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				Praise for Push

			

			“Technology today gives us the ability to shape training around the uniqueness of every individual—their body, their dreams, their aspirations. When exercise speaks this personal language, it delivers results that inspire, and those results ignite the deepest motivation. Dr. Jordan D. Metzl’s Push captures this spirit, reminding us that movement is not only science—it is the poetry of health and longevity.”

			—Nerio Alessandri, CEO and founder of Technogym

			“Motivation is the bridge between medical advice and measurable outcomes. When patients find a reason to move, exercise becomes the most reliable prescription we have—extending healthspan, preserving muscle, and quieting the inflammation that fuels chronic disease. In Push, Dr. Metzl shows us that medicine works best when our patients move. Motivation turns ‘I should’ into daily action—and those small, consistent pushes add years to life and life to years.”

			—Bryan Kelly, MD, MBA, president and CEO of HSS, Surgeon-in-Chief Emeritus, Chief Emeritus of the Sports Medicine Institute, and the Ellen Wright Chair in Musculoskeletal Research

			“Push is overflowing with Dr. Metzl’s boundless enthusiasm for movement. He is one of the rare physicians who lives in the worlds of both fitness and medicine. His goal: Healthy longevity for all.”

			—Robert Sallis, MD, former president of American College of Sports Medicine and team physician of Los Angeles Clippers and Los Angeles Football Club

			“I have watched Dr. Metzl build a fitness community of thousands where he teaches others to embrace their fitness motivation. Push is a must-read for those who are looking to find their own ‘get up and go’ personal consult with Dr. Metzl.”

			—Daphne Scott, MD, service chief of Primary Sports Medicine and former orthopedic and sports medicine consultant of UFC

			“The critical importance of motivation is summed up well by the famous Nelson Mandela who said, ‘Do not judge me by my successes, judge me by how many times I fell down and got back up again.’ Push makes clear the incredible importance of motivation for individuals to start and then maintain a personal fitness program. This book explores the scientific underpinnings for motivation, providing key insights to help keep you motivated to pursue a healthy lifestyle!”

			—Scott Rodeo, MD, head team physician of New York Giants Football and prior head team physician of U.S. Olympic Swimming Team

			“Jordan Metzl has inspired and strategically encouraged us to transcend the boundaries we once believed limited our physical capabilities. In Push, he masterfully uncovers the hidden elements that drive our exercise and physical activities, delving into the essential emotional and mental components that define our performance. This book is not just an exploration, it’s a revelation that empowers readers to redefine what they can achieve!”

			—Karen Sutton, MD, team physician of U.S. Ski & Snowboard and team physician of USA Lacrosse
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			This book is dedicated to the blessed memory

			of my dear father, Dr. Kurt Metzl, who taught me how to push myself in mind and body.

			This knowledge not only helped me succeed but taught me how to push my patients and community to succeed as well.

			Victories I have achieved are due in large part to his relentless perseverance and all-encompassing support.

		

	
		
			
				You must be the change you wish to see in the world.

				—Mahatma Gandhi

				Commit to getting off your ass.

				—Jordan D. Metzl, MD

			

		

	
		
			
				
					Introduction

				

				Movement: A Love Story

			
			Alice, a college professor, has been coming to me for years. When she was in her late sixties, she experienced a two-year span where she lost her husband, received a breast cancer diagnosis, and fell into a deep depression, during which she had to simultaneously mourn her partner and her life as she knew it.

			Of course, we all know that as our age creeps forward and years pile up, life tends to take more than it gives. But this was almost too much. As she later told me, “I just didn’t know what the point of life was anymore.”

			When living reaches the point of pointlessness, there’s not a lot you can say to that person. “It’ll all be okay.” Yeah, no. Call it whatever you want, the end of the line, rock bottom, Alice had reached that point of pointlessness. So, you know what she did?

			She went for a walk, which turned into a slow run.

			This smart, accomplished woman who had been hollowed out by loss and disease tied her sneakers and went out the door.

			She didn’t pull a Forrest Gump and run to the opposite ocean and back. But after her run that day—which in truth wasn’t all that long—she went out and did it again the next day. She ran and she kept running to fight her disease, aid her recovery, and stare down her sadness.

			After some months, she entered a race. And another race after that. Then, at age seventy, with her cancer and depression in remission, she ran her first marathon. After that, she ran another marathon. As of this writing, Alice has run fifteen marathons.

