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RESUME AND SUMMARY OF DISCUSSION: The investigators propose to examine age-related 
changes in the dopamine system and how they affect cost-benefit decision making. The reviewers 
agreed during the discussion that the study is likely to have high impact because it could identify a 
specific pharmacological target linked to reward-related behavior.  The investigators are exceptionally 
strong with expertise in relevant fields and a record of contribution and collaboration. The study of the 
pharmacological basis of decision making in humans is innovative as are the neuroimaging and other 
approaches. The approach is outstanding building on knowledge from animal and human studies; the 
�������������%�����������!�������������������������������������������������� PET and fMRI 
techniques; and the dopamine agonist challenge. The approach also has some minor weaknesses 
including lack of consideration of other neurotransmitters and potential confounding in the selected 
tasks. The environment at Vanderbilt University is exceptionally strong and supportive of successful 
completion of the study. The reviewers concluded that the study is outstanding with strengths that 
greatly outweigh its minor weaknesses. 
 
DESCRIPTION (provided by applicant): Vital financial decisions are made during pre-retirement age 
that can influence financial well-being for the rest of an individual's life. However, very little 
psychological and neurobiological research has examined financial decision making in this pre-
retirement late middle age range. An overarching goal of this grant is to begin to construct a more 
comprehensive model of the specific psychological and neural mechanisms that support financial 
decisions in young adulthood and late middle age. All aims seek to understand adult age differences in 
cost-benefit decisions and the specific role of dopaminergic neuromodulation in supporting these 
preferences in young and late middle-age adults. We particularly focus on decisions with effort costs, 
but we will also examine the influence of dopamine (DA) on risky choice. A single multimodal 
neuroimaging study will examine age and individual differences in basic cognitive and motivational 
variables, decision making behavior, neural reward circuits using fMRI, multiple aspects of the DA 
system collected across three radio- ligand PET imaging sessions, and behavioral sensitivity to the 
drug amphetamine. Using radioligand PET imaging of D2-like receptors and release with [18F]fallypride 
and DA transporters (DAT) with [18F]FECNT in a sample of healthy young and middle-aged adults, the 
project will provide the first whole-brain (midbrain, subcortical, and cortical) examination of the specific 
role of D2 receptors in supporting the core motivational processes underlying cost-benefit decision 
making. We expect to observe differential age effects in both functional neural activity assessed with 
fMRI and DA function assessed with PET. Across imaging methods, we expect to observe some level 
of preservation of function in the ventral striatum and midbrain. However, we expect to observe larger 
age differences in lateral cortical D2 receptors, striatal and ventromedial prefrontal DA release, and 
DAT expression. We expect these neurobiological age differences, especially in medial prefrontal and 
striatal networks, to be associated with decision making, such that individual differences in the function 
of these systems are associated with individual differences in the tolerance of effort costs. We will also 
include an amphetamine challenge to examine the influence of DA release on decision preferences. 
This will be the first study of human age differences in DA release, and the first study of DA drug effects 
on decision making across adulthood. The parallel use of the DAT ligand [18F]FECNT will allow us to 
uniquely assess the relative and possibly synergistic impact of presynaptic and postsynaptic DA 
variables, and to further provide a unique assessment of the relations between DAT expression and 
amphetamine-induced DA release and the behavioral effect of amphetamine. Beyond contributions to 
the study of human aging, the work will clarify the neural substrates of cost-benefit decision making 
across adulthood. This multimodal, adult developmental approach has the potential to more precisely 
characterize the neurobiological systems involved in motivation and decision making, and has the 
potential to identify focused targets for future interventions. 
 
PUBLIC HEALTH RELEVANCE: The proposal aims to characterize individual and age differences in 
motivation and decision making in young and late middle-aged adults using multimodal neuroimaging 
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techniques. This work will form the basis of a translational research program on decision making over 
adult development, and has the potential to eventually facilitate identification of specific markers for 
suboptimal decision making in adults of all ages to inform the design of appropriate interventions. The 
long-term goal of this line of research is to improve the physical, emotional, and financial health of all 
adults by improving decision making at the individual level. 
 
