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            Praise for The Architecture of Enough

 

"With the precision of a scientist and the grace of a storyteller, Vyvyane Loh reframes the entire conversation around GLP-1. By unifying metabolism and immunity into a single adaptive framework, she reveals why simplistic models fail—and why powerful new therapies demand a more nuanced understanding. Loh illuminates how we evolved for brief, context-dependent GLP-1 signaling, and what changes when those signals become sustained and supraphysiologic. Balanced, insightful, and indispensable for anyone who wants to understand both the promise and the real stakes of these transformative therapies. This is a rare book: scientifically grounded, conceptually fresh, and immediately relevant to modern care. Every physician prescribing these medications, and every patient taking them, should read this."

— Kenneth M. Ford, PhD, founder and CEO emeritus of IHMC; founder/co-host of STEM-Talk.

 

"Vyvyane Loh is a brilliant physician-scientist, and a great educator for both providers and patients. This book brings much needed clarity to the mechanisms and stakes of GLP-1 therapy at a time when physicians are being inundated with pressure to prescribe."

— Guity Valizadeh, MD, Internal Medicine
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​A Note to the Reader
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This is a book about metabolism, but it is not only a book about metabolism.

It addresses a medication—GLP-1 receptor agonists—because these drugs have changed the way we think about appetite, weight, and metabolic disease. But the real subject of this book is larger. It is about how the body manages energy, how the immune system and metabolism are intertwined, and how modern medicine makes decisions when new therapies arrive faster than understanding.

If you are a patient, you may have encountered GLP-1 medications through your physician, a weight-loss clinic, an online platform, or through friends who are on them. You may be trying to understand how these drugs work and what they mean for your long-term health. If you are a clinician, you may already be prescribing them and grappling with questions that extend beyond guidelines and trial data. Or you might just be a curious reader, interested in how the body regulates hunger, muscle, immunity, and aging, and how these systems hold together under stress.

This book is written for all of you. The most common question I am asked by physicians and patients alike is: What do you think of these weight loss drugs? And while the question is the same, I am aware that the concern of each group is nuanced.

Patients want to know:  


-  Should I be on this drug? What are the side effects? 

-  Are my health risks from obesity greater than the risks of being on the drug? 

-  What happens if I stop taking it? 

-  Will I have to be on it for life?



Physicians want to know:  


-  Who should I really prescribe this to? If these drugs appear to improve multiple chronic diseases, should more people be on them? 

-  How do I weigh the risks of long-term therapy against the risks of untreated metabolic disease?

-  How do I help patients come off these drugs without significant weight regain?

-  If only part of the weight loss is maintained after stopping, what does that mean clinically?



These are questions that cannot be answered meaningfully without a grounding in physiology. GLP-1 medications are often discussed as tools for weight loss. In reality, they sit within a much larger biological system involving the gut, the brain, the immune system, muscle, and the ways the body adapts to changes in energy availability. Understanding that system matters, not only for prescribing medications, but for understanding health itself.

This book runs on two parallel tracks. Each chapter begins with a personal essay. The chapters examine the science of how biological systems regulate energy, and what happens when those systems are overridden. The essays ask a related question: how do we live in a world that no longer knows when to stop? They explore how excess enters every part of our lives, what creates those conditions, and what we mean by enough. These pieces arise from a different kind of inquiry, shaped not only by physiology, but by years of sitting with patients and listening to the ways they live. They ask what kind of world made this science necessary.

In more than two decades of practicing Internal Medicine and Obesity Medicine, I have found that obesity is often misunderstood. It is a disease, and like many chronic diseases, it emerges within the context of how we live. Again and again, I have sat with patients as they described the demands, constraints, and patterns of their lives. What became clear was not a simple chain of individual choices, but a broader mismatch between human biology and the conditions we ask people to endure.

It would be easy to locate the problem in the patient alone, to frame obesity as a failure of discipline, restraint, or will. But that has not been my experience. The pressures, excesses, and absences that shape modern life affect all of us. The essays in this book are written from within that recognition. They are loose social commentaries on the conditions that have shaped our practices in medicine and the problems those conditions have produced. They are informed by what I have observed in myself: the burden of excess, responsibility, and not knowing when to stop. They are also shaped by what I have come to recognize, again and again, in my patients.

It takes time and informed deliberation to understand what is at stake when we use medical interventions to manipulate the body’s regulatory systems. This is especially true when the intervention touches hunger, energy, weight, risk, and the long-term architecture of health. While this book begins with a hormone, it ultimately asks a broader question:

How should we think about metabolism, medicine, and the management of energy in the human body, and what happens when we override the systems that tell us when enough is enough?