			She comes to me with the classic aging endurance athlete issues, usually achy knees. But we also talk. Over the years, I’ve gotten her started on a strength-training program to prevent losing muscle (heck, she increased it) and protect her bone density. So now she’s a fully engaged, wildly independent, seriously motivated eighty-something who runs 26.2 miles and teaches a kettlebell class. Now she’s motivating people.

			But that first day—that first run. Why did she do that?

			Why?

			On my first day of medical school, in the first lecture, the logic of becoming a doctor was explained to me the same way it’s explained in medical schools around the world. The practice of medicine, from the time of Hippocrates in ancient Greece up to today, tells us to always ask the first and most important question: Why? This question, so simple and yet so incredibly important, is the basis of medicine. Why did the patient spontaneously lose consciousness, why does her shoulder hurt, why is he having headaches? Without first wondering why, we can never search for an answer. Sometimes the answer is obvious and sometimes hidden. But we must always ask.

			Why?

			When it comes to motivation, the why is especially murky. When we tell patients what to do to improve their health, from undergoing routine screenings to staying away from certain vices to taking critical medications—and even then they don’t do any of it—it’s difficult to understand why people make unhealthy choices.

			Then some patients take the opposite approach. They start a healthy behavior such as walking ten thousand steps per day, and over years they push to meet that goal. They lift weights, they swim, they dance. They become Alice. They’re not dissuaded by rain or snow, they keep going, day after day, month after month, year after year.

			Why?

			As a sports medicine physician who is not only taking care of patients but also trying to get them to move every day to maximize their health, I have learned over time that the great white whale of compliance—sticking to a good thing no matter what—is creating healthy motivation in my patients. Why do some people commit to movement while others struggle? More important, what can I do to better understand and encourage people to embrace their own fitness motivation?

			If I had the quick answer to this question, I wouldn’t have had to write this book. What I’ve found is that fitness motivation is an incredibly complex subject. When you ask this particular “why,” you can’t just say “because I said so.”

			You have to look for clues, and what you’ll learn is that each of us has our own unique set of clues big and small. This book, drawing on my own experience as a sports physician, fitness instructor, educator, and athlete, is an attempt to better understand and master the complicated world of fitness motivation.

			Alice is our first clue.

			Why did Alice go out for that run?

			She didn’t know it at the time, but it was about falling in love again.

			Looking for a Great First Date

			Imagine you are exactly as you are now—except for one difference. You move as much as a typical three-year-old.

			How would your average day be different?

			You’d park your car and run to the grocery store entrance. You’d run upstairs when it’s time to bathe (or maybe you’d stomp your feet with exaggerated high-knee steps the whole way). You’d sprint to the potty because you’re so lost in whatever activity you’re doing you forgot you had to go.

			At work you’d swing your lower legs while you sit in your chair. You’d roll your chair around your office too. You might even spin your chair around during meetings. Co-workers would race you to the coffee machine. On home-office Zoom calls you’d be the one having to mute yourself because of your literal bouncing off walls.

			Sofa time in front of the TV would involve more endless leg swinging and eventually rolling around from one end to the other (possibly even a somersault or two) and watching your favorite show while hanging your head upside down off the sofa cushion.

			At bedtime, foreplay would begin with a few minutes of jumping up and down on the bed. After that, it might get really interesting.

			My point: A three-year-old is in love with movement.

			Most adults hate it.

			52%

			U.S. adults who meet the Physical Activity Guidelines for aerobic physical activity

			35%

			U.S. adults who meet the Physical Activity Guidelines for muscle-strengthening activity

			28%

			U.S adults who meet the Physical Activity Guidelines for both aerobic and muscle-strengthening activity[1]

			Right there—that shift that probably begins somewhere in our teen years, that evolution from wanting to move all the time to never wanting to move for any reason, explains the general poor health of our society.

			It explains how you feel right now.

			Somewhere along the line, you fell out of love with movement.

			Why? That’s a complicated answer and it’s in this book. But my goal is clear. I want you to fall in love with movement again.

			My relationship with movement can be classified as a sizzling love affair. I can’t quit movement. I’m Gomez, my workouts are Morticia. If I can’t move, I don’t feel alive.

			I know I’m an outlier.

