanied by a carer (in most cases the mother of participant/sibling control) at a mutually convenient time. We will also be reimbursing participants in line with College of Medicine guidance with a minimum value of 7000MK ($9.50) (accounting for transport, time and discomfort from assessments being undertaken), or more if required based on guidance as detailed later in this document. We are also offering lunch to attendees. This compensation is in line with reimbursement for previous follow-ups and is commensurate with the assessments we will undertake.
COVID-19 precautions

We will be taking a number of precautions to help protect staff and particpants from risks posed by COVID-19. We will be asking partipants and staff to wear masks during assessments. We will ask all staff to wear a surgical mask, gloves and apron when working with participants, which will be disposed of and changed in between different households.  We will also encourage social distancing of staff. All equipment will be cleaned and disinfected before and after each participant. We will be carrying out tests/assessments in a large, well ventilated space on the MOYO ward of QECH. We will draw up an extensive standard operating procedure for each assessment to minimise risks and will provide training to all staff regarding precautions. If participants from separate households are attending for assessments on the same day we will maintain distance between households and will aim not to have more than 2-3 different households attending on a single day for assessments to avoid the potential for close contact between households.
Data Management/ Analysis

We will use electronic case record forms on tablets (Appendix 4) and avoid using paper forms where possible which may be more likely to be lost or incomplete. Participant data and results for most assessments will also be collected on tablets to input standardized demographic & anthropometric information, questionnaires and assessment results. We will do these on Samsung Galaxy tablets which are already available to the study team. These use android operating systems and will have ODK (& COMCARE based on ODK) software installed to allow for custom data forms to be created and recorded. Similar tablets and software are used for data collection in most studies at MLW. Nurses and researchers who are part of the core study team will input these data into tablets during assessments at QECH. Neurocognitive assessments will be carried out on iPads using dedicated apps. EEG and eye tracking assessments will be carried out on specialist equipment. 
Data will be stored on secure MLW servers and will comply with College of Medicine and MLW’s data policies for handling participants data. Data stored on servers will be password protected. Patient identifiable data will only be accessible by the core study team and accessed only as needed. Wherever possible we will then be working with anonymised data which minimises the need for use of personal identifiable information for analyses. Data collection processes will be supported by the data department at MLW with whom we will work to develop a detailed data management plan and long-term storage/repository plan. The MLW data department will also facilitate regular backup and quick transfer to the study database for prompt analysis after data collection has been completed. We have budgeted for data support services at MLW. 
Data will be analysed using the R statistical computer package and will be supported by the statistical support unit at MLW. Variables associated with long term mortality will be explored using Kaplan-Meier time-to-death curves and Cox regression analysis. Growth / body composition / blood pressure / physical fitness and other continuous outcomes will be explored using multivariable regression. ANOVA tests will compare growth outcomes between the different groups (ex-malnourished index child; sibling control; community control). We will also acknowledge limitations, notably ‘survivor bias’ given cases are likely to be among the fittest and healthiest of the original cohort. 
Presentation of Results
Results will be fully written as a report and subsequently submitted for publication in peer-reviewed journals. Analysis will statistically test for differences in outcomes between cases and controls. These will be presented in tables with narrative discussion and interpretation. Where possible we will summarize data visually in graphs.
Dissemination of Results

Results of this study will be presented initially at internal paediatric departmental “Research in Progress” meetings. We will then present results in national forums such as the College of Medicine Research Dissemination day. We will also present results at international meetings. 

We will provide findings in writing to the local paediatric department, QECH and COMREC. Ultimately we will publish findings in peer-review open-access journals.
Ethical Considerations (including consenting procedures, participant compensation, participant confidentiality etc.)
This study builds on established relationships with former patients and their families. We will ensure that our study does not adversely impact on delivery of clinical services, particularly in relation to current pressures due to COVID-19. This will involve our study nurses contributing clinical shifts on the ward where required. Also, making sure that our staff and participants are adequately protected with personal protective equipment which we have budgeted for.