​
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​Chapter 1
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​Bodies & Battlefields

I first read The Art of War as a junior resident.

Internship year was good to me. I had gone to medical school in a city hospital, the best bootcamp for any new recruit, and I arrived at my internship program completely acclimatized to eating dirt, handling scut work while being yelled at, and ready to pull all-nighters with half my brain asleep. Internship at a community hospital was civilized and very bourgie in comparison, and I ended up with a reputation for being competent, careful, and reliable.  

July 1st was when we traded our short white coats for the long ones. This was a rite of passage in a highly hierarchical system where the dress code signified your position. Short white coats for medical students and interns, long ones for residents, fellows and Attendings. While there was some measure of flexibility and variance, it was generally accepted and respected. The department had already issued us our long coats and my colleagues had put them on that first day, mostly out of relief that they wouldn’t have to launder their grubby, ink-and-coffee stained, now almost light beige short coats. And the crisp, bright whites of the new ones did actually make them look and feel fairly glamorous, motivated and mildly inspired for the first three or four hours, until the daily grind regrounded everyone. 

I didn’t switch. I tried to, for about 30 minutes, but it felt awkward. My notebooks kept falling out of my pockets when I sat down, the swish of the coat felt limiting as I power-walked to make Grand Rounds on time. Out of irritation, I switched back to my old coat. It was uncomfortable, I told my fellow residents and the nurses. But only I knew it wasn’t just the coat. It was what it represented. 

There is a particular comfort in being the one who executes rather than decides. As an intern, I moved under the guidance of senior residents, fellows, my chief, and Attendings. I could escalate questions, I could defer. As a junior resident, that insulation disappeared. Suddenly, I was leading a team consisting of my new intern, two medical students, and a “Sub-I” or Sub-Intern, a glorified term for a fourth year medical student interning to be an intern (the hierarchy!). While my chief and Attendings were still around for advice and final-tier decisions, I was making the first call on day-to-day clinical decisions. I was responsible not only for my patients, but for the morale, stamina, and coherence of my team.

And even though I had breezed through my internship, medical training still felt like war. Compared to an inner city hospital, my community hospital battlefield was outside the strike zone but still under siege. The language of medicine reinforced it: rounds, ‘hits’ from the ER, triage, critical care, rapid response, codes. Sleep-deprived teams shuffled from room to room under the eternal day of fluorescent lights, making high-stakes decisions with incomplete information. Now that I was leading my own team, I felt completely inadequate. 

I had grown up with the notion that whenever there was a problem, there was also a book with a solution, or at least a guide to dealing with the problem. My approach was to browse my favourite bookstore on a day off, reach mindlessly for a book that ‘called’ me from a random shelf, and nine out of ten, it would be The One. For this imposter syndrome, I adhered to my usual ritual and pulled out a book. The Art of War. I stared at the slim volume in my hand. Wrong book, I thought, try again. But something made me walk to the counter and pay for it instead. Even wrong books can teach you something. 

In The Art of War, the author, Sun Tzu, warns against battle, a strange stance for a tome on war. He writes that prolonged war exhausts the state. The highest excellence is to win without fighting, and he advises leaders to conserve strength, to understand terrain, to move only when advantage is secured. War, in his framing, is a problem of resource stewardship.That philosophy changed how I ran my team.

I paced our days so no one would burn out. I clarified tasks before rounds so we didn’t waste our scarcest resource, time. I doubled down on communication — with nurses, with Attendings, with patients — because miscommunication is friction, and friction wastes energy. I scheduled the day deliberately so we wouldn’t be running around in circles, waiting for labs and imaging to be processed. We became known for being swift, efficient and always prepared, and I still got everyone in my team out by 6 pm at the latest. 

By the end of residency, I was elected Chief Resident. But the habits that shaped my leadership were forged that first year, under Sun Tzu’s quiet discipline. His influence did not remain confined to hospital workflow. It followed me into clinical practice, because medicine, too, is a form of war. Not against patients, but against the medical industrial complex, and the causes of disease: infection, inflammation, metabolic collapse, structural decline. Every intervention is a deployment of force. Every drug is a weapon with a supply chain, collateral effects, and downstream consequences.

​Three Philosophies of War

Sun Tzu teaches restraint. Preserve the army; preserve the state; avoid depletion. But he is not the only strategist who has shaped modern thought.

