APPROACH

Made up of two components: (1) Preliminary data and (2) Research design and methods

RESEARCH DESIGN AND METHODS (~50% of Approach Section, 2-3 pages for NRSA)
Basic, Preclinical, or Translational Studies
Aim:  If repeating here, should be exactly what appears word for word on Specific Aims page

Hypothesis: If repeating here, should be exactly what appears word for word on Specific Aims page

Rationale (you could call section ‘Premise’ to address new Rigor requirements):  The rationale allows you to pull together information presented in Significance and Preliminary Data sections to provide a compelling argument/premise to pursue the proposed experiments

Study Design:  This needs to be most detailed for the first Specific Aim, whereas later Specific Aims may reference back to Specific Aim 1, if needed.  It is often useful to show figures with experimental groups/protocol etc.

Sometimes you can set up protocols in the form of questions that are much more intuitive to interpret than the more formal hypotheses presented in the Specific Aims section.  For example: Is the increase in glucose uptake in muscle cells dependent on enhanced insulin responsiveness?  Then launch into the protocol for testing this question.  Really just a way to repeat hypothesis, but usually easier to read.

Experimental Groups
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It is often useful to list (or create a table) outlining your independent variables and your primary and secondary dependent variables.

Statistical Analyses and Sample Size Calculations: Can either be specific for each aim or a generic section at the end of the research design section (given the new Rigor and Transparency requirements it is probably best to put at the end of the section under a separate heading—see below).  As brief as possible for basic science studies, but for clinical studies this is a more important and detailed section.
Generic Power Calculations/Statistics (see Nouraie if you need help beyond what your mentor can provide).
Estimate of animal use: For any single measurement (the dependent variable), the appropriate n will depend on the amount of variation present.  However, our previous experience of metabolic analysis demonstrates that an n of 7 animals is normally required for statistical significance to be attained.  Applying a power analysis that assumes a confidence level of 95%, a difference between groups of 40%, and a scatter (sigma) of 25% will give an 80% probability of finding a difference between groups with 7 animals.  In some cases, if the scatter increases to 30% or if animals do not adequately recover from surgery for an experiment to be performed, the number of animals/group will increase to 10.  Based on previous experience we expect this to be the case in ~15% of our experiments.  Thus, we will assume a requirement for 7 animals/group in 85% of our experiments and 10 animals/group in 15% of our experiments.  We estimate that there are a minimum of ~72 mouse groups in this proposal.  Thus, the minimal animal requirements for experimental purposes (not including breeding) in this proposal will be ~540 (62x7 +10x10).
Statistical analysis: One way and repeated measures analysis of variance (ANOVA) will be used where appropriate to compare multiple groups within and between experiments.  Post-hoc analysis using Student-Newman-Keuls multiple comparisons tests will be run when the ANOVA indicates that significant differences (P < 0.05) exists between groups.  Where appropriate unpaired Students t-tests assuming equal variance will be used.  Our group commonly uses these analysis methods.

Anticipated Results/Interpretation:  This section is REALLY important and gives you an opportunity to show how thoughtful you have been about the experiments and how tightly controlled the experiments are – in other words you have thought through every possible outcome of the study (not just your primary

hypothesis) and what it means.  For example, you are studying the impact of a new drug X on insulin sensitivity and blood pressure, with the primary hypothesis that both will be improved - there are four main outcomes possible:

(1) Drug X increases insulin sensitivity and lowers blood pressure – the primary hypothesis

(2) Drug X increases insulin sensitivity, but does not lower (or increases) blood pressure

(3) Drug X does not change (or decreases) insulin sensitivity, but lowers blood pressure

(4) Drug X does not change (or decreases) insulin sensitivity and does not lower (or increases) blood

pressure

You don’t have to give equal attention to all outcomes, but you do need to acknowledge them. For example, you may say that (3) and (4) are highly unlikely outcomes based on the published literature and your own preliminary data.

You have the opportunity to discuss secondary outcomes and how they may help with interpretation of

your data if your primary hypothesis is not supported (e.g unexpected increases in counter-regulatory

hormones with exposure to drug X may account for the lack of an increase in insulin sensitivity).