CRITIQUE 1: 
 
Significance: 2 
Investigator(s): 1 
Innovation: 2 
Approach: 4 
Environment: 1 
 
Overall Impact: The proposed project plans to investigate how changes in the dopamine system 
modulates decisions as people approach retirement and must decide whether to retire early or delay 
their retirement age. It is argued that a key factor in making this decision is the lack of tolerance for 
effort (or lack of motivation) due to a decrease in dopamine functioning with functioning, and that this 
decline is perhaps one of the key reasons that people do not opt for later retirement despite increased 
longevity. At least one way to improve tolerance for effort is a challenge treatment with d-Amphetamine. 
Regardless of whether one needs to treat the entire pre-retirement age population with dopamine 
agonists in order to postpone retirement is a practical matter or not, the fact is that such research 
provides a highly promising direction that will exert a sustained, powerful influence on the field. The 
investigative team is very strong, with skills in the areas relevant to the proposed work. The study uses 
a combination of behavioral approaches that are rooted in animal studies and later finessed in 
paradigms of behavioral economics, and it uses a combination of MRI and PET techniques with 
receptor radioligands in order to examine the dopamine function. Also noteworthy is the use of a 
challenge with a dopamine agonist (d-Amphetamine) and observing brain and behavioral changes as a 
result of this challenge. Altogether this provides a sound approach. The one issue that dampens 
enthusiasm is the lack of acknowledgment that dopamine may not be the only neurotransmitter 
involved (others also play a role). Also while the research focuses on the loss of effort to pursue 
delayed gratification (or the cost that one has to pay to reach a benefit), it does not acknowledge other 
conceptual work in this area showing that similar choice behaviors could be linked to a decline in neural 
systems that mark the future consequences of a decision (as opposed to the immediate ones) with a 
positive or negative value (i.e., when there is an immediate cost, the prefrontal cortex (via the DA 
signals) fails to provide a positive signal that marks a potential future benefit). Other than that, the 
research team and environment is conducive to the success of this project. The project is highly 
significant because it addresses a very specific substrate in the brain that could be a target for 
intervention or therapy, and with observable behavioral changes. The project is also innovative 
because it brings back a combination of methodology that directly examines dopamine function as 
opposed to just inferring these functions through indirect computational methods of fMRI that has 
become popular in recent years. 
 
1. Significance: 
Strengths  

 The project addresses an important problem that is health related and with high economic cost 
to society. 

 The project introduces neuroscientific approaches that are rooted in brain sciences from both 
animal and human studies, with potential to advance our understanding of the brain changes 
that reflect changes in decision-making functions across the life span. This could help a critical 
barrier to progress in the field that seem to be due recently to a strict computational/digital and 
modeling approach to the brain using fMRI methodology. 

Gregory


Gregory


Gregory
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 If successful, the proposed work helps identify a specific pharmacological target in the brain that 
could be linked to the decision-making behavior in question. This has potential to provide 
important new inferences about decision-making across the lifespan, including underlying 
cognitive and motivation processes. More importantly, this work has potential to identify 
pharmacological interventions that could reverse impaired decision-making in older adults. 

Weaknesses 
 None noted 

 
2. Investigator(s): 
Strengths  

 The investigative team contains strong synergy across a number of domains, supporting the 
proposed aims. Experience of Dr. Zald with dopamine imaging and decision-making is 
complementary to Dr. Kessler who is the radiologist who will manage the PET side of the 
equation, and especially the administration of the radioligands. Dr. Ming Hsu's strong 
experience in behavioral economics and decision-making is also complementary. The 
collaboration of Dr. Cowan covers all the medical issues related to screening of participants as 
well as the monitoring of volunteers receiving the d-Amp challenge. Investigators are all well 
published, with strong records of federal funding, increasing confidence in the ability of the team 
to accomplish the proposed work. 

 They have a history of working together as a research team. This raises confidence about the 
resolution of any problem that may arise from the integration of these different approaches. 

Weaknesses 
 None noted 

 
3. Innovation: 
Strengths 

 The study of the pharmacological basis of decision-making in humans has received very little 
attention. This application utilizes novel neuroimaging approaches and methodologies that will 
help understand the role of dopamine in decision-making and how it changes with age. The 
application also provides novel means for possible interventions by manipulating the 
dopaminergic system with agonists. 

 Given the dominance of the field currently by fMRI that strictly uses computational and modeling 
approaches to the brain, the current application provides concepts, methodologies, 
instrumentation, and possible interventions that are novel in the context of financial decision-
making and how it changes with age. 