In On War, Carl von Clausewitz argues that war is the continuation of politics by other means. If the political objective demands it, escalation is rational. Violence, friction, and loss are not aberrations; they are intrinsic to conflict. Victory may require decisive force.

And then there is Vladimir Lenin, who saw war and crisis not merely as tools of statecraft, but as engines of systemic transformation. Destabilization was not something to avoid; it was something to harness. Collapse could be productive, if it cleared the ground for revolution.

These three philosophies diverge sharply. One prioritizes preservation, another prioritizes political outcome, while the third prioritizes structural overthrow. Medicine today, particularly in the era of pharmaceutical dominance, often resembles Clausewitz — and at times, Lenin — more than Sun Tzu.

We escalate quickly and target endpoints aggressively, accepting side effects as the cost of achieving metric-defined victory. We think nothing of destabilizing physiology in order to reconstruct it. Sometimes that may be necessary, but sometimes, in our pursuit of endpoints, we exhaust the very system we are trying to preserve.

Beyond the practice of medicine, I’ve come to realize that the body is a battlefield. Our immune system stands ready to defend us from toxins and enemy microbes. But every army needs resources, fuel, supplies. Sun Tzu’s framework mirrors metabolic regulation, avoidance of inflammatory overdrive, management of immune activation without collapse, and expansion/growth that does not destroy the body. 

Metabolism is not a static target. It is an adaptive system, with immune tone as its regulatory force. Appetite, inflammation, muscle, bone, and brain are not isolated battlefields but interdependent terrains. The question is not whether we fight disease but how.

————————————————————————-
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We start, not with a drug, but with a relationship.

Before GLP-1 became a medication, before obesity became a diagnosis category, before metabolism was reduced to calories burned and calories stored, was the body’s ancient language of fuel, defense, repair, and identity. Metabolism does not simply power the immune system like gasoline in an engine. It helps determine what immune cells become, how they behave, what they remember, and what they are prepared to defend.

To understand GLP-1, then, we have to begin upstream. We have to begin with the immune-metabolic system itself: the living architecture through which the body decides what is threat, what is nourishment, what is repair, and what is enough.

​In the Beginning

The first life forms separated themselves from the environment with a boundary, a membrane that allowed for selectivity as to what to keep out and what to hold in. But a boundary alone was not enough. To survive, a cell also needed a way to capture energy and a way to use it to maintain itself. From the beginning, life required an Energy and Resource Management Department. We now call it Metabolism.

Metabolism has two major divisions. The anabolic division builds. It constructs the physical structures that allow the cell to function, such as DNA, proteins, membranes, and receptors. The catabolic division is for demolition. It breaks down and dismantles chemical compounds, releasing energy stored within them. Some of the pieces can be recycled as raw materials, chemical skeletons that can be used to build new structures. So at its core, metabolism is the extraction of energy from internal and external resources and the use of that energy and those materials to sustain life.

The energy currency of the cell is a molecule called ATP or adenosine triphosphate. As its name suggests, it contains three phosphate groups linked together. When the cell needs energy, one of these phosphate groups is removed in a chemical reaction called hydrolysis. This reaction releases usable energy that powers cellular work, from muscle contraction to DNA replication to immune activation.

Metabolism is maintained by complex biochemical reactions and enzymes. Overseeing this chemistry are hormones related to how we make and use energy. Just like insulin, glucagon and cortisol, GLP-1 is a hormone made by certain tissues and sent through the blood to the body to affect your metabolism.

​Energy Sensing: How the Cell Decides

Our cells do not build, burn, store, or mobilize energy at random. Before we do anything, our bodies need to know the cost. What resources do we have, how much can we spend? To do this, our cells continuously measure their internal environment and adjust accordingly. Two major molecular systems act as energy sensors and help the cell make these decisions: AMPK and mTOR.

These act as energy gauges that feed into systems to help us conserve and restore energy, or allow us to spend it on building projects and other needs. When AMPK is activated, it means that ATP is being used up. This tells the cell that it is running short on fuel and should switch to conservation measures. mTOR registers when we have abundant nutrients and fuel in the form of glucose, amino acids, cholesterol. It also responds to growth signals and other signs that the cell is running on a full tank. These two sensors work together to give a running tab of the energy status in the cell: when energy is plentiful, mTOR rises, AMPK falls, and the system is allowed to build.

