
Healthy ageing has widespread influence on cognition, with disparate effects on different cognitive domains. The neural basis of these 
differences, however, is still largely unknown, despite its importance in understanding the neurocognitive mechanisms of successful 
ageing [1]. 
 
We investigated this issue by analysing the responsivity of distributed functional brain components in two tasks which typically decline 
with age, a fluid intelligence and a visual object naming task, and a syntactic comprehension task which is typically preserved [2]. 
 
We hypothesised that a differential pattern of age-related change in the responsivity of the task-positive components may distinguish 
between cognitively declining and preserved task.  
 
Furthermore, another pivotal domain-general network, the default mode network (DM) may be in a unique position to provide an 
underlying explanation for the different ageing trajectories across cognitive domains. 

Predicting preservation versus decline: Distributed network responsivity underlies differential patterns of cognitive aging 
across multiple cognitive domains 
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 Task performance 
As expected, Fluid Intelligence and Picture Naming  
showed age-related decrease in performance, but 
Sentence Comprehension was preserved. 
 
 
Component responsivity, age and performance  
More responsive components showed: 
• age-effect: stronger age-related decrease in 
responsivity in the declining tasks (A-C), and 
• cognitive effect: stronger correlation to 
performance across the lifespan in all tasks (G-I). 
 

These two effects (cognitive- and age-effect) 
added up in the declining tasks (D,E), but not in 
the preserved task (F). 

Task-positive responsivity, age and performance  
 
Task-positive components (TPs): testing across 
different number of components for each task, the 
mean responsivity (MTR) of the n=4 most 
responsive components (A-C) showed the highest 
correlation to performance across the lifespan in all 
tasks (J-L).  
 
Beyond predicting performance across the lifespan 
(J,K), MTR decreased with age in the declining tasks 
(D,E), and significantly mediated the effect of age on 
performance (FI: 48%, PN: 21%, p<0.001). 
 
In contrast, MTR showed no significant age-related 
decrease in the preserved task (F), despite 
predicting performance to the same degree as the 
MTRs of the declining tasks across the lifespan (L). 
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  Default mode responsivity and connectivity 
 

The six default mode (DM) components (A), on 
average, showed:  
• significant suppression in the declining tasks, 
but a weak activation in preserved task, 
• negative FC to the TPs in the declining tasks 
(B,C), but a positive FC to TPs in the preserved 
task (D), 
• age-related decrease in the extent of 
suppression in the declining tasks (E,F), but no 
change in the preserved task (G). 

• Inter-individual cognitive differences across the lifespan were supported by the activation of multiple, task-specific components. 
• The declining tasks, but not the preserved task, were associated with 1) an age-related decrease in this functional responsivity, 
and 2) suppression of the default mode network and an age-related decrease thereof. 
• Altogether, our results point to the generic importance of maintaining high neural responsiveness for successful cognitive aging, 
and suggest that age-related loss in the ability to modulate default mode activity may be one of the primary reasons of age-related 
cognitive decline across domains. 

We used functional magnetic resonance imaging (fMRI) while healthy participants (n=98), covering the entire adult 
lifespan (age: 23-87) from the population-based Cambridge Centre for Ageing & Neuroscience 
 (Cam-CAN) cohort (www.cam-can.com, [3]) performed each task (see Introduction).  
 
After standard preprocessing and data cleaning, a single independent components analysis (ICA) was run across 
the three recordings, yielding n=30 neural components common across the three tasks. 
 

Task-positive components for each task were selected based on their positive correlation to 
task performance, while default mode (DM) components were identified using  the Harvard-
Oxford anatomical atlas. 
 
Task- and condition-specific functional connectivity (FC) was calculated as the pair-wise 
correlation coefficient of the component time-courses during the task’s conditions of interest. 

We calculated a task-specific responsivity value for each component and participant as the contrast 
between the loading values of the component’s time-course on the task’s conditions of interests. 
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