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1) Have any data been collected for this study already?

It's complicated. We have already collected some data but explain in Question 8 why readers may consider this a valid pre-registration nevertheless.

2) What's the main question being asked or hypothesis being tested in this study?

In older adults (over ~60 years), is locus coeruleus signal intensity (LC_SI) significantly associated with cognitive/behavioural measures that putatively rely

on the noradrenergic (NA) system? 

We hypothesize that while significant associations will be seen between LC_SI and NA associated cognitive/behavioural measures, there will be no such

associations with “control” cognitive/behavioural measures that are not supported by NA systems.

3) Describe the key dependent variable(s) specifying how they will be measured.

Behavioural measures: we will investigate putative NA-dependent (NA-dep) and NA-independent (NA-ind) measures:

- NA-dep: emotional memory, emotional regulation, response inhibition (+/- executive function, sleep quality and cognitive reserve).

- NA-ind: face recognition, sentence comprehension, and general intelligence.

Neuroimaging measures: we will use mean normalized LC_SI values from participants’ magnetization transfer (MT)-weighted images.

4) How many and which conditions will participants be assigned to?

N/A

5) Specify exactly which analyses you will conduct to examine the main question/hypothesis.

Hypothesis 1: NA-dep and NA-ind tasks are separable constructs: 

- We will use confirmatory factor analysis (CFA) to compare the fit of a second order, multidimensional model (LC_SI as an independent, observed variable

connecting to two latent variables, NA-dep and NA-ind tasks) to a unidimensional model (NA-dep and NA-ind tasks as a single latent variable). We expect

the former model to be a better fit, suggesting separable NA-dep and NA-ind factors. 

- NA-dep tasks will consist of the following observed variables: emotional memory, emotional regulation and response inhibition. 

- NA-independent tasks will consist of the following observed variables: general intelligence, face recognition, and sentence comprehension.

- A subsequent exploratory analysis will assess the fit of a model that includes additional dependent variables that have been proposed to be

NA-dependent: executive function, sleep quality, and cognitive reserve (a third latent variable composed of years of education, verbal intelligence and

occupational complexity). 

- Missing values will be estimated using Full Information Maximum Likelihood.

- Mean LC_SI values have been obtained from participants’ structural MRI (MT-weighted) data. A LC group template was created from the MT-weighted

images using ANTs (Advanced Normalisation Tools) to identify the LC on individual scans and a normalized LC_SI value was calculated for each individual.

Hypothesis 2: There will be differences in covariances between LC_SI and the latent variables in younger and older adults (cut off ~ 60 years). 

- We will estimate the associations between LC_SI and the latent variables using structural equation modelling (SEM) and compare younger and older

adults using SEM trees. We expect LC_SI in older adults to be more strongly related to NA-dep compared to NA-ind tasks.  

- If the a priori model survives inclusion of age as a second independent observed variable, this will provide stronger evidence of its validity. 

If the a priori model shows inadequate fit, we will examine the optimal structure with a more exploratory approach (e.g. to allow for covariance between

individual variables within factors and/or across factors unrelated to the separation of NA-ind and NA_dep tasks. Tasks that have visual stimuli may share

variance independent of whether NA is needed for processing them).

6) Describe exactly how outliers will be defined and handled, and your precise rule(s) for excluding observations.

Exclusion criteria for the Cam-CAN dataset included: MR safety contraindications (e.g.pacemakers), learning disability (living at home), cognitive

impairment (Mini-Mental State Examination (MMSE) score of 24 or less) and reduced response from individuals with limited longstanding illness or

disability. Moreover, due to movement artifacts of some MRI scans, some participants were excluded from the LC-SI analysis. Otherwise, we will not

impose any specific exclusion criteria on individual data points.

7) How many observations will be collected or what will determine sample size? No need to justify decision, but be precise about exactly how the

number will be determined.
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The Cam-CAN dataset has imaging data for around 700 participants. A similar number of participants have completed most of the cognitive tasks to be

included in this study, apart from emotional memory (n=330), emotional regulation (n=316) and response inhibition (n=~140). See

https://camcan-archive.mrc-cbu.cam.ac.uk/dataaccess/.

8) Anything else you would like to pre-register? (e.g., secondary analyses, variables collected for exploratory purposes, unusual analyses planned?)

See above.

The data has already been collected as part of the Cam-CAN open-access population-based dataset, and we have obtained access to the data. The neural

measures (LC_SI) have been analysed separately as part of a previous study, but data analysis of the cognitive/behavioural measures has not taken place

prior to this preregistration.
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