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E D I TO R I A L

Learning from living: chance, curiosity and colleagues

Evenwithout the temporal distortion that anno domini brings, I am now

aware that I am accelerating towards the event horizon at pace. A good

time, then, to reflect on lessons learned in life and, specifically, in a life

of clinical physiology and pathophysiology.

In 1981, I started at the Middlesex Hospital Medical School. Eric

Neil (honorary treasurer of the Physiological Society and President

of the International Union of Physiological Sciences) was Professor of

Physiology. Initially, I found his first lecture terrifying and bewildering;

a collection of mumbled signposts, anecdotes and descriptions of past

experiments. I scurried back to interrogate ‘Samson Wright’s Applied

Physiology’ (of which hewas editor), only to be kicked out of the second

lecture ‘for knowing toomuch’. It was a complement. He tookme under

his wing, pushed me hard and harder still, and was a mentor until the

day he died. He leftme an old framedBournville Chocolate advert from

a London Underground train, with a Viking facing the bow in a dragon-

prowed longboat. He’d signed it, ‘Follow the direction of the dragon’s

tongue, and you’ll not go far wrong’. He wasn’t the last to tell me to be

self-propelled. A lesson learned.

My clinical path led me to intensive care medicine. In 1988, when

I started at the Hammersmith Hospital, there was no such speciality,

but it did not take me long to realize that every patient was one giant

‘physiological preparation’. Amongst others, Iworked for thewonderful

(Professor Sir) Colin Dollery, from who I also learned a great deal.

Coming to see his ‘on take’ emergency admissions at 04.00 h (he was

flying to China at 08.00 h), I took him to a drunk alcoholic diabetic who

had taken an overdose. I had dealt with all the issues perfectly, but had

not performed retinoscopy (to look for background diabetic changes)

for lack of time. Mymanagement was, he told me, ‘suboptimal’. He was

right. He could be bothered to have a sleepless night for the benefit of

the patients. I should not have skimped. Another lesson learned.

I had no intention of going into research as a career, but (in those

days) needed to ‘tick thebox’ by gaining ahigherdegreeweremycareer

to proceed. I started out studying the role of the renin–angiotensin

system (RAS) in driving vascular smooth muscle cell growth and soon

found that things were not working as I had wished. Well over a year

in, I was in despair when (recently retired Professor of Pharmacology

in Cardiff) Gary Baxter took me to one side. ‘Plough your own furrow’,

he said. I thought of Eric. I did as they both suggested.

Just as I had found that ‘being bothered’ to read more had helped

me atmedical school, so too did this apply now. Datawere beginning to

appear which suggested that the RAS played a role in cardiac growth,
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probably by synthesizing angiotensin II, at least in vitro, in pigs and in

rodents (Baker et al., 1992; Fernandez-Alfonso et al., 1992). But what

about humans? A paper appeared which identified a human genetic

variant of the human angiotensin-converting enzyme gene (ACE), the

‘D’ allele being associated with higher circulating ACE activity than the

equally common ‘I’ allele (Rigat et al., 1990), with the same later shown

to apply in heart tissue. If the RAS regulated human cardiac growth,

then cardiac mass ought to be related to ACE genotype. The problem

was that too many environmental factors drive heart growth (blood

pressure, exercise, diabetes and heart valve disease), and greater

growth in suchcircumstances is associatedwith increased riskof death.

How, then, to explore the question?

I had taken up running by then. Eric Neil started me off, having

been an elite fell runner. A routine ECG had shown me to have cardiac

hypertrophy (within normal limits), probably owing to the increased

cardiac load. This chance finding prompted the answer. I would study

the cardiac hypertrophic response to short-term exercise training.

Specifically, I would study army recruits: same sex and mostly race

(in those days), similar age, eating the same food, drinking the same

water, wearing identical clothing, and doing the same 10 weeks of

exercise training. Differences in cardiac growthwould thus be strongly

genetically determined. And so it turned out! The ACE D-allele was

strongly associated with cardiac growth (Montgomery et al., 1997), an

effect we later confirmed and showed be dependent on ACE-related

regulation of bradykinin activity (Brull et al., 2001; Myerson et al.,

2001).Onahunch, I guessed that if cardiac andvascular smoothmuscle

cell growth was RAS dependent, then so too would be that of skeletal

muscle, which turned out also to be correct (Montgomery et al., 1999).