All data will be collected and stored confidentially, and subsequently anonymised for data analysis, with data management plans developed with the MLW data team.
Consent

Written informed consent will be required for all participants aged 18 years old and over. For adolescents under 18, we will require written informed consent from primary carers (mainly mothers where still alive) as well as written assent from the participants themselves. We will ask participants to fill in a consent or assent form and sign this with their written signature or fingerprint (Appendix 1).

Inclusion in the study will be dependent on the participant or carer having the capacity and ability to provide consent. We will provide a detailed information sheet alongside our consent forms. Research nurses will explain all the details in the information sheet for all participants, and in particular those that are unable to read the written information. We will explain that any information regarding participants will be anonymised. 

The majority of participants will have taken part in previous follow-ups and be aware of what a follow-up assessment will entail. We will contact participants over the phone or identify them in the community before they attend for follow-up assessment, which should provide a period of time for participants to consider whether they are comfortable with consenting to participation. We will also make it clear that they can refuse any particular assessment or withdraw from follow-up at any time. We will also make it clear that taking part in follow-up is optional and will not impact on future care. 

Participant Compensation
We will be reimbursing participants in line with COM guidance 17

.
Most participants will receive 7000MK as is required by guidance for those attending facilities. For those who have additional blood sampling as part of an oral glucose tolerance test, we will compensate 7900MK. 
We have calculated this compensation as follows:
Transport – 5km = 300MK; 10km = 600MK, 15km = 900 MK
Time (not exceeding 8 hours) – 1000MK

Burden of procedures: Mild discomfort for blood sample – 2000MK

Moderate discomfort for OGTT (subset of participants) – 6000MK

Substinence – Provided by study team

Benefits/risks to participants
We do not believe a half day of assessments will be burdensome in recalling participants from this cohort as we are doing fewer assessments and less invasive assessments than previous follow-ups. Participants will also now be aware of what is entailed in the study and can freely decline to take part at any point. We acknowledge that participants may feel pressured into participating in the study due to a sense of duty from previous follow-ups and knowing the study nurses. We will guard against risks of coercion and exploitation by clearly explaining the purpose of the research study, the roles and boundaries of the research team, and that refusal to participate will in no way jeopardize the provision of care.

One major benefit of the assessment is the opportunity to identify any health problems and directly advise on possible solutions / re-refer to appropriate treatment services. However, one limitiation is that healthcare is resource limited in Blantyre and may not be available for all issues identified.  
Possible constraints

It is possible that not all carers and children will want to or have the time to contribute to this project. To minimise this, we will employ skilled study staff to respectfully communicate the rationale underlying the study and the wider benefits. The same skilled staff will also be trained to recognise and respect the choice of any families who do not wish to participate. We hope to employ previous nurses and field workers who already have established relationships with these participants and families.
Loss to follow-up may be an issue and we will factor in time to recruit additional controls to improve power if needed.

To minimise any inconvenience and ensure smooth and fast data collection, we will thoroughly pilot our approach and assessment tools before full roll-out. We will also work closely in collaboration with MOYO/ paediatric wards and other clinical staff to ensure that we are not disrupting or distracting from clinical care or departmental routine. No other major constraints are envisaged given that similar follow-ups have been successfully conducted in the recent past. We have also factored in the possibility of study staff contributing to COVID-19 surge responses if required.
Capacity Building
As with previous studies the key benefit of this work is to provide further training and professional development for research staff, hence benefiting routine services in the department. In particular, we will employ experienced nurses on our assessment team who will be trained in new techniques (mental health screening questionnaires, EEG) which will be useful for future research and clinical practice. We hope that this arrangement will also help to more directly and more quickly translate any lessons learned from the follow-up to changes in front-line practice.

