SIGNIFICANCE AND INNOVATION

NIH Definition of Significance
Significance: Does the project address an important problem or a critical barrier to progress in the field? If the aims of the project are achieved, how will scientific knowledge, technical capability, and/or clinical practice be improved? How will successful completion of the aims change the concepts, methods, technologies, treatments, services, or preventative interventions that drive this field?

Rigor and Transparency: Specific attention should be paid to the scientific premise forming the basis of the proposed research (suggested that you either bold the word ‘Premise’ before stating the actual premise, or devote a paragraph related to ‘Premise’ in the significance).  The NIH asks you to consider premise based on:
Strengths of published work or preliminary data crucial to the support of the application
Weaknesses of published work or preliminary data crucial to the support of the application.
How to write significance section

Significance (~1.0-1.5 pages)

The Significance section is a rationale for why you need to do your proposed experiments – in essence a sales pitch
First just try and map out the general arguments without going to the literature.  Use what you know and decide what you want to get across.  You will always be able to find references to back up your argument later.

Do not include unnecessary details that are not directly relevant to your argument for undertaking the proposed experiments.  e.g. if it is not crucial to know the exact dose of drug that was used or how many hours something was incubated for then don’t bother the reviewer with these details, as it only distracts from the major points you are trying to get across.

Try and make this section as least technical as possible – you want a scientist outside your field to be able to read this and say, “Yes, I can see why you need to do this study.”

If possible try and reference each specific aim in order as you work your way through the significance section.

Make clear:

What is known


What is unknown


What is your specific question and why it is important
Write the Background and Significance in three stages

(1) Framework


(2) Skeleton paragraphs


(3) Written paragraphs

(1) Example of Framework
A grant on Sleep Debt, Obesity, and Metabolic Dysfunction

Obesity in Society

Sleep Debt in Society
Insulin Resistance

Lipids and Insulin Resistance

Sleep Debt and Insulin Resistance

A Pro-Inflammatory State and the Development of Insulin Resistance 

Hyperlipidemia and a Pro-Inflammatory State

Sleep Debt and a Pro-Inflammatory State

(2) Example of Skeleton paragraph
Sleep Debt in Society
Sleep is hard to measure compared to glucose or weight.

Consequently less data on sleep than obesity or diabetes

However, we do know that in the 21st century we are sleeping less and sleep restriction causes cognitive impairment

Emerging concept is that sleep debt leads to metabolic dysfunction.

(3) Example of Written paragraph
Sleep Debt in Society
The objective measurement of sleep is a technically demanding and time consuming in comparison to assessments of obesity or blood glucose levels.  Consequently, it is not surprising that we know much less about how we sleep in modern society than we do about the prevalence of obesity or T2DM.  However, there are two general concepts regarding sleep about which there is fundamental agreement.  First, within the last century we have significantly altered the amount of time we spend asleep.  In the early part of the 20th century, the average person slept approximately nine hours per day, whereas in today’s society many people are sleeping for six hours or less per day6.  Second, chronic restriction of sleep, to an average of six hours per day, leads to significant and cumulative deficits in cognitive performance7;8.  Furthermore, there is now an emerging theme - the rationale for this current proposal - that insufficient sleep or sleep debt can independently promote metabolic dysfunction.  It is our thesis that the development of a pro-inflammatory state is a key mechanism linking sleep debt to hyperlipidemia and insulin resistance.
Randolf Hearst – Media Magnate: Tell them what you are going to tell them, tell them, then tell them what you told them.

The introductory sentence in a paragraph should outline in general terms the theme of the paragraph.  It should not include detailed or technical information…this will come out later in the paragraph after the stage has been set.

The concluding sentence of the paragraph is usually the most difficult to write, and many paragraphs in scientific articles and grants often don’t even have a concluding sentence.  However, a concluding sentence to a paragraph is a powerful tool and can dramatically enhance the readability of the text if done well.  The concluding sentence has to fulfill two goals: it has to again reiterate the thoughts of the current paragraph (without simply restating the first sentence of the paragraph) and at the same time direct attention and link to the theme of the next paragraph.  Again as for the first sentence of a paragraph, the last sentence should not include detailed or technical information.