However, presenting the data one day, I was challenged from the

audience. Surely the ‘DD genotype’ individuals might simply have been

less fit than those with the ‘II genotype’, and they had to do more

cardiac work as a result (thus driving greater cardiac and skeletal

muscle growth)? The idea was clearly nonsense (to my mind), but I set

out to do a quick experiment to prove it and nail further criticism. I

was wrong. Improvements in performing repetitive loaded biceps curls

over 10 weeks of general physical training was I-allele related, and

the I-allele was over-represented in elite high-altitude mountaineers

(Montgomery et al., 1998). Muscle exertional metabolic efficiency

was indeed ACE genotype dependent, with improvements in ‘delta

efficiency’ with army training also being I-allele dependent (Williams

et al., 2000). We went on to show that the D-allele was indeed
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associated with power-related sports and the I-allele with endurance

(Myerson et al., 1999; Tsianos et al., 2004;Woods et al., 2001, 2000).

By now, running and walking in the hills had been replaced by

mountaineering, and I was offered the place of Medical Officer on an

expedition to climb the south-east face of Pumori (7161 m a.s.l.) in

the Himalaya. I had never been that high before, and I was breathless

as I slogged for 4 h between Pheriche (4371 m a.s.l.) and Goarekshep

(5140 m a.s.l.). No surprises there! The partial pressure of oxygen

there is half that at sea level, and the primary adaptation to hypo-

xia (I had been taught) was to increase delivery and extraction (higher

heart rate, higher respiratory rate, slowly rising red cell mass andmore

mitochondria). I certainly could not have had a higher respiratory or

cardiac rate. Dawn, however, saw an emergency in a trekker, and I had

toget her to safety, and fast. I agreed to return that night andheadon to

join the teamat thenext camp.However, once I haddeliveredher to the

makeshift medical facility at Pheriche, the sun was getting low and bad

weather appeared to be coming in. I set out and made the same ascent

as the day before, but in merely 40 min. There was no way that this

change in performance could have been owing to greater ventilatory

effort, cardiac work or haemoglobin availability. But what was it?

Serendipity can help to give answers, sometimes. Not long after

my return, I limped onto a stage at Great Ormond Street Hospital to

present my RAS data, having grunted my way through a marathon 2

days earlier. The speaker after me talked of how cooling the heads

of sick infants could be neuroprotective by lowering metabolic rate.

Of course! Hypoxic adaptation was not driven by increasing oxygen

delivery; it was mediated by changing metabolism and its efficiency!

We hastily convened a round table to explore the idea. Held in a

small hotel in Windsor, we called it ‘Give and Take’. Many of the great

and good came, including John West. The idea seemed to ‘have legs’.

It would account for why the I-allele was associated with greater

metabolic efficiency and also endurance.

If the I-allele was associated with metabolic efficiency and end-

urance performance at sea level, how much greater might that effect

be at high altitude, where oxygen was scarce? The answer was, ‘a lot’

(Kalson et al., 2009; Montgomery et al., 1998; Thompson et al., 2007;

Tsianos et al., 2004, 2005). But how to explore this further? In the

Himalaya, I had been astonished at the extraordinary ability of native

Tibetans (whose ancestors were lowlanderHanChinese) to perform at

altitude. Natural selection seemed at work, so I headed to collect DNA

samples across an altitude cline through China, from the lowlands to

the Tibetan border. (A team also collected mouse DNA in the Andes

and across altitude gradients in the Andes and on Hawaii, but the

samples were accidentally thrown away by our US collaborator.)

Human genetic analysis was in its infancy at the time, so it was only

many years later that we performed a genome-wide association study

(using Han DNA as a control) to find the genes selected. Meanwhile,

however, we showed mitochondrial coupling to be regulated by ACE

(Dhamrait et al., 2016).