This study will form the basis of a PhD for the primary investigator. We will also collaborate closely with Malawian researchers with an interest in this area. We will work with local peadiatric registrars, clinical officers, students and others who are interested to learn from and contribute to aspects of the project. We hope to support masters students to undertake additional studies with the data collected as there will be scope for secondary analysis of data and contribution to literature reviews.
Study Requirements

The study is funded by the Wellcome Trust as part of a Clinical PhD Fellowship with the University of Liverpool and hosted by MLW. 
CONFIDENTIALITY
The Chief Investigator will preserve the confidentiality of participants taking part in the study and will abide by the EU General Data Protection Regulation 2016 and Data Protection Act 2018. All data will be collected and stored confidentially, and subsequently anonymised for data analysis, with data management plans developed with the MLW data team.
INDEMNITY
The University of Liverpool holds Indemnity and insurance cover with Marsh UK LTD, which apply to this study.

SPONSOR
The University of Liverpool will act as Sponsor for this study. It is recognised that as an employee of the University the Chief Investigator has been delegated specific duties, as detailed in the Sponsorship Approval letter.

FUNDING
Wellcome Trust are funding this study as part of a Clinical PhD Fellowship.

AUDITS
The study may be subject to inspection and audit by the University of Liverpool under their remit as sponsor and other regulatory bodies to ensure adherence to Good Clinical Practice and the UK Policy Framework for Health and Social Care Research (v3.2 10th October 2017).
STUDY MANAGEMENT
The day‐to‐day management of the study will be coordinated through Malawi-Liverpool-Wellcome Trust.

END OF STUDY

The study will end when all available surviving cases and controls in urban and rural Blantyre who are willing to take part have been recruited or at the end of the anticipated 12 month study period.
ARCHIVING

Data and all appropriate documentation will be stored for a minimum of 10 years after the completion of the study. We have budgeted for archiving at MLW, the host institution for this study. 
Training for Study Staff
We  have budgeted £1000 for training all staff before the start of the trial. Research nurses and field workers will be recruited on the basis of previous experience. We will ensure that all those working on the trial are trained in administering all of the assessments and in taking anthropometric measurements we have described above.  
Budget & Justification of Budget
(please note that this is a Wellcome Trust funded study)
	ITEM
	COST

	Staffing
	
	

	Study Nurse

(2 nurses FTE 1 year)
	£14,801 x2
	15692008MK x2

	Field Worker

(2 worker FTE 1 year)
	£11,050 x2
	11715201MK x2

	Consumables
	
	

	Blood taking equipment & storage
	£2,534
	2686544MK

	Body impedence pads and leads & Blood pressure equipment
	£2,760
	2926149MK

	Lunch for attendees
	£1,030
	1092005MK

	Stationery, printing, photocopying
	£1,050
	1113209MK

	Shipping and clearing
	£5,000
	5300996MK

	Ward and clinic costs
	£4,500
	4772640MK

	Personal protective equipment 
	£2,500
	2651466MK

	Hair Cortisol
	£8,900
	9439221MK

	Other costs
	
	

	Nursing registration, subscription, travel, recruitment, mobile phone allowances
	£4,752
	5039908MK

	Training costs
	£1,000
	1060586MK

	Transportation
	£4,600
	4878698MK

	Data management and entry & Statistical support
	£2,375
	2518893MK

	Participat compensation
	£3,850
	4083258MK

	COMREC processing and printing costs
	£500
	530293MK

	Patient Note Storage & Archiving costs
	£1,120
	1187857MK

	Translation and communication costs
	£1,229
	1197402MK

	Study Insurance
	£5,000
	5302933MK

	TOTAL SPEND
	£104,402
	110727375MK

	MALAWI SPEND
	£81,599
	86542816MK

	COM DIRECT COSTS (10% of MALAWI SPEND)
	£8,160
	8654387MK

	TOTAL RESEARCH COST
	£112,562
	119381762MK

	TOTAL GRANT FUNDS AVAILABLE 
	£120,000
	127262967MK


We have tailored out outcomes assessments to the amount of budget we have. Similarly, we have timed our follow-up of 12 months to fund salaries within our budget. We have also allowed some flexibility within our budget with an overhead if there is unexpected costs that arise during the study.
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