Concluding sentences of paragraphs often start with:

Thus, …

Taken together, …

In short, …

In summary, …

Examples of Introductory and Concluding Paragraphs from O’Donnell R01 – Significance section
SIGNIFICANCE

Significance/Impact of study

Obesity, insulin resistance, and the metabolic syndrome are reaching epidemic proportions in Western society.  

Yada yada yada

What are needed are new forms of therapy that provide effective and sustainable treatment in obese and sedentary people.

Nitrite and Insulin sensitivity
Diets rich in green leafy vegetables, such as the Mediterranean diet, have long been associated with reduced obesity, cardiovascular and metabolic risk, and mortality.  

Yada yada yada

Nitrite has recently been shown to regulate a number of physiological responses including hypoxic vasodilatation, basal blood pressure, angiogenesis, mitochondrial function and cytoprotection after ischemia/reperfusion.

Little is known about the metabolic effects of nitrate or nitrite, although a very recent publication demonstrated that dietary inorganic nitrate reversed several of the features of the metabolic syndrome in endothelial nitric oxide synthase-deficient mice.  

Yada yada yada

We also have complementary preliminary data showing that chronic exposure to continuous hypoxia (CH) also improves insulin sensitivity in obese mice and is associated with increases in circulating plasma nitrite.
Hypoxia and insulin sensitivity

Although there are very few studies examining metabolic function associated with altitude, or CH, there is biological plausibility to support our preliminary observations of improved insulin sensitivity in obese mice.  
Yada yada yada

Thus, studies in humans and animals indicate significant metabolic improvements associated with chronic exposure to hypoxia.
Bioavailable NO and metabolic improvements

Since nitrite is now recognized as an important ‘endocrine’ source of NO6, the metabolic benefits of altitude living or CH exposure may occur through increased levels of bioavailable NO.  

Yada yada yada

An increase in bioavailable NO, as occurs with hypoxic exposure and/or nitrite administration, could impart metabolic improvements through multiple mechanisms.

Potential mechanisms by which hypoxia and nitrite could improve insulin sensitivity

Hypoxia inducible factor-1 α (HIF-1α):  Many of the adaptive responses that occur with hypoxic exposure involve the nuclear transcription factor HIF-1α.

Yada yada yada

In Aim 3 we will separate out the effects of HIF-1α in regulating muscle glucose uptake through extracellular (vascular) versus intracellular (myocyte) pathways. 

Endothelial nitric oxide:  Chronic hypoxia and nitrite may also improve blood flow to muscle by increasing NO in endothelial cells. 

Yada yada yada

In Aims 3 and 4 we will utilize a combination of in vivo and ex vivo approaches in wildtype and HIF-1α+/- mice, incorporating low nitrite diets and pharmacologic blockade of NOS to define the role of HIF-1α and NO in mediating increases in glucose/insulin delivery and direct metabolic effects at the level of the myocyte.
Mitochondrial biogenesis and activity:  Studies now demonstrate that treatment of different cell types with NO donors increases their mitochondrial DNA content and mitochondrial protein expression, resulting in the production of functionally active mitochondria.  
Yada yada yada

Our preliminary data show that nitrite and hypoxia combine to provide a unique, highly efficacious, and pervasive milieu for activation of mitochondrial biogenesis. 
Altered mitochondrial activity has been linked to the development of insulin resistance.  

Yada yada yada

Studies in Aim 4 will determine the contribution of nitrite and hypoxia in altering mitochondrial biogenesis and function.