I was now a practising intensive care doctor (albeit in training), and

greatly bemused. Seemingly identical patients (age, sex, race, disease

and disease severity) who received the same treatment could have

totally different outcomes. Some lived, and some died. We would

always pore over our management. What magic element had we

got right there? What had we slipped up on there? Many of our

patients suffered from acute (adult) respiratory distress syndrome

(ARDS), which left them with profoundly low saturations of arterial

blood with oxygen. The same issue of low tissue oxygen delivery

seemed to affect many more (whether from anaemia or from poor

cardiac or microvascular function). If success in climbing high was ACE

genotype dependent, could it be that survivingARDSwas similarly pre-

dicated? It was (Marshall et al., 2002), and so, too, was outcome in

critically ill premature babies (Harding et al., 2003) and in childrenwith

meningococcal sepsis (Harding et al., 2002).

Studying hypoxic adaptation in patients is hard, however, owing

to the great diversity in patient demographics, disease states and

severity, and treatment alluded to above. Much as the answer to

studying pathological cardiac hypertrophy was to study physiological

hypertrophy, the answer here was to study the response of otherwise

healthy individuals exposed to the hypoxia of high altitude. A one-

in-a-generation leader, Mike Grocott, thus conceived and delivered

the Caudwell Xtreme Everest Expedition of 2007 and its allied high-

altitude research programmes (Grocott et al., 2016). These confirmed

that human hypoxic adaptation did seem to be metabolic in origin.

Not long afterwards, genetic testing caught up with our hypothesis,

and we were able to show that natural selection had indeed been

at work in Tibetans, with the most selected ‘high-altitude’ variant

being associated with lower haemoglobin concentrations (Beall et al.,

2010). Professor Andy Murray and his group took the idea to far

greater heights (pun intended), by looking at mitochondrial function at

altitude. He showed that Sherpas (Tibetans) were genetically selected

to ‘burn’ a more efficient fuel (glucose over fat) (Horscroft et al., 2017;

Murray et al., 2018).

But we had also noted other epiphenomena when climbing. On

the Everest (and allied) trips, we all lost weight, despite ready access

to high-quality food in copious quantities. This phenomenon was, of

course, well known amongst climbers. We kept food diaries on our

2006 Cho Oyu (8201 m a.s.l.) preparatory trip pre-Everest, and I was

bewildered to find that I had scoredmy satiety at 9/10 for 2 days (being

convinced that I had been eating really well), whereas my food diary

showed that I had shared half a Snickers Bar in this time. Furthermore,

the loss was of both fat and muscle. This phenomenon was always

considered a pathophysiological dysregulation. But could it instead be

adaptive? After all, the metabolic cost of protein synthesis is very high

(Reeds et al., 1985).

Back to our intensive care unit patients! It was also clear that

they, too, lost a huge amount of muscle. This was also considered

pathological, although efforts to try to reverse this loss had been

shown to be harmful (Takala et al., 1999). Could that, too, be part of a

metabolic adaptation? So it seemed! Far from being some pathological

effect of critical illness, muscle wasting seemed highly orchestrated at

the molecular level; muscle protein synthesis and anabolic pathways

were suppressed and catabolic pathways activated (Puthucheary et al.,

2013). Further work showed this indeed to be driven by activation of

the master regulator of hypoxic sensing, the hypoxia inducible factors

(Puthucheary et al., 2018). We had been right all along! Hypoxic

adaptation was indeed largely metabolic, and the same pathways were

activated in the critically ill. In both circumstances, ‘theobvious answer’
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was the right one; when faced with a shortage of ‘metabolic substrate’

(oxidized fuel sources), the response of the body is to use/demand less,

rather than to deliver more. As it happened, however, we were only

right in part. Network analysis showed that hypoxia inducible factor

activation was being driven by inflammatory cytokines and lactate.

Another lesson: we should ignore the ‘functional names’ given to some

molecules (‘tumour necrosis factor’ does so much more than its name

suggests). ‘Hypoxia inducible factors’ are probably better referred to

as ‘metabolic demand and supply sensors’.