Weaknesses 
 None noted. 

 
4. Approach: 
Strengths 

 The application relies generally on a well-reasoned and appropriate overall strategy, 
methodology, and analyses to accomplish the goal. This includes going back to knowledge 
derived from animal studies, and then capitalizing on more recent knowledge in receptor 
imaging as well as clinical treatments. 

 There are preliminary studies presented and embedded within the application, which raises 
confidence in the feasibility of the research. 

 The PET approach capitalizes on several different measurements (e.g., baseline levels of DA 
receptor availability; DA release via d-amphetamine displacement; and DAT expression) in 
order to assess dopamine function and its relationship to age and decision-making. 

 The application combines PET and fMRI, and therefore directly addresses DA as opposed to 
just inferring DA function from just activity in brain regions known to contain dopamine terminals. 
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Weaknesses 
 There is a lack of acknowledgment that dopamine may not be the only neurotransmitter involved 

in these effects. Others like serotonin (and probably Ach and NE) could also play a role, albeit 
that it is much more difficult to study these systems in humans. 

 While the research focuses on the loss of effort to pursue delayed gratification (or the cost that 
one has to pay to reach a benefit), it does not acknowledge other conceptual work in this area 
showing that similar choice behaviors could be linked to a decline in neural systems that mark 
the future consequences of a decision (as opposed to the immediate ones) with a positive or 
negative value (i.e., when there is an immediate cost, the prefrontal cortex (via the DA signals) 
fails to provide a positive signal that marks a potential future benefit).  

 Rationale for certain predictions was not provided with clarity. For instance, one of the 
�����������������������������#
��� ����������������������������������������������������
receptors in middle-�����������$���������������������������������������������������������
receptors (or receptor downregulation) when the neurotransmitter is too high (the reduction is a 
compensation for the increased NT activity), and the reverse happens when the 
neurotransmitter is too low. Therefore, it is not clear whether this expected reduction in 
receptors is due to elevated dopamine activity (which is opposite to the proposed hypotheses), 
or perhaps due to general neuronal loss that contains DA receptors (thereby reducing the 
overall number of DA receptors), or perhaps a reduction in DA autoreceptors (which tend to 
inhibit DA release) as a means to offset or compensate for reduced neurotransmitter synthesis.  

 
5. Environment: 
Strengths 

 The environment is strong.  
Weaknesses 

 None noted. 
 
Protections for Human Subjects: 
Acceptable Risks and/or Adequate Protections 

 The compensation of the subject seems a bit high (about $750 total or $30 per hour). This 
raises some concern in that many people may participate in the study because of the lure of the 
money as opposed to being completely voluntary. The rule of thumb is that this compensation 
should reflect the amount of work involved with the participation, but not too high to be enticing. 
This is not a major concern especially if the IRB at Vanderbilt approved this, but it is an issue 
that deserves mentioning. 

 
Inclusion of Women, Minorities and Children: 
G1A - Both Genders, Acceptable 
M1U - Minority and Non-minority, Unacceptable  
C1A - Children and Adults, Acceptable 

 Given the low number of Hispanics because of demographics, there is no clear plan or 
motivation to over-recruit from the 5% Hispanic or Latino available in the area. 

 
Vertebrate Animals: 
Not Applicable (No Vertebrate Animals) 
 
Biohazards: 
Acceptable 

 Radioactive ligands and investigational drugs are used but proper safety procedures are in 
place and approval from institutional committees is obtained. 

 

Gregory


Gregory


Gregory


Gregory


Gregory


Gregory
Middle aged subjects often working. Require higher level of compensation for participation. Based on 10 years of experience working with this age range in Carstensen lab at Stanford.
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Budget and Period of Support: 
Recommend as Requested 
 
 
CRITIQUE 2: 
 
Significance: 3 
Investigator(s): 1 
Innovation: 1 
Approach: 6 
Environment: 1 
 
Overall Impact: The proposed study seeks to explore age-related changes in dopamine function and 
DAT receptor function and to relate these to changes in fMRI activity and behavior on two reward-
related tasks: the Monetary Incentive Delay (MID) task, and an effort-reward based integration task. 
The study is significant and innovative. The investigators are exceptionally strong. There are some 
weaknesses in the approach which detract from these strengths. 
 