			65.3 million

			Number of U.S. adults considered “physically inactive”—25.3 percent of the adult population.[2] Total based on 258 million adults in the 2020 U.S. Census.

			Falling back in love with movement isn’t automatic. It begins with words but requires action. Most of my injured patients are passionate about getting back to regular, healthy movement again. But in almost every case where I’ve seen someone start moving again, I’ve also watched love blossom. The movement makes them happier, fitter, more vital, and more in tune with everything else in their lives.

			I love that Alice found love again, especially in her golden years. She could’ve lived a much shorter life under a dark cloud, going with the negative motivational flow of her body and mind. “It was so easy to disengage,” she says. “Retreating was the only thing that felt right to me. But feeling right didn’t make it right. I knew that. If I wanted to live, I had to do the opposite of what my mind and body wanted me to.”

			The shoes went on her feet. Her feet took her out the door.

			Talk about a great first date.

			Step into My Office!

			And welcome. Think of this book as a nice long consult with me. As of this moment, you stopped being alone in your journey to get healthier. Community, as you’ll soon see, is one of the biggest factors in helping people embrace more positive behavior. So even if you don’t literally join my IronStrength online community, you’re now your very own little part of that community, and, as I said, you’re not alone anymore. You can come here anytime you need a boost.

			As we sit down in my office, I can already guess what you want to talk about. Why? Experience. I’ve been a sports doctor for twenty-five years now and an MD for more than thirty. I can say, conservatively, that I’ve treated more than fifty thousand patients. That’s a lot of knees, backs, and shoulders. I was trained to think of them that way—okay, here’s a case of runner’s knee, how do I fix it—as body parts, or interlocking body parts when, say, knee and calf issues cause ankle and plantar issues. Anatomical puzzles to solve, and I got good at it.

			I’m not the doctor I was twenty-five or even ten years ago, however. Alice, among some other memorable patients I’ll tell you about, is partly responsible for my evolution as a physician. With each patient comes a story—their individual story—and I started paying attention to these stories. I slowly realized that the sore knee wasn’t just a temporary ailment I could help cure. The knee (or the back or the shoulder) was a conduit into the patient’s entire life. (There’s a name for this now—narrative medicine—where physicians take into account all the things that make up a patient’s circumstances, their medical “story.”)

			If I fix Alice’s sore knee, she’s back to training for marathons. If she’s doing that, then she’s also mobile and active in her social life, a full member of her community, making a positive impact on people she interacts with daily. And I realized, whoa—that one sore knee affects a lot of people. The world is literally a better place when Alice’s knee doesn’t hurt.

			That’s mind-blowing.

			Think about yourself: The world is a better place when you’re healthy. Being healthy is great for you, but also for all the people around you.

			Now do the people-math on more than fifty thousand patients. That’s a community the size of a small city—with each individual linked up with their own families and friends and all the people they touch.

			See how this is so much bigger than just a sore knee?

			Find Your Motivational Center

			Add all that up and I’m no longer just a sports medicine physician. I’m a doctor, an athlete, and a fitness instructor, and all of those worlds are constantly intersecting.

			I invited you to step into my office and I meant it. My office has become a motivational center as well as a healing place, a place not just to get well but to get better (so is this book!). And a while back I had an idea.

			I ran my first marathon in 1998. My pledge to myself after my first marathon was to run one marathon per year. I’ve pretty much kept to it. Recently, I looked in an old box in my closet where I throw the race medals that are given out at the end of marathons and triathlons. The box was pretty full. And while I don’t dwell on the races I finish or look back at all those miles logged, I knew this box meant something. It represented, in one tangled mess of ribbons and shiny things, all my motivation to move.

			Another mind-blowing moment for me.

			I needed to share that. And since I wanted my office to have that atmosphere of motivation, I took all the medals and hung them in my office under a placard that says Always Earned, Never Given.

			I wanted to remind myself, and my patients, that the key to fitness success isn’t just doing something once, it’s committing to maintaining activity day after day, year after year, forever. Included in these medals are marathons from this year’s New York City Marathon and from my very first in Boston, where the ribbon is frayed from years of being kept bunched up in the closet.