Thus, lived experience (one’s own and that of others) tells one a

great deal, so long as one listens and questions. We can all do that.

Serendipity also plays a part; the people we meet, the observations

we make in sickness and in health. But serendipity is also, to some

degree, also under our own control. We can choose to say, ‘yes’ to

new experiences and to meeting people, or not. We can choose how

hard to push our intellects. And we can choose to surround ourselves

with bright, capable, curious and driven people who are our betters.

And when knowledge, chance, curiosity and colleagues collide, there is

much to be learned.

AUTHOR CONTRIBUTIONS

Sole author.

CONFLICT OF INTEREST

None declare.

FUNDING INFORMATION

Hugh’s salary is supported by the National Institute for Health

Research’s Comprehensive Biomedical Research Centre at University

College LondonHospitals.

HughMontgomery

Centre for Human Health and Performance, University College London,

London, UK

Correspondence

HughMontgomery, Centre for HumanHealth and Performance,

University College London c/o Third Floor, 1 St Andrews Place, London

NW1 4LB, UK. Email: h.montgomery@ucl.ac.uk

Handling Editor: Lee Romer

REFERENCES

Baker, K. M., Booz, G. W., & Dostal, D. E (1992). Cardiac actions of

angiotensin II: Role of an intracardiac renin-angiotensin system. Annual
Review of Physiology, 54(1), 227–241.

Beall, C. M., Cavalleri, G. L., Deng, L., Elston, R. C., Gao, Y., Knight, J.,

Li, C., Li, J. C., Liang, Y., McCormack, M., Montgomery, H. E., Pan, H.,

Robbins, P. A., Shianna, K. V., Tam, S. C., Tsering, N., Veeramah, K. R.,

Wang,W.,Wangdui, P., . . . Zheng, Y. T. (2010). Natural selection on EPAS1

(HIF2alpha) associated with low hemoglobin concentration in Tibetan

highlanders. Proceedings of the National Academy of Sciences, 107(25),
11459–11464.

Brull, D., Dhamrait, S., Myerson, S., Erdmann, J., Regitz-Zagrosek, V., World,

M., Pennell, D., Humphries, S. E., & Montgomery, H. (2001). Bradykinin

B2BKR receptor polymorphism and left-ventricular growth response.

The Lancet, 358(9288), 1155–1156.
Dhamrait, S. S., Maubaret, C., Pedersen-Bjergaard, U., Brull, D. J., Gohlke,

P., Payne, J. R., World, M., Thorsteinsson, B., Humphries, S. E., &

Montgomery, H. E. (2016). Mitochondrial uncoupling proteins regulate

angiotensin-converting enzyme expression: Crosstalk between cellular

and endocrine metabolic regulators suggested by RNA interference and

genetic studies. Inside Cell, 38(S1), 70–81.
Fernandez-Alfonso, M. S., Ganten, D., & Paul, M. (1992). Mechanisms of

cardiac growth. The role of the renin-angiotensin system. Basic Research
in Cardiology, 87(Suppl 2), 173–181.

Grocott, M. P., Levett, D. Z., Martin, D. S., Wilson, M. H., Mackenney,

A., Dhillon, S., Montgomery, H. E., Mythen, M. G., & Mitchell, K.

(2016). Caudwell xtreme everest: An overview. Advances in Experimental
Medicine and Biology, 903, 427–437.

Harding, D., Baines, P. B., Brull, D., Vassiliou, V., Ellis, I., Hart, A., Thomson,

A. P. J., Humphries, S. E., & Montgomery, H. E. (2002). Severity

of meningococcal disease in children and the angiotensin-converting

enzyme insertion/deletion polymorphism.American Journal of Respiratory
and Critical Care Medicine, 165(8), 1103–1106.

Harding, D., Dhamrait, S., Marlow, N.,Whitelaw, A., Gupta, S., Humphries, S.,

&Montgomery,H. (2003). Angiotensin-converting enzymeDDgenotype

is associated with worse perinatal cardiorespiratory adaptation in pre-

term infants. The Journal of Pediatrics, 143(6), 746–749.
Horscroft, J. A., Kotwica, A. O., Laner, V., West, J. A., Hennis, P. J., Levett, D.