1. Significance: 
Strengths  

 The potential significance of this work is high as understanding how dopamine function changes 
with age in the striatum and prefrontal cortex is an underexplored area of research. The 
proposed studies could provide important new information about the role of modulatory 
neurotransmitter function in cognitive decline. 

 Furthermore, the linking of dopamine function directly with performance on reward-related 
choice tasks could further our understanding of how dopamine function impacts reward-related 
behavior, as well as further understanding of how this relationship might change with age. 

Weaknesses 
 One issue is whether any changes observed in dopamine to behavior and dopamine-to neural 

responsivity are specific to the reward-related tasks used or pertain to function across a much 
wider domain. Inclusion of an additional cognitive (non-reward-related) measure (e.g., n-back 
task or similar) might help to establish the generality of the findings which would add to the 
significance. 

 
2. investigator(s): 
Strengths  

 The principal investigator is a leading authority in PET studies of reward and motivation, and in 
the neurobiology of reward. The co-investigators and collaborators are all excellent and ideally 
suited to enabling this project to reach fruition. 

Weaknesses 
 None Noted 

 
3. Innovation: 
Strengths 

 The multiple PET assessments of dopamine function alongside fMRI studies on related tasks is 
a significant innovation. 

 Tracking of age-related changes in dopamine function in this multi-modal approach is highly 
innovative 

Weaknesses 
 None Noted 

 
4. Approach: 

Gregory


Gregory


Gregory
that's why we have all the other cognitive measures as covariates.



1 R01 AG043458-01 7 ZRG1 PSE-D (80) 
ZALD, D  
 

!

Strengths 
 The PET method seems thorough and feasible, especially given the principal investigator has 

published extensively using similar methods in the past. 
Weaknesses 

 First of all, while the MID task is certainly a commonly used task for probing reward-related 
function it does have some significant drawbacks: there is a motivational confound in that 
participants are required to make a speeded response in order to obtain the reward for each 
incentive level and they are by definition more motivated to respond for the higher versus lower 
incentive levels. Secondly, the task misses out on some other key variables related to striatal 
and vmPFC function such as prediction errors, as well as the role of vmPFC in encoding 
expected reward which is revealed in many other reward-related tasks. It might be advisable to 
supplement the MID task with another task sensitive to these other reward-related signals. 

 Secondly, and more seriously, the proposed effort task seems hopelessly confounded, because 
high effort and high reward and low effort and low reward are by design highly correlated. This 
task therefore does not allow one to determine whether observed activity relates to differences 
in effort processing or differences in processing highs versus low rewards. If a difference is 
found between ages on th��������������%����������������������������������������������������
effort processing or simply a change in processing of and behavioral sensitivity to high versus 
low rewards.  

 	�����������������������������������������������������������#�������������!$�����#��!�����������$�
are actually dissociable in the design used. In principle these things ought to be dissociable " 
one might be able to perform a high physical effort task (such as mowing the lawn) which has a 
high probability of success (and hence is not difficult), while another task might be extremely 
challenging in terms of its difficulty (in terms of probability of success), but yet not requiring 
extensive physical effort. Here, it seems like the participant may or may not succeed in reaching 
the desired response rates " hence difficulty and effort may possibly be confounded. 

 
5. Environment: 
Strengths 

 Neuroimaging and other facilities at Vanderbilt seem appropriate to support the proposed 
research 

Weaknesses 
 None Noted 

 
Protections for Human Subjects: 
Acceptable Risks and/or Adequate Protections 
 
Inclusion of Women, Minorities and Children: 
G1A - Both Genders, Acceptable 
M1A - Minority and Non-minority, Acceptable  
C1A - Children and Adults, Acceptable 
 
Vertebrate Animals: 
Not Applicable (No Vertebrate Animals) 
 
Biohazards: 
Acceptable 
 
Budget and Period of Support: 
Recommend as Requested 
 
 

Gregory


Gregory


Gregory


Gregory


Gregory
Not true. MID task does assess prediction errors like every other probabilistic task in the literature where reward amount at outcome doesn't match EV. Task has prediction errors at anticipation and outcome. Also has EV. Cannot dissociate in any tasks in the literature with the exception of Hare et al. Q: Should we try that task?

