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Protocol
Recruitment and training of staff
Cognitive function was assessed as part of the EPIC-Norfolk Cohort Study Third Health Examination (EPIC-Norfolk 3) [1]. The health examination lasted approximately 2.5- 3 hours of which the cognitive battery could take up to 40-50 minutes depending on the participant. Nurses employed for this study were professionally qualified with experience of performing phlebotomy. Intensive three month training was provided initially with regular refresher courses throughout the year and quality assurance at regular intervals to assess for internal consistency and inter-rater reliability. Nurses were trained to follow the detailed standard operating procedures (SOPs) and where necessary adhere to script, with standard verbal responses and prompts to ensure consistency and accuracy.  The protocol also included guidance on how to encourage participants without giving feedback. Detailed guidelines for scoring (which can be found in the technical report available from the EPIC-Norfolk website at http://www.srl.cam.ac.uk/epic/TechnicalReports) were also provided.  The cognition battery was conducted approximately halfway through the appointment. This was so that sufficient time had elapsed for the nurse administering the test to establish a rapport with the participant, but not too long into the appointment where the participant may have become anxious or tired, which could then have had a possible effect on their performance. 

Data Entry and Data Checking
Data was captured directly on an electronic case report form (eCRF) which was printed out and then used to record the paper and pencil items of EPIC-COG.  The scores from the computerised tests were stored automatically under the participant’s unique EPIC Study identifier. There was a three staged process for checking the data.  The first stage was carried out at the end of the appointment by the nurse carrying out the health examination; this was to ensure that most issues involving missing data were corrected immediately.  The second stage was done by a different nurse (following a checklist) to investigate and correct any discrepancies in the CRF and where possible, make the relevant amendments on local machines (e.g. ID number typos etc.). All amendments were noted.  To further verify the data entered, a third stage checking- was carried out on an ad-hoc basis by clinic manager or by a member of the research team based in Cambridge. 

Consistency in test administration
As variability and subjectivity can be introduced at any part of administration, scoring or cleaning of the data, emphasis was given to standardising the protocol minimising differences in interpretation and subjectivity. The protocol included clear explicit guidelines with verbatim instructions where possible. This was particularly useful for tests that are widely used such as the NART [2,3] which is subject to inter-rater variation [4] and the MMSE [5] which have been reported to lack specificity [6,7]. The MMSE is also subject to variability, because there is no accepted documented method for administration and scoring. To ensure accuracy, consistency and to enhance nurse confidence, training from experts within the field was given for each component regularly throughout the study.

For completeness and accuracy of data, participants were kept motivated and encouraged to complete the battery, however, participants were free refuse any part of the heath check. Refusals and reasons for aborting were recorded (although complete data not available at the time of writing) so that comparisons between those with complete data and those with missing data could be made. Data was analysed as it was collected to record common responses given which were included in drop down menus as possible responses to reduce nurse interpretation. Also for completeness several checking measures were included at various stages for data entry and cleaning. Where there was a discrepancy in the scoring between two researchers, the data was analysed by a third person, and the final decision was made by consensus. 



Reporting on results
Participants scoring low on any of the cognition tests were not referred for further assessment, nor were results reported to their GP. This was indicated on the participant information sheet (PIS) sent to the participant in the invitation pack. Clinically relevant results from other parts of the health examination such as for raised blood pressure, lipid profile and the eye examination were referred to GP Practices for further follow-up.

Recruitment of Participants
At baseline between 1993 and 1997 [8], participants on the registers of thirty-five general practices were invited to take part in EPIC-Norfolk, of which 30 445 consented and completed a health questionnaire and of those 25 639 attended a health examination.  For EPIC-Norfolk 3, only participants consenting at baseline (those who had not requested to be removed from future approaches and were still alive at the time of approach) were invited. Practices were approached two at a time, based on geographical location and distance from the clinic in Norwich, i.e. one at close proximity (city practice) and one further afield (rural area). Funding constraints led to the exclusion of four practices from follow-up. As a result of not including these practices, 1517 eligible participants were not approached however this exclusion did not introduce bias into the study [1]. Record linkage to the NHS Exeter System ensured participant contact information was up to date at the time of approach. 