Z. H., Howard, D. J., Fernandez, B. O., Burgess, S. L., Ament, Z., Gilbert-

Kawai, E. T., Vercueil, A., Landis, B. D.,Mitchell, K., Mythen,M. G., Branco,

C., Johnson, R. S., Feelisch,M.,Montgomery, H. E., . . . Murray, A. J. (2017).

Metabolic basis to Sherpa altitude adaptation. Proceedings of the National
Academy of Sciences, 114(24), 6382–6387.

Kalson, N. S., Thompson, J., Davies, A. J., Stokes, S., Earl, M. D., Whitehead,

A., Tyrrell-Marsh, I., Frost, H., & Montgomery, H. (2009). The effect

of angiotensin-converting enzyme genotype on acute mountain

sickness and summit success in trekkers attempting the summit of

Mt. Kilimanjaro (5895 m). European Journal of Applied Physiology, 105(3),
373–379.

Marshall, R. P., Webb, S., Bellingan, G. J., Montgomery, H. E., Chaudhari,

B., McAnulty, R. J., Humphries, S. E., Hill, M. R., & Laurent, G. J. (2002).

Angiotensin converting enzyme insertion/deletion polymorphism is

associated with susceptibility and outcome in acute respiratory distress

syndrome. American Journal of Respiratory and Critical Care Medicine,
166(5), 646–650.

Montgomery, H., Clarkson, P., Barnard, M., Bell, J., Brynes, A., Dollery,

C., Hajnal, J., Hemingway, H., Mercer, D., Jarman, P., Marshall, R.,

Prasad, K., Rayson, M., Saeed, N., Talmud, P., Thomas, L., Jubb, M.,

World, M., & Humphries, S. (1999). Angiotensin-converting-enzyme

gene insertion/deletion polymorphism and response to physical training.

The Lancet, 353(9152), 541–545.
Montgomery, H. E., Clarkson, P., Dollery, C. M., Prasad, K., Losi, M.-A.,

Hemingway, H., Statters, D., Jubb, M., Girvain, M., Varnava, A., World,

M., Deanfield, J., Talmud, P., McEwan, J. R., McKenna,W. J., & Humphries,

S. (1997). Association of angiotensin-converting enzyme gene I/D poly-

morphism with change in left ventricular mass in response to physical

training. Circulation, 96(3), 741–747.
Montgomery, H. E., Marshall, R., Hemingway, H., Myerson, S., Clarkson, P.,

Dollery, C., Hayward, M., Holliman, D. E., Jubb, M., World, M., Thomas,

E. L., Brynes, A. E., Saeed, N., Barnard, M., Bell, J. D., Prasad, K., Rayson,

M., Talmud, P. J., & Humphries, S. E. (1998). Human gene for physical

performance.Nature, 393(6682), 221–222.
Murray, A. J., Montgomery, H. E., Feelisch,M., Grocott,M. P.W., &Martin, D.

S. (2018). Metabolic adjustment to high-altitude hypoxia: From genetic

signals to physiological implications. Biochemical Society Transactions,
46(3), 599–607.

 1469445x, 0, D
ow

nloaded from
 https://physoc.onlinelibrary.w

iley.com
/doi/10.1113/E

P092460 by U
niversity C

ollege L
ondon U

C
L

 L
ibrary Services, W

iley O
nline L

ibrary on [07/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

mailto:h.montgomery@ucl.ac.uk


4 EDITORIAL

Myerson, S., Hemingway, H., Budget, R., Martin, J., Humphries, S., &

Montgomery, H. (1999). Human angiotensin I-converting enzyme gene

and endurance performance. Journal of Applied Physiology (1985), 87(4),
1313–1316.