Gregory
need to come up with combination of trials where these can be orthogonalized
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CRITIQUE 3: 
 
Significance: 4 
Investigator(s): 1 
Innovation: 2 
Approach: 4 
Environment: 1 
 
Overall Impact: The proposed research will document hypothesized changes in the DA system with 
age and how these may impact financial decisions. The project is technically impressive, using fMRI, 3 
PET scans, and an amphetamine challenge to compare DA function across age groups and associated 
behaviors and decisions. The project does excellent basic research, and is likely to find age-related 
declines in DA functioning and associated changes in financial decisions; the broader impact of the 
project on clinical treatment, financial counseling, or psychological interventions is unclear. The two 
tasks used (monetary delay and effort-based money earning) are so ecologically invalid as to yield little 
insight beyond the functioning of the DA system. As a result, the likely impact is moderate. 
Nevertheless, a fuller understanding of the DA system with age is a valuable undertaking. A concern is 
that older adults should be less patient than younger adults as their time horizon is shorter. The 
investigators have not adequately controlled for this (but could) and this is not a major weakness. 
 
1. Significance: 
Strengths  

 The project is likely to find age-related declines in DA functioning and associated changes in 
financial decisions and will provide a fuller understanding of the DA system with age. 

Weaknesses 
 The tasks used and the expected findings are unlikely to change clinical practice or improve 

decision-making. 
 
2. Investigator(s): 
Strengths  

 Accomplished and with track recording doing PET and fMRI. Solid team. 
Weaknesses 

 None noted 
 
3. Innovation: 
Strengths  

 The use of fMRI, PET and dAMP challenge is a comprehensive way to understand how the DA 
system works in the brain. 

 The study is technically compelling 
Weaknesses 

 None noted 
 
4. Approach: 
Strengths  

 Within subjects data comparisons and multiple modalities 
Weaknesses 

 Tasks are ecologically invalid and while they probe the DA system do not reveal much about 
aging and decision-making.  

 
5. Environment: 
Strengths  

Gregory


Gregory


Gregory


Gregory


Gregory


Gregory
one would think, but data don’t show that�
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 Very strong laboratory 
Weaknesses 

 None Noted 
 
Protections for Human Subjects: 
Acceptable Risks and/or Adequate Protections 
 
Inclusion of Women, Minorities and Children: 
G1A - Both Genders, Acceptable 
M1A - Minority and Non-minority, Acceptable  
C1A - Children and Adults, Acceptable 
 
Vertebrate Animals: 
Not Applicable (No Vertebrate Animals) 
 
Biohazards: 
Acceptable 
 
Budget and Period of Support: 
Recommend as Requested 
 
THE FOLLOWING RESUME SECTIONS WERE PREPARED BY THE SCIENTIFIC REVIEW 
OFFICER TO SUMMARIZE THE OUTCOME OF DISCUSSIONS OF THE REVIEW COMMITTEE ON 
THE FOLLOWING ISSUES: 
 
PROTECTION OF HUMAN SUBJECTS (Resume): ACCEPTABLE 
Provisions made for the protection of human subjects from research risks appear adequate. 
 
INCLUSION OF WOMEN PLAN (Resume):  ACCEPTABLE   
The degree of inclusion of women is appropriate. 
 
INCLUSION OF MINORITIES PLAN (Resume):  ACCEPTABLE   
The degree of inclusion of minorities is appropriate. 
 
INCLUSION OF CHILDREN PLAN (Resume):  ACCEPTABLE   
The plan for inclusion of children is appropriate. 
 
COMMITTEE BUDGET RECOMMENDATIONS: The budget was recommended as requested. 
 
 
 
# Ad hoc or special section application percentiled against "Total CSR" base. 
 
NIH has modified its policy regarding the receipt of resubmissions (amended applications). 
See Guide Notice NOT-OD-10-080 at http://grants.nih.gov/grants/guide/notice-files/NOT-OD-
10-080.html.                                                                                                                                            
The impact/priority score is calculated after discussion of an application by averaging the 
overall scores (1-9) given by all voting reviewers on the committee and multiplying by 10. The 
criterion scores are submitted prior to the meeting by the individual reviewers assigned to an 
application, and are not discussed specifically at the review meeting or calculated into the 
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overall impact score. For details on the review process, see 
http://grants.nih.gov/grants/peer_review_process.htm#scoring. 
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