You can also discuss across aims and link the interpretation of a potential outcome in Aim 1 to the

results of later aims.
It is important to show that your aims are not inter-dependent (e.g. if you don’t see a phenotype in the

KO mouse you are studying in Aim 1 then the subsequent mechanistic studies in Aims 2 and 3 are still
worth pursuing), but they should be inter-related. This section should be at least half of a page for the first Specific Aim.

Example

Anticipated Outcomes:  Based on our Preliminary Data we predict that nocturnal 14% continuous hypoxia (CH) will result in significant improvements in insulin sensitivity, associated with increased mitochondrial biogenesis. We anticipate that for any given CH protocol the absolute improvement in insulin sensitivity in the two models of obese mice will be at least as great as seen in lean mice.  Given that the obese mice will start with lower insulin sensitivity than control mice, there is potentially more room for improvement in metabolic function with long-term CH exposure.  It is difficult to imagine a scenario in which the absolute increase in insulin sensitivity after CH exposure is less in obese mice than lean mice, although the absence of leptin in the Lepob mice is one possibility. 

On face value, it would be predicted that if C57BL/6J mice were fed a high fat diet and weight-matched to Lepob mice then the metabolic benefits of nocturnal CH would be the same for both forms of obesity.  Although they share an otherwise common genetic background, the absence of functioning leptin in the Lepob mice could remove one potential source of insulin sensitization – for example, leptin has a HIF-1α response element that has insulin sensitizing properties56.  Thus, it is plausible, if leptin does contribute to insulin sensitization with CH that Lepob mice will show less improvement in insulin sensitivity than weight-matched mice with diet-induced obesity.  Although we are not proposing a mechanistic role, the inclusion of both genetic and diet-induced obesity models will allow direct insight into whether leptin can affect insulin sensitivity in CH.

 We anticipate that 12 hr nocturnal CH exposure will be equally, or potentially more, effective at inducing mitochondrial biogenesis and improving insulin sensitivity.  If nocturnal exposure is more effective than 24 hr exposure we will conclude that some aspect of the daily re-oxygenation is stimulating mitochondrial biogenesis/insulin sensitivity and would open up a new area for future research.

If improvements in insulin sensitivity are not mirrored by increases in mitochondrial biogenesis this would suggest the presence of alternative alternative/complementary mechanisms as discussed below under Alternative Approaches.  However, based on the three-fold increase in PGC-1α expression we see in skeletal muscle with four weeks CH exposure, we expect that mitochondrial biogenesis will be associated with an increase in ex-vivo muscle glucose uptake.  Finally, it is possible that increased PGC-1α expression may increase glucose disposal independent of any affect of mitochondrial biogenesis and improved insulin sensitivity.  For example, hypoxic activation of PGC-1α may increase GLUT4 translocation to the cell membrane34, potentially mediating an increase in non-insulin-mediated glucose uptake.  Such a scenario would be evident as an increase in Sg (insulin-independent glucose uptake) and highlights the interpretive power of our dual FSIVGTT and clamp metabolic assessments.

Limitations/Alternative Approaches: This is tricky and you have to acknowledge possible issues that may

arise with the experiments, while at the same time not exposing a fatal flaw! It is best if you have a

sensible plan for an alternative approach where necessary. It is good to have at least three or four

limitations for the first specific aim.
Example
We do not anticipate any complicating effects of weight differences between experimental groups since our paradigms of moderate CH exposure and exogenous administration of nitrite did not affect weight gain in our preliminary studies.  However, between experimental groups of lean mice, diet-induced obese mice, and genetically obese mice it will not be possible to age-match all groups.   Since we consider diet-induced obesity a more relevant model from a translational perspective than genetic obesity in the Lepob mice, we will age-match the lean (~25-30 g) and high-fat fed (~45-50 g) C57BL/6J mice at 14 weeks of age for analyses.  We will next weight-match the fourteen week old high-fat fed mice to approximately 10 week old Lepob mice weighing ~45-50 g on a regular chow diet.  If unexpectedly we find that insulin sensitivity is not improved as much in Lepob mice as in diet-induced obese mice in response to nocturnal CH, then to eliminate any effects of age we will slightly food restrict the Lepob mice so that they are age-matched at 14 weeks and weight-matched at ~45 g in both obese groups (note: this scenario also carries a caveat that slightly food restricting Lepob mice may have metabolic consequences that will need to be considered in interpretation of data).