Consent
All EPIC participants consented at baseline to participate in the long term study. Consent was taken again from participants taking part in EPIC-Norfolk 3 to cover new procedures including the cognitive tests that were not applied at previous health examinations and to update the consent to comply with current standards. In the invitation, participants were asked to read the Participant Information Sheet (PIS) relating to the study and were asked to complete a participation form indicating their willingness to take part and their preferred day and time for their appointment. They could also, at this point, refuse (and if they chose, give reasons for refusal). If the participant agreed to take part, they were asked to read the consent form carefully, but not complete it until they arrived at the clinic. Consent was then given in the presence of the nurse who explained the health examination to the participant, answered questions and ensured that the participant was completely informed of what they were being asked to do, before signing the consent form. It was also made clear to the participant that they could refuse any part of the health examination should they wish to do so.

Cognitive Tests

Short Form Extended Mini Mental State Exam (SF-EMSE) and Short Form Mini Mental State Exam (SF-MMSE)
The Extended Mental State Exam [9] (SF-EMSE), consisting of 47 items (giving a score of 60) extends on the Mini-Mental State Exam. A shortened version of the SF-EMSE (consisting of 26 items) giving a maximum score of 37 and containing items from the SF-MMSE was used in EPIC-Norfolk 3.
The SF-MMSE has been shown to predict the full-scale MMSE score by assuming an almost perfect performance on the excluded items in a highly functioning population [10].   It has been shown capture the range of scores from severely impaired to the high functioning. The SF-MMSE was demonstrated to be a useful instrument for screening large numbers of population studies, with the results comparable to studies where the full test version was administered. The ‘full derived’ MMSE score (SF-MMSE Score+14) has been used in the analysis here to allow the comparison of the other components of the battery using the SF-MMSE scores as a validated and recognised standard.

Attention and Visual Search
 The letter cancellation task [11] assesses attention, mental processing and speed. The task involved  a visual search of a set of random letters printed in a grid like format consisting of 26 rows and 30 columns with the aim of  crossing out as many of the 72 possible target letters (P and W) within one minute (as used in MRC CFAS Study).[12]  There are two  outcome measures in this task, the first is for  speed  which is total numbers of letters searched in the allocated time and the second is the accuracy score (the outcome measure that was used here), which is number of correctly identified target letters minus all potential target letters missed up to the point scanned by participant.



Hopkins Verbal Learning Test (HVLT)
The HVLT [13] is a short reliable test of verbal recall and recognition. [14,15,16] The test consists of a 12-item word list, from three semantic categories, (‘precious stones’, ‘human shelter’ and ‘animals with four legs’). Participants were presented with the word list on a computer screen and asked to memorise the words. The computer program was timed with an interval of 1 second between each word presentation. At the end of the presentation the participant was asked to recall as many of the words as they could. The list was shown a further two times. Correctly recalled words were recorded. A score for each trial and the total recall score (maximum of 36) was noted.  Any incorrect words mentioned were also documented, and although not used in here, are available for future analysis. Here, we used the total HVLT score as the outcome measure.

Cambridge Neuropsychological Test Automated Battery Paired Associates Learning Test 
(CANTAB-PAL)
[bookmark: _GoBack]The Paired Associates Learning Test (CANTAB-PAL)  shown to be a highly sensitive tool as a determinant of memory deficit in the very early stages of dementia,[17,18,19,20] was used here to assess episodic memory and new learning. Participants were presented with six white boxes (and then eight at the final stage) on a touch screen, opening sequentially to display 1,2,3,6 and then 8 abstract visual patterns. Patterns were displayed one by one in random box positions. Immediately after the final test pattern was displayed, one of the patterns was displayed in the middle of the screen and the participant was required to touch the box where that pattern was located on the screen. If the choice was correct, the procedure continued to the next set of patterns. If incorrect the boxes with the pattern(s) were presented again. The task consisted of eight stages and up to ten presentations. If all the patterns were not correctly placed by the tenth presentation, the task automatically terminated. There are a number of outcome measures in CANTAB-PAL, all which have to be analysed with reference to the PAL stages completed measure. Further explanation of this key indicator is given in the supplementary information. For the analysis here, the outcome measure used was the first trial memory score (FTMS), which is the number of patterns correctly associated to their locations in the first attempt summed across the stages completed. 