This balance allows cells to adapt to feast and famine, growth and stress, infection and recovery. Adaptation is the key word here. The word metabolism comes from the Greek metabolē, meaning ‘change’. A robust metabolism detects, handles, and channels energy flux within the cell. Just like an army, a cell must be able to shift its energy strategies depending on internal and external conditions in order to survive. One that cannot adjust to changing circumstances will not last. 

​What About Oxygen?

In order to burn food for energy, we need oxygen. So it makes sense for the cell to have an oxygen sensor as well. HIF-1α is a protein that becomes active when oxygen levels fall or when cells experience inflammatory stress. This sends a signal to re-wire metabolism to support the inflamed cell and help it survive.

In obesity, fat cells often swell to store more energy, but the body cannot make blood vessels quickly enough to keep up with the enlarging fat cells. Just like adding five bathrooms at once to your home without increasing water and sewage lines, less blood is able to flow through the fat cells. There is less oxygen available per cell resulting in mild, chronic inflammation, and HIF-1α is activated. It turns on genes that instruct the cell to send out signaling molecules called cytokines. The Mayday they send reads: help, our energy supply is falling! And in response, the body diverts its energy and resources to the failing cells.

The bottom line is that your metabolism is a sophisticated system to generate, manage and allocate energy to your body. All living things need energy. Stop your metabolism and you’re dead. 

​The Energy Cost of Inflammation

Your immune system is your Department of Defence and inflammation is a process whereby the body summons its military to protect and defend against damage done to it. And like any functioning militia, it requires a budget to maintain, and a different one to deploy the troops. 

When your immune soldiers are activated, there is an energy cost. Even mild chronic inflammation seen in rheumatoid arthritis or obesity can increase resting energy expenditure by 5–15%. Assuming energy consumption to be 2000 kcal/day, this would approximate to 100-300 kcal more per day, depending on age, sex, body composition and other factors.

The energy is spent on prepping for battle. We enlarge the troops by making more immune cells. Increasing blood pressure and heart rate pumps more blood to the body as the circulation is the supply line to the battle front.  We engage the Signal Corps for communication by making signaling molecules (cytokines) and acute-phase reactants. Think of these as war sirens to alert the body to danger. And finally, we need to build, make and repair structures, energy and other resources (substrate cycling).  

Fever increases energy demand even further. For each 1°C (~1.8°F) rise in body temperature, metabolic rate increases by approximately 10–13%. A 2°C (~3.6°F) fever may increase energy expenditure by 20% or more. In severe inflammation such as sepsis, major burns, or critical illness, metabolic rate can increase dramatically, sometimes by 30–60% above baseline. In these settings, the body often becomes profoundly catabolic, breaking down muscle and fat to sustain the immune response.

​Energy Reallocation During Inflammation

But the body doesn’t just burn more calories with inflammation. It reallocates fuel as several coordinated changes occur. Peripheral insulin resistance develops. Normally, insulin helps the body move excess glucose into fat, muscle and the liver. The glucose is stored as glycogen in muscle and liver, and in fat cells, it is stored as a fat called triacyl-glycerol or triglyceride. With insulin resistance, tissues become less sensitive to insulin action. 

With a lessened ability to move into fat, muscle and liver, the glucose remains in the bloodstream, readily available to fuel immune cells. Another normal function of insulin is to prevent fatty acids from leaving the fat cell. These fatty acids are usually bound three at a time to a glucose-derived molecule called glycerol. When that happens we form a molecule of triacyl-glycerol. That is why you commonly hear that “insulin makes fat”, a process called lipogenesis. It does so to prevent high levels of glucose in the blood which can damage organs. 

With insulin resistance, insulin’s actions are not as effective despite having more insulin on board. This means it is less able to keep the triacyl-glycerols from breaking up back into glycerol and fatty acids (lipolysis) which leak out of the fat cell. Free fatty acids are very toxic and cause a lot of damage to the body. However, in this context they provide more energy to immune cells and damaged (inflamed) tissue.  

Additionally, breakdown of protein and muscle occurs. The amino acids resulting from this breakdown and lipolysis (fat breakdown) provide the liver with substrates to make more glucose (gluconeogenesis). We also use some of these substrates to make acute-phase proteins (the sirens) and carrier vehicles called VLDL to transport fats for fuel to different parts of the body. 

These shifts are not random and prioritize certain tissues over others. So who receives the fuel?


-  Immune cells, which rely heavily on glucose and often use insulin-independent transport.

-  The liver, which produces acute-phase proteins such as C-reactive protein, fibrinogen, complement proteins, and hepcidin.