Research Methods

With the restricted page limit, Research Methods should be kept to an absolute minimum. All published

techniques should be referenced out and any unpublished techniques presented in preliminary data

should be acknowledged. Ideally, you would like to be able to make a statement along the following lines:

All the animals required to conduct the studies outlined below are available commercially through

Jackson Laboratories (Bar Harbor, ME) and we have either published48;52-58, or provided Preliminary Data

above, demonstrating our ability to measure all the outcome variables proposed for Aims 1-4.

If it is essential to the grant that you have to include techniques, make them as short and concise as

possible.
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Timeline: Including a timeline can make the grant look well 

planned and thought out. Sometimes a figure can work,

although with the shortened applications there just may not be

any room. If you do include a timeline, there should be logic to

the timetable (e.g. studies that require breeding new animals

should be left to later years).

Future Studies:

This is an opportunity to show that you have a long-term plan and that this grant is the basis for future

work – can be particularly important for training grants, especially K-awards, with a view to the first R01.

Also finishes the grant on a scientific note after the very dry Research Methods section.

Example
A long-term focus will be to expand on the sleep restriction and food intake studies that are the basis of

Specific Aim 3B. The ability to directly study the hypothalamic actions of anorexigenic and orexigenic

agents on food intake, in the presence and absence of sleep restriction in a murine model, has many

potential exciting applications. In the current proposal we have focused on the i.c.v. effects of insulin and

leptin in regulating food intake, since we have a strong background and history of working with these two

hormones. However, there are many other fascinating factors that likely have important actions

regulating food intake in the context of sleep debt. For example, orexin is an important hypothalamic-signaling molecule that plays vital roles in both sleep homeostasis and regulation of food intake134. Another area we would like to explore, and this was alluded to in the discussion of Pitfalls for Specific Aim 3B, is the effect of sleep debt on the choice of nutrients. The recently published study of Ortmann et al.128 details a murine model of self-selected macronutrient diet, in which animals are able to choose food from three sources that are exclusively carbohydrate, fat, or protein, but otherwise balanced for vitamins and minerals. These studies would allow us to explore a more complex form of eating behavior than just total food intake on a regular or high fat diet. In conclusion, the relationships between sleep debt, obesity, and metabolic dysfunction are an important and understudied area, and we are positioning

ourselves through a combination of sophisticated models and collaborative interactions to exploit the

potential of murine genetics to gain unique mechanistic insights.

Rigor and Transparency (starting sometime in 2017)

Description of how the experimental design and methods will achieve robust and unbiased results.
You can include description of statistical approach and power calculations under Rigor and Transparency.

Explain how relevant biological variables, such as sex, are factored into research designs and analyses for studies in vertebrate animals and humans. Strong justification is required if proposing to study only one sex

Example

Mouse Studies: We will perform studies in both male female mice of identical age and will block randomize mice into groups in Aims 1 and 2 to minimize bias and produce robust results. We are testing sex as a variable as sex-specific differences have been noted in inflammasome activation in prior animal models.
 HYPERLINK \l "_ENREF_54" \o "Ganz, 2014 #99" 
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 We will have sufficient power in our proposed studies to detect differences in our primary outcomes between sexes. Randomization will help control for any biologic variables that may vary between batches of mice. Knockout strains are crossed in a background that is similar to our wild type strain (C57BL/6J, Jackson Laboratories) which will help to limit effects of additional strain specific biologic variables.

Pilot Interventional Study: Participants will be randomized into control or interventional groups as described above. Enrollment of 20 patients per group will enable sufficient randomization to minimize risk of unbalanced baseline characteristic. Study investigators will perform blinded analysis to minimize risk of bias.