Visual Sensitivity Test 
The VST [21] assesses disturbance of the magnocellular pathway and consisted of two parts: In the first part, a triangle appears at random on the screen and the participant had to press the space bar on the computer as soon as the triangle was seen. In the second part, the screen is full of constantly moving dots, from which a triangle forms at a random point on the screen. The test required the participant to press the space bar when the triangle became apparent, with the triangle gradually becoming more obvious with time, and so increasing the probability of detection over time. The outcome measure of reaction time (in milliseconds) was recorded and stored automatically under the participant’s unique study number. The visual sensitivity test gave 70 measures per participant, with the final reading value (used in analysis) being the average of these measures. The data contained some extreme measures (method for identifying these values is given in the supplementary information). 
 
NART
The National Adult Reading Test (NART) [22, 23] has been shown to correlate with pre-morbid intelligence and general cognitive ability. [24,25] The NART uses the assumption that the level of reading ability is closely related to general intellectual level and is a more objective measure of pre-morbid ability than using demographic variables such as years of education and socio-economic status. [25] The NART is a widely accepted and commonly used method in clinical and research settings, even though it is known to have some limitations, particularly in the less educated.[26]  As the words in the NART do not follow the standard (British) grapheme-phoneme rules, the test requires the participant to recognise the word in its written form, obtaining this information from a lexical store, as decoding the word would result in an incorrect pronunciation. The NART thus gives an implicit measure of the individual’s knowledge of the English vocabulary. It aims obtain a measure of prior intelligence when assessing level of cognition for an individual both in absolute terms and relative to others within their age range.

The words were presented to the participant on a computer screen and required the participant to pronounce correctly a set of up to 50 irregular words of varying difficulty.  The short NART protocol [27], from which the full NART score can be derived using an algorithm based on the performance on the first half of the test, was used  (as explained in the supplementary Information). Only those individuals scoring between 21-25 on the first half of the test, proceeded to the full NART of 50 words. As the outcome here is an error score (Short NART Error Score), a higher score indicated lower performance. There have been some reservations regarding the practical utility of the short NART, but its accuracy has been shown to be almost equivalent to the full-length NART.[28] 

Prospective Memory
This is memory for future intentions and has been previously suggested to be sensitive to early stages of cognitive decline.[29,30]  In this task, participants were asked to remember to carry out an explicit instruction at a specified point later in the appointment. This was to seal and initial an envelope when it was handed back by the nurse later in the assessment. Responses were scored on whether both, one or none of the actions were completed when the envelope was handed to them.
For the purpose of the analysis here, participants were defined as being ‘successful’ if they carried out at least one correct action without having to be prompted by the nurse.

Health and Lifestyle Questionnaire

Health and lifestyle data were collected on the self-completed questionnaire, and included health variables (e.g. self-reported health, medications, physical performance, amount of physical activity, cognitive functioning, level of difficulties with activities of daily living and information regarding sexual function); psychological variables, (e.g. mental health, well-being, life satisfaction, mood); socio-economic variables (e.g. current work activity, reasons for retiring, financial security); and social activity (leisure activities).  

The EPIC-COG battery was conducted approximately half way through the health examination. This was to allow enough time to build a rapport with the participant, yet not so long that there may be a possibility of the participant becoming too tired and losing concentration. This also gave the nurse time to evaluate the participant and ensure that they would understand and follow instructions given to them. Participants were asked to wear their glasses and hearing aid if they usually wore one. Any physical problems (such as visual impairment) or problems understanding instructions were noted by the nurse at the health examination. The time taken for the cognitive test varied depending on the cognitive ability of the participant, but took a minimum of 35 minutes to complete.
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