-  The brain, which mediates sickness behavior — fatigue, reduced appetite, social withdrawal — adaptive responses that conserve energy and limit spread of infection.



So inflammation isn’t simply heat and swelling but a coordinated metabolic redirection of energy resources to the immune system.

An immune response is not a simple switch that goes on or off. Instead, as inflammatory signals increase, the body shifts through distinct metabolic states. In mild activation, immune cells temporarily increase glucose use to respond quickly. The metabolic shift is short-lived and usually resolves once the threat passes. With moderate inflammation, the body begins reallocating fuel: skeletal muscle reduces glucose uptake; adipose tissue reduces storage; the liver increases glucose production. These changes ensure that glucose is available to immune cells and the liver.

In severe inflammation, metabolic rate rises substantially. Just as household and community items were recycled in WWII to make weapons, the body breaks down muscle and fat to sustain immune activity and acute-phase protein production. Energy production becomes less efficient as mitochondria (the energy factories in cells) experience stress, and muscle mass declines. At this level, metabolism is no longer balanced between building and breakdown, and catabolism dominates. If prolonged, this state can lead to cachexia, a state of accelerated and advanced muscle loss.

​Metabolic Switches Shape Immune Function

Earlier, we described how cells sense energy availability through systems such as AMPK, mTOR, and HIF-1α. These systems monitor fuel, nutrients, and environmental stress. They not only regulate metabolism but also help determine how immune cells behave.

Besides energy, an immune response also requires instruction as immune cells must decide whether to expand, restrain, or escalate. Metabolic signals provide part of that instruction.

​mTOR: Permission to Build

When nutrients are abundant and energy is sufficient, mTOR activity rises. In immune cells, this supports troop expansion and production of protein structures to support inflammation.

An activated immune system must build. It must produce cytokines, antibodies, receptors, and new cells. These are construction projects, and mTOR provides the signal that resources are available. With mTOR active, immune responses can expand and progress.

​AMPK: The Brake and the Checkpoint

When cellular energy falls, AMPK activity increases. In immune cells, this shift favors energy conservation, reduced building and production, and more restraint in battle.

Inflammation is costly. It cannot continue indefinitely without consequence. AMPK helps ensure that immune activation does not outpace available resources. This is where Sun Tzu’s advice becomes life-saving: Preserve the army; preserve the state; avoid depletion. If mTOR permits building, AMPK asks whether the system can afford it. Together, they create balance between expansion and restraint.

​HIF-1α: The Signal of Urgency

When oxygen delivery is limited or when inflammatory stress alters the cellular environment, HIF-1α turns on genes to produce energy quickly though less efficiently. This is because when the cell is under siege, speed matters more than efficiency. HIF-1α supports rapid response under stress to generate energy.

​Metabolism as Instruction

These metabolic switches do more than supply fuel because they also influence immune identity.

Cells in a growth-permissive state behave differently from cells in a conservation state. Those operating under the stress of oxygen deprivation behave differently from those in stable conditions. Metabolism helps determine whether the immune system escalates, restrains, or resolves.

​IL-6: A Messenger Between Systems

Among the molecules that link metabolism and immunity, IL-6 is a cytokine (signaling molecule) that plays a distinctive and complex role.

IL-6 is released by immune cells during inflammation. It is also released by skeletal muscle during exercise. It mobilizes glucose, signals the liver to produce acute-phase proteins, and alters substrate use across tissues. IL-6 moves at the intersection between the immune system and metabolism.

In this way, IL-6 illustrates a broader principle: the immune system and metabolic system are not separate networks but are intertwined. When metabolic signaling shifts, immune behavior shifts with it, and energy management becomes immune instruction.

​Obesity and Its Effects on Metabolism

Contrary to what people believe, obesity doesn’t happen because of a ‘slow metabolism’. In fact, people with obesity have a higher resting metabolic rate, meaning their energy expenditure per hour is higher than someone without obesity. Part of it is due to the body’s compensatory mechanisms to use more energy, body mass/fat-free mass mass and total body tissue load, and also the energy costs of chronic mild to moderate inflammation that occurs with obesity.

In obesity, there is a net positive energy gain between what you take in and how much you spend. This cannot simply be accounted for by an equation because your metabolism has intricate sensors and diversions to sense and re-direct energy. You can think of it as akin to money-laundering.

In this situation, money that was gained illegally is re-directed in the financial system through elaborate schemes. These involve setting up legitimate businesses to mix both legal and illegal sources of income, re-directing money through diverse cash and electronic purchases, and eventually re-investing the money into legitimate businesses. In this way, money-laundering drains the economy of trillions of dollars. Tracing the flow of illegally earned money is very costly and yields very little success. 