			In each of these events and the other things I do, there’s always a moment where I ask myself, “Is this really worth it?” I could be sitting on the couch watching football, but instead I’m out here pushing my body. It’s not always easy. In fact, it’s often hard as hell, both mentally and physically, but inside I have a voice that reminds me that it’s always important to keep moving, to keep pushing ahead. Like Dory in Finding Nemo, “Just keep swimming.”

			I want to help you rediscover your own motivational voice. At first glance, this might seem to be only a beginner problem, or something for a person who hasn’t been active recently or maybe ever. Nope. Even a vigorously active person will, at some point, need to fight through unhealthy motivation, and this book will help distill why and how. Example: Me! I’m always either training for some race or maintaining the fitness I already have. Doesn’t seem like I would ever need to push myself for anything, but I do. In my sports medicine practice and in my own fitness life, I’ve taken care of many thousands of patients and run many thousands of miles. What I’ve noticed is if I don’t push myself, over time I lose the passion for it. Even though I love movement, it gets old, it gets tough, it gets repetitive. I force myself to remember: Because of my evolution as a doctor and athlete, I am now armed with much more knowledge about the importance of consistency and intensity. Consistency, doing your exercise day after day, week after week, year after year, is the key to mental, physical, and metabolic health. And part of this equation is not only doing it but also doing it with some level of intensity. I’ve increasingly recognized the importance of intensity in maintaining health across your lifespan.

			My passion for fitness and medicine led to the third part of my career. More than ten years ago, I started teaching fitness classes called IronStrength, focused on building and maintaining functional strength. At first, these classes were a way to keep my muscles strong with a group of like-minded people so I could continue to compete in events (and beat my brother). Over time, the entire endeavor spiraled upward and these classes became a public health initiative to promote exercise and fitness for preventive health. Our workout community morphed into one of the largest physician-led fitness initiatives, a way to get more than ten thousand people each year moving and strengthening in unison. The classes grew from twenty people in the basement of a gym to more than one thousand people on the flight deck of an aircraft carrier, and along with it, so did my passion for harnessing the motivation of a group to encourage the entire community to push ahead.

			My three perspectives—sports medicine physician, athlete, and fitness instructor—have joined together to create this book, Push. I’ve written a handful of previous books, all with an aim to keep people moving, but I’ve never explored the nature of the mental game behind movement. Motivation felt like a logical progression for me. In my world, I tell every patient that I see, and every person who comes to my fitness classes, and every medical student and resident who comes to my office to learn, about the importance of movement for preventive health. The medicine of movement is 100 percent effective for everyone and, unlike any other drug, has no side effects. It works for everyone, young and old, rich and poor. The medicine of movement improves both lifespan (lived years) and healthspan (vitality during lived years). We are also hearing more and more about musclespan, the maintenance of muscle mass over time that affects both lifespan and healthspan. All of this ties into “inflammaging,” the concept that many of the chronic diseases we see, from diabetes to heart disease to certain types of cancer, are related to a chronic inflammatory state in the body. Daily movement and maintaining healthy muscle mass lower the so-called inflammaging effect and extend our healthspan. In my world, we know all of this. But how do I get people to change their behavior? How do I get them moving day after day, month after month, year after year?

			I am constantly encouraging my patients to do more. If I’m seeing you for your shoulder injury, once it’s fixed, I then focus on how we can keep you moving ahead on your playing field of choice. Behind all of this is the science of motivation. What makes some people push while others don’t? What do we know about the different facets of personal motivation? Is it nature? Is it nurture? What can we do to enhance our motivation, to help us all push ahead?

			I wish the science of motivation was as clear as seeing a torn ligament on an MRI. We have to dig deeper. We have to push to understand ourselves.

			I think it’s worth it.

			The Healthspan-Lifespan Problem (and Solution)

			Anyone who scrolls social media will eventually come across some form of the following: An influencer (with little or no medical or science background) will show the world how they’ve beaten the aging process and solved longevity and are spending X amount of money each month to keep their bodies at a biological age of twenty-three. Or something like that.

			This book is not about that brand of “longevity.” I’m not about that brand of longevity.

			I mentioned healthspan and lifespan just now. Humanity’s done a good job extending lifespan over the past one-hundred-plus years, but now we have the Healthspan-Lifespan Gap, which is the number of years between living in relatively good health and death. A 2021 Nature study showed average global life expectancy at about 73.2 years.[3] Meanwhile our average healthspan was 64 years, a gap of 9.2 years. The same researchers published new data in late 2024 showing the Healthspan-Lifespan Gap wider, at 9.6 years globally.[4] But in the United States? 12.4 years.