Vertebrate Animals/Human Subjects

This should be thorough and may repeat information in Research Design and Methods…remember that

this does not count in the page limit. You have to be careful not to include science in these sections.

With the shortened grants some applicants are using the human subjects/vertebrate animal section to

include data/strategy etc. However, there is no reason you can’t give detailed descriptions of numbers of

animals etc. that may make the grant ‘tight.’

Example

1. Description of Procedures
Can be helpful to provide detailed description of number of animals for each aim that matches what is in the Research Design section

Number of Animals

Based on our power calculations described in Research Design we will require the following numbers of animals for each aim:

Aim 1: A total of 3 (pattern of hypoxia: room air; nocturnal 14% CH; 24 hr 14% CH) x 3 (strains: lean C57BL/6J; obese C57BL/6J mice; obese Lepob) x 3 (outcomes: clamp; FSIVGTT; ex vivo muscle glucose uptake) = 27 groups x 10 animals per group = a total of 270 animals; 180 C57BL/6J mice and 90 Lepob mice.

Aim 2: A total of 3 (exposures: vehicle; nitrite; nitrite + CH) x 2 (strains: lean C57BL/6J; and either obese C57BL/6J mice or obese Lepob based on results of Aim 1) x 3 (outcomes: clamp; FSIVGTT; ex vivo muscle glucose uptake) = 18 groups x 10 animals per group = a total of 180 animals; 90 C57BL/6J mice and either 90 obese C57BL/6J or 90 Lepob mice.

Aim 3a: A total of 2 (exposures: high and low bioavailable NO with CH) x 1 (strain: either obese C57BL/6J mice or obese Lepob based on results of Aim 1) x 3 (outcomes: clamp; FSIVGTT; ex vivo muscle glucose uptake) = 6 groups x 10 animals per group = a total of 60 animals; either 60 obese C57BL/6J or 60 Lepob mice.

Aim 4a: A total of 1 (exposure: nitrite + CH) x 2 (strain: wildtype; B6.129X1Ppargc1αtm1Dpk/J mice) x 3 (outcomes: clamp; FSIVGTT; ex vivo muscle glucose uptake) = 6 groups x 10 animals per group = a total of 60 animals; 30 wildtype controls (C57BL/6J) and 30 ei B6.129X1Ppargc1αtm1Dpk/J mice). Note: B6.129X1Ppar.gc1αtm1Dpk/J are commercially available from Jackson laboratories

2. Justifications

3. Minimization of Pain and Distress

4. Euthanasia
Clinical and Epidemiological Studies

Description of Cohort – Established Cohort/Recruitment/Screening (inclusion/exclusion) flow chart

Protocol/Experimental Design – Detailed description of the study design that may include table of exposures and outcomes as well as diagram detailing timeline and procedures. Maybe specific for each aim or more global for whole study.

Research Methodology – Description of assessment of outcomes…try and keep to a minimum, especially if you already have publications detailing proposed methods. Maybe specific for each aim or more global for whole study.
Sample size and power analysis – extremely important in clinical and epidemiologic grants. Should be a detailed section and usually requires expert statistical consultation (e.g. Nouraie or CTSI statisticians)

Statistical Approach – data management, quality control, statistical analyses of primary and secondary outcomes (important section requiring statistical consultation and may involve separate descriptions for each aim).

Anticipated Results/Interpretation as well as Limitations/Alternative Approaches requires the same attention to detail as described above (potentially less technical if fewer outcomes are involved).

Timeline and Future Studies as described above

Protection of Human Subjects

Human subjects involvement and characteristics – inclusion/exclusion/recruitment/protocols…may repeat details from Research Design and Methods, but potential to give more thorough description in human subjects section

Adequacy of protection against risks

Data safety monitoring and adverse event reporting

Potential benefits of proposed research

Importance of knowledge to be gained

Inclusion of women and minorities – Need to pay attention to inclusion of women and minorities and justify if they deviate from percentages in general population

Targeted/Planned Enrollment Table – Make sure the table is realistic as the NIH will hold you to meeting the proposed recruitment numbers that appear in the table

Inclusion of Children – If children (<21 yrs old) are not to be included there must be a sound rationale/explanation
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