How to write an innovation section

Innovation section (~0.5-0.75 pages)
NIH Definition of Innovation:

Does the application challenge and seek to shift current research or clinical practice paradigms by utilizing novel theoretical concepts, approaches or methodologies, instrumentation, or interventions? Are the concepts, approaches or methodologies, instrumentation, or interventions novel to one field of research or novel in a broad sense? Is a refinement, improvement, or new application of theoretical concepts, approaches or methodologies, instrumentation, or interventions proposed?
Innovation can be created by the combination of new concepts or approaches within a field.
Innovation can be created through applying established concepts and approaches to a new field 

An approach is to think of innovation as having three potential sources:
Conceptual, which speaks to the significance of your work and relevance/novelty of your hypothesis…usually reinforcing the concepts outlined in the Significance section and can form a nice summary of significance as the opening paragraph of the Innovation Section.

Technical, is what most people consider when they think of innovation

Translational, is innovation related to the impact of your work on drugs, therapies, diagnoses, devices etc.

Many projects will not have all three forms of innovation, but it can be helpful to consider each of these three separately to make sure you explore all options. 
Example of Innovation Section from O’Donnell R01
INNOVATION
Conceptual Innovation – We will examine the novel hypothesis that chronic exposure to CH can improve insulin sensitivity.  Generically, acute hypoxia is linked to stress and pathophysiologic reactions.  However, we propose that when suitably dosed and adequately administered, hypoxia has adaptive responses that improve metabolic function under conditions of obesity and insulin resistance, without any detrimental side-effects.  A second area of conceptual innovation is that exogenous nitrite becomes the predominant source of bioavailable NO under hypoxic conditions and that these combined stimuli interact to potently activate mechanisms that improve insulin sensitivity.   

Technical Innovation – We will utilize a combination of powerful in vivo techniques (FSIVGTT, hyperinsulinemic euglycemic clamp, and muscle glucose uptake in conscious unhandled chronically double-catheterized obese mice).  The quality of our technical approach is evident from preliminary data showing genetically obese Lepob mice with basal blood glucose levels of ~120 mg/dl; a much milder degree of hyperglycemia than previously reported in Lepob mice, consistent with blood draws in unstressed conscious animals.  Moreover, we are the first to develop and validate the FSIVGTT and Minimal Model approach in conscious mice, either lean or obese, providing novel data regarding insulin and non-insulin mediated glucose clearance as well as functional assessment of pancreatic β-cell insulin secretion (Figure 2). 
Translational Innovation – Although our current proposal is entirely focused on understanding basic biologic mechanisms, it is conceivable that nitrite therapy, with or without concomitant mild hypoxia therapy may offer significant metabolic benefits in patients with metabolic syndrome. As a behavioral intervention, hypoxia may represent a practical option for some individuals since humans can live long-term at relatively extreme altitudes and enhance athletic performance by sleeping at night in hypoxic tents.  Indeed, the nocturnal 14% CH that we show improves insulin sensitivity in obese mice is a comparable degree of hypoxia to the summit of California/Utah ski resorts and the live high/train low environment adopted by elite athletes52.  As a pharmacologic intervention, the 5-10 fold increase in circulating nitrite that we show increases insulin sensitivity in obese mice is comparable in magnitude to previous reports in humans administered inorganic nitrate supplementation in a clinical study that lowered blood pressure 5-10 mmHg and protected against endothelial dysfunction27.  Dr Gladwin is now beginning clinical trials of nitrite therapy at the University of Pittsburgh in patients with pulmonary hypertension or stent restenosis.  We are currently in discussions with a DME company to develop technology for safely lowering arterial oxygen saturation to 95-92% (comparable to Denver) using a light weight nasal cannula that can be used comfortably at home or work for application in obese and insulin resistant subjects.  Potentially in obese patients without sleep apnea the mild hypoxic exposure could be utilized at night, analogous to the mild nocturnal CH model we employ in mice.  Finally, it is important to clarify that although intracellular oxygen tensions may be lower in large adipocytes, the overwhelming majority of obese people have completely normal systemic oxygen levels and oxyhemoglobin saturation and would, therefore, be amenable to mild hypoxic therapeutic treatment strategies.