			Back in 2000? 8.5 years. So the Healthspan-Lifespan Gap continues to widen. And now the U.S. Healthspan-Lifespan Gap amounts to more than 15 percent of our lives spent in deteriorating health. That’s a long time.

			Spoiler alert: Regular exercise can extend healthspan and help close the gap. We want our healthspans and lifespans to be as close as possible.

			Here’s what I mean: I recently saw a patient who is ninety-one years old. He’s in good health, and I don’t believe it’s any coincidence that he bikes four times a week, strength-trains three times a week, and walks three times a week. He came to see me about some hip pain and wanted to be sure he could keep moving as he healed. He’s all better now—and still moving.

			I can’t say how much longer this man will live, but when his time is finally up, his Healthspan-Lifespan Gap will be nearly nonexistent. And he hasn’t done anything special other than stay active and live well. Science bears this out. A 2024 study of nearly 3,700 people found that movement, not just exercise but staying active each day, was the biggest predictor of longevity.[5] You move, you live.

			So we’re not “biohacking” anything here. We’re not spending big money on untested medical theories and procedures.

			I’m about getting out there and moving and having fun.

			I’m about preserving and improving fitness, strength, mobility, balance, and flexibility.

			I’m about preventing disease and increasing vitality through the science-tested power of physical activity.

			I’m about improving mental health through movement.

			I’m about preventing and working around injury.

			Sweat is simple and well earned. And so are exercise’s benefits.

			Don’t make it any more complicated than that.

			Here’s What Being in Love with Movement Looks Like

			Flash back with me to an ordinary Saturday morning in New York City in January 2021. Prime time pandemic. It’s sunny out, but about twenty-five degrees. Through my IronStrength community ties, I set up a one-hour, socially distanced outdoor workout in Central Park. High-intensity total-body strength training, all fitness levels welcome. I didn’t care if two people showed up. I wanted to be out in the air in an open space.

			More than one hundred people showed up. It was January, it was freezing, but a massive group came out anyway. What motivated them? At that hour on a winter morning my main competition for their attention was a warm bed and blanket—and my cold-weather workout won. How? I think it was being cooped up, for one. That made movement feel necessary for them, attractive, enticing, a release to get outside and move even in the cold. But more important, I think it was the sense of community and shared experience. We worked out in the freezing cold, got the air in our lungs, and stayed safely distanced the whole time. We did that together.

			Those are the motivational phenomena that fascinate me. Why them? Why then? What can I do to replicate this in larger settings across distance and with lots more people?

			How do I convince you to feel like that if you don’t get moving you might just burst?

			That’s why we’re here right now. In the end, I have to be better than a doctor to my patients—including my new “reader patients” like you who picked up this book. I eventually boiled down what I learned into a very simple rule:

			Keep the patient pointed in the right direction.

			If I do that, I’m better than just a healer. And my patients—and everyone they touch—are better for it. The world becomes a better place.

			That’s what I’m going to do here: give you the tools you need to realize your own love for movement once again.

			So What Will This Book Accomplish?

			I’m going to simplify movement for you. In fact, I’ll make it so easy you’ll feel silly for not giving it a try.

			We’ll focus on three things.

			First, I’ll help you understand the roots of healthy and unhealthy motivation, how they affect what you do each day, and how to change your choices for the better. Consistent, healthy motivation comes from an intertwining of knowledge, belief, and emotion.

			Knowledge: I should do this.

			Emotion: I want to do this.

			Belief: I can do this.

			While they combine in different amounts for each person, it’s virtually impossible to make meaningful, lasting motivational change without all three.

			Second, I’ll help you determine your weak spots and where and how you can improve them. I’ve created a self-test that you can use again and again to track your motivational progress.

			Third, I’ll give you a four-week (and more if you choose) movement plan that will help you push through periods of difficulty with motivation and help you fall in love with movement again. This includes about eighty specific muscle-building exercises, infinite workout possibilities (I’ll show you how to build your own!), and get-in-gear boosts along the way.

			We’ve only scratched the surface here. We’re going to dig a lot deeper and find out why your brain pushes you to do so many unhealthy things.