So while it may seem simple enough to calculate your energy difference by subtracting energy spent from your energy intake, the math (which is usually an approximation at best) does not always add up.

​Bottom Line

Metabolism is about sensing and allocation of resources.

Like money-laudering, it is not easy to trace energy flow in and out of the body.

So far, we’ve looked at three core environmental sensors:


-  AMPK → Is there enough energy?

-  mTOR → Are there enough nutrients to build?

-  HIF-1α → Is the environment stressed or oxygen-limited?






Together they answer:


-  Can we build?

-  Should we conserve?

-  Are we under threat?



Once a cell or organism answers these questions, it must decide where energy goes. Energy can be:


-  Produced (ATP generation)

-  Stored (glycogen, fat)

-  Mobilized (lipolysis, proteolysis)

-  Redirected (gluconeogenesis, acute-phase protein synthesis)

-  Signaled across tissues (insulin, glucagon, IL-6)



Inflammation increases demand. As immune activation escalates from mild to severe, metabolic cost rises and fuel is reallocated. Metabolic signals influence whether immune cells expand, restrain, or escalate.

The immune system is metabolically powered, and metabolic systems are shaped by immune signals. They are interdependent networks responding to changing constraints. Thus, when manipulating metabolism, we are never only manipulating weight.

********
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​Chapter 2


[image: ]




Around 860AD, Chinese scholar Duan Chengshi collected his notes on his travels and personal observations of nature and popular culture. That 30-volume text became the Miscellanies of You-yang. In it he described a flat, chisel-headed creature that preyed on earthworms by encircling them and dissolving their bodies with a neurotoxin. He wrote that it could separate into pieces, highlighting its unique ability to multiply and regenerate. We now think he might have been describing the Hammerhead worm, a land planarian so toxic that chickens died from pecking it.

Planaria are mushy flatworms with triangular heads that bear two eyespots. They are the original hydra as their stem cells allow them to regenerate all organs and tissue. A gecko that loses its tail can grow a new one, but its tail cannot grow the rest of the body. It is discarded, useless after its amputation. If you cut a planarian in half, each piece becomes a full-fledged planarian. Cut it into three parts and you end up with three planarians. The record so far has been to generate 279 individual planarians from cutting one into 279 pieces. Every single fragment is biologically viable. 

What is remarkable about this is that they must decide what to become. When severed, the fragment that was once tail must recognize that it is no longer whole, no longer enough to survive. It must know that a head is missing. And the fragment that once bore eyes must register the absence of a tail. Polarity must be re-established, axes redrawn to reorganize chaos into patterns. They do this with an internal GPS regulated by Positional Control Genes (PCGs) to constantly map the body so that any damage can be located within its inner topography and new parts regenerated from stem cells.

In 2015, a batch of Dugesia japonica planarians spent five weeks in space. Before they were loaded onto SpaceX CRS-5, fifteen worms had their heads and tails snipped off and placed along with ten intact worms into a sealed tube filled half with air and half with spring water. Once they were on board the International Space Station they were subjected to experiments to see how microgravity and space radiation affected their physiology. 

The most spectacular result from these studies was the emergence of the Janus Worm. Under the near-zero gravity conditions in the space station, one headless and tailless worm regenerated not one, but two heads. This had never happened in over 18 years of experiments with these animals. 

But it was when the worms were returned to earth that scientists realized the extent of change that they had undergone. Immediately after landing they curled up as if stunned by their re-entry and only regained their mobility after two hours. Even twenty months later they were different. They were less photophobic than ordinary worms, as if the darkness of space had made them crave light. Their metabolism changed, along with their microbiome. They were more unpredictable, more apt to split into two spontaneously, dividing in fission like unstable atoms. The Janus worm continued to regenerate two heads when both ends were decapitated. From generation to generation this double-headed form persisted. What interested me most was not simply that the worm had changed, but that the change endured after return.

I often think about the worms when I think of home. I left Singapore when I was a teenager, first for boarding school, and then for college. At first I was terribly homesick and missed everything but of course, life continues in your absence. Roads change, buildings arise and disappear, and trees are sacrificed for highways. Since then I’ve always returned as a familiar stranger. Suddenly you are no longer inside the jokes. There are new Singlish words I don’t understand. You can’t go home again, Thomas Wolfe wrote, not as the same person anyway. 
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