Myerson, S. G., Montgomery, H. E., Whittingham, M., Jubb, M., World,

M. J., Humphries, S. E., & Pennell, D. J. (2001). Left ventricular hyper-

trophy with exercise and ACE gene insertion/deletion polymorphism: A

randomized controlled trial with losartan. Circulation, 103(2), 226–230.
Puthucheary, Z. A., Astin, R., McPhail, M. J. W., Saeed, S., Pasha, Y., Bear,

D. E., Constantin, D., Velloso, C., Manning, S., Calvert, L., Singer, M.,

Batterham,R. L.,Gomez-Romero,M.,Holmes, E., Steiner,M.C., Atherton,

P. J., Greenhaff, P., Edwards, L.M., Smith, K., . . . Montgomery, H. E. (2018).

Metabolic phenotype of skeletal muscle in early critical illness. Thorax,
73(10), 926–935.

Puthucheary, Z. A., Rawal, J., McPhail, M., Connolly, B., Ratnayake, G., Chan,

P., Hopkinson, N. S., Phadke, R., Dew, T., Sidhu, P. S., Velloso, C., Seymour,

J., Agley, C. C., Selby, A., Limb,M., Edwards, L.M., Smith, K., Rowlerson, A.,

Rennie,M. J., . . . Montgomery,H. E. (2013). Acute skeletalmusclewasting

in critical illness. Journal of the American Medical Association, 310(15),
1591–1600.

Reeds, P. J., Fuller, M. F., & Nicholson, B. A (1985). Metabolic basis of energy

expenditure with particular reference to protein. In J. S. Garrow, & D.

Halliday (Eds.), Substrate and energy metabolism in man (pp. 46–47), John
Libby.

Rigat, B., Hubert, C., Alhenc-Gelas, F., Cambien, F., Corvol, P., & Soubrier,

F. (1990). An insertion/deletion polymorphism in the angiotensin I-

converting enzyme gene accounting for half the variance of serum

enzyme levels. Journal of Clinical Investigation, 86(4), 1343–1346.

Takala, J., Ruokonen, E., Webster, N. R., Nielsen, M. S., Zandstra, D. F.,

Vundelinckx, G., & Hinds, C. J. (1999). Increased mortality associated

with growth hormone treatment in critically ill adults. New England
Journal of Medicine, 341(11), 785–792.

Thompson, J., Raitt, J., Hutchings, L., Drenos, F., Bjargo, E., Loset, A., Grocott,

M., &Montgomery, H. (2007). Angiotensin-converting enzyme genotype

and successful ascent to extreme high altitude. High Altitude Medicine &
Biology, 8(4), 278–285.

Tsianos, G., Eleftheriou, K. I., Hawe, E., Woolrich, L., Watt, M., Watt, I.,

Peacock, A.,Montgomery, H., &Grant, S. (2005). Performance at altitude

and angiotensin I-converting enzyme genotype. European Journal of
Applied Physiology, 93(5–6), 630–633.

Tsianos, G., Sanders, J., Dhamrait, S., Humphries, S., Grant, S., &

Montgomery, H. (2004). The ACE gene insertion/deletion polymorphism

and elite endurance swimming. European Journal of Applied Physiology,
92(3), 360–362.

Williams,A.G., Rayson,M.P., Jubb,M.,World,M.,Woods,D.R.,Hayward,M.,

Martin, J., Humphries, S. E., & Montgomery, H. E. (2000). The ACE gene

andmuscle performance.Nature, 403(6770), 614.
Woods, D., Hickman, M., Jamshidi, Y., Brull, D., Vassiliou, V., Jones, A.,

Humphries, S., &Montgomery,H. (2001). Elite swimmers and theDallele

of the ACE I/D polymorphism.Human Genetics, 108(3), 230–232.
Woods, D. R., Humphries, S. E., & Montgomery, H. E (2000). The ACE I/D

polymorphism and human physical performance. Trends in Endocrinology
andMetabolism, 11(10), 416–420.

 1469445x, 0, D
ow

nloaded from
 https://physoc.onlinelibrary.w

iley.com
/doi/10.1113/E

P092460 by U
niversity C

ollege L
ondon U

C
L

 L
ibrary Services, W

iley O
nline L

ibrary on [07/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	Learning from living: chance, curiosity and colleagues
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST
	FUNDING INFORMATION
	REFERENCES