			Oh, and congratulations. By opening this book, you’ve just done the mental equivalent of tying your sneakers and walking out the door for a twenty-five-degree morning workout in Central Park with one hundred of your closest workout buddies. You’re going to learn how to push yourself when no one is looking. And you’re going to fall in love all over again. Let’s get started!

			Jordan D. Metzl, MD

			Sports Medicine

			Hospital for Special Surgery

			New York, New York

		

	
		
			
				
					Part One

				

				Rediscovering Movement

			
		

	
		
			
				
					Chapter 1

				

				What Is Movement?

			
			If you asked me what movement means to me, to describe it so even a child could understand, I would start by saying this: Movement means to me exactly the same things it means to you.

			There is no difference between me, a sports medicine physician who competes in triathlons and leads fitness classes, and you. Movement is the same for every human being.

			This chapter, part science, part emotion, part experience, is the best explanation of movement I know.

			Movement Is Life

			It would be easy for me to say something glib like “If you ain’t movin’, you ain’t livin’,” but there’s truth in that cheesy statement, both literally and metaphorically.

			How does a medical professional determine a human being is alive? Movement. Chest up and down from respiration. Vibrations in the chest and wrist and throat from a pumping heart and flowing blood. Pupillary response when light hits the eyes. In a hospital setting, numbers on monitors rise and fall, ECGs illustrate cardiac activity (activity being movement), EEGs measure brain activity, and those old-school blood pressure cuffs have a hand pump and a needle jumping all around a circular gauge.

			What do doctors say in certain situations when a patient is unconscious? Squeeze my hand or wiggle your toes. And what’s one of the first things those wonderful hospital pros will have you do as soon as possible after a surgery or trauma or enough healing has happened?

			Get up and move. Stand. Go to the toilet on your own. Walk down the hall and back. Bathe.

			In my own practice, I often ask patients to move their limbs in a variety of ways, depending on their injury, so I can assess how severe the problem may be.

			Movement is foundational to everything human beings do, to who and what we are.

			Movement is the ordinary—taking laundry upstairs, chasing a toddler, pushing a mower—intertwining with the extraordinary—giving birth, crossing a finish line, a heart beating for more than ninety years straight.

			It’s foundational: the very bedrock of our lives, on the same level as eating, sleeping, and breathing. And it’s perhaps even more foundational than those three things, since moving with purpose each day makes all your eating, sleeping, and breathing more efficient and healthier.

			When you abandon movement, your life’s foundation deteriorates. It is as inevitable as water seeping into cracks in concrete.

			Think back to the three-year-old. The time when movement meant joy.

			When we stop moving, the joy dies. We die.

			Movement Is Medicine

			I’m a doctor who regularly prescribes physical activity to my patients. Movement is by far the best medicine I know—so much so that I joined forces with colleagues from the Hospital for Special Surgery to create one of the first seminars to teach medical students, physicians of the future, how to prescribe exercise for their patients. Our seminar, “Prescribing the Medicine of Movement,” is now required curriculum for second-year medical students at Cornell Medical School.

			Why not say “Movement is health”? Because not everyone is healthy, but they can still move. People with injuries, limitations, and disabilities can move in different ways to make themselves stronger. Movement itself is not health—it is a sign of health and can be the path to better health. That’s what I prescribe, that’s what I aid and abet, that’s what I see every day.

			This medicine is also free, requires no trip to the pharmacy and no insurance company sign-off, has no negative side effects (sore muscles don’t count, sorry), and can be taken as often as you like (infinite refills!). Oh, and if you take this medicine regularly, you eventually may be able to decrease or stop taking other medications for health issues that improve. That’s right: More of this medicine can sometimes lead to less of other medicines.

			How many health problems can movement help address? The actual number may not be known, but here’s a sampling: heart disease, dementia/Alzheimer’s, certain cancers, osteoarthritis, depression (exercise has long been known as “nature’s antidepressant”), type 2 diabetes, prediabetes/metabolic syndrome, fatty liver, hypertension, high cholesterol, autoimmune disorders, osteopenia/osteoporosis, ADHD, sleep apnea, anxiety, asthma, menopause symptoms, low back pain, erectile dysfunction, stress, and more.[1] We are now learning that these changes in body systems described above correlate to cellular changes: maintaining telomeric length, improving mitochondrial volume and function, even reducing genomic instability. These types of cellular changes
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