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Variability: How to Deal with It, Interpret It, and Learn from It
Welcome to this two-day online symposium on Variability.
From the variation in engineering systems, to intra and inter person variation in
physiological responses to standardised conditions, to the outcome of disease process;
variability surrounds us, and the ability to embrace it and learn from it is critical.
We are pleased that so many of you have recognised the importance of this topic and
have joined us for this symposium.
We would like to thank the speakers and the staff of The Physiological Society for
enabling this meeting.
We hope you find it interesting, informative, and helpful.
Igor B. Mekjavic, Jožef Stefan Institute, Ljubljana, Slovenia and Michael J. Tipton,
University of Portsmouth, UK
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SA001
Variability: How to Deal with It, Interpret It, and Learn from It
Igor Mekjavic1, Michael Tipton2
1

Jožef Stefan Institute, Ljubljana, Slovenia 2University of Portsmouth, Portsmouth, United Kingdom

Humans, other animals and engineering systems exhibit a wide range of individual responses to
different stressors. Variability is ubiquitous, but we often choose to ignore it, hide it or delete it.
Outliers are frequently removed from data sets and variability is hidden or ignored by use of
summary statistics such as mean and mode.

The aim of this symposium is to consider when and how individual variability should be embraced as
an important source of information. Physiologists, clinicians, statisticians and mathematicians will
give examples of variability in data from a wide range of human, animal and engineering
investigations. They will then provide recommendations regarding research design and analytical
methods that allow researchers to better understand, interpret, and learn from the variation in their
data.

SA002
"Individual variability in human performance under various stressors: the interplay of genes and
environment"
Maria Koskolou1, Panagiotis Miliotis1, Alexandros Sotiridis1, Vassilis Klissouras1
1

National and Kapodistrian University of Athens, Athens, Greece

Genes and environment are the two major sources of individual variation in human performance.
Superior performers are endowed with a high genetic potential actualized through laborious training.
Twin and family studies provide overwhelming evidence that individual differences in all complex
biological and behavioral traits related to performance are highly heritable and can be explained by
innate differences in DNA, whereas training can greatly affect performance but only within the fixed
limits of heredity. Moreover, emerging evidence suggests that the ability to reach the ultimate limits
of performance is influenced by epigenetic mechanisms. Several animal and human studies have
provided important insights into how epigenetic markers can activate intracellular pathways leading
to changes in gene expression that modulate neural function and behaviour.

When assessed following training or under various adverse conditions, individual variability in
exercise performance is also evident, although largely underreported. The HERITAGE family study
demonstrated the wide exercise training response variability in VO2max improvement and attributed
it to genetic predisposition. Acclimatization to environmental stressors, such as hypoxia, heat, and
microgravity, has been widely used both as an ergogenic aid and a medical tool to enhance sport
performance or preserve health, respectively. Individuals participating in the respective
acclimatization/exercise protocols might succeed to enhance their performance by obtaining the
heat-induced thermoregulatory gains, the hypoxia-induced erythropoiesis or preventing the bedrestinduced muscle atrophy and physiological dysfunction, but might as well end up with no benefits in
performance or even in the opposite end of the adaptation spectrum.
There is a long way to go before we begin to understand which genes and pathways are contributing
to individual variability observed in performance and physiological responses to acclimatization. An
intriguing question might be whether the genetic variation among individuals is increased or
decreased when exposed to a new environment.

SA003
Individual response to exercise training: obvious and elusive
Anne Hecksteden1, Tim Meyer1
1

Saarland University, Institute of Sports and Preventive Medicine, Saarbrücken, Germany

Interindividual variability in the efficacy of exerise training is notorious and the large variation
consistently reported in training trials is in line with casual experience. However, it is important to
keep in mind that observed variation does not necessarily reflect true difference between
individuals. In fact, the only certain component of observed variation in training response is random
(measurement) error. A control group enables plausible discrimination between random error (which
is present in either group) and eventual training induced variation (present in the training group
only). This consideration is generally taken into account today. In contrast, it is frequently overlocked
that training induced variation may be due to true differences between subjects (subject-by-training
interaction) and / or limited repeatability of responses. Unfortunately, training trials with a replicated
intervention are extensive and have very rarely been conducted. Other lines of evidence to be
considered are twin or family studies and animal breeding experiments. Taken together, meaningfull
interindividual variation in training response seems to exist (at least in some common scenarios)
while the magnitude of within-subject variation remains unknown. This gap in knowledge has
important consequences. An illustrative example are cross-over trials comparing individual responses
to different training modalities.
While the above considerations apply regardless of the type of intervention or outcome, exercise
training programs are also associated with relevant specifics as compared to e.g. pharmaceutical

interventions. Examples include the slow time courses of adaptation and detraining as well as the
difficulty of standardizing exercise „dose“.
This talk aims to provide an overview of what is known (or not) about interindividual variability in the
response to standardized exercise training and discuss options do deal with it in science and practice.

SA004
Individual variability in the response to heat and hypoxic adaptation, with particular reference to
combined stressor approaches
Rebecca Rendell1, Alexandros Sotiridis2, Jo Corbett3, Michael Tipton3, Igor B. Mekjavic4
1

Bournemouth University, Bournemouth, United Kingdom 2Univerity of Athens, Athens, Greece
3
University of Portsmouth, Portsmouth, United Kingdom 4Jozef Stefan Institute, Ljubljana, Slovenia

Introduction
Adaptive responses to heat are typically reported using group mean data, yet previous research
indicates substantial inter-individual variability. In addition, there are a growing number of
combined-stressor studies e.g. heat and hypoxia. The true individual variability (TIV) of adaption to
heat has not been investigated, moreover, the influence of combined stressors on individual
variability in adaptation is unknown.
Methods
We report data from six published studies from two laboratories involving 63 10-day protocols
completed by endurance trained men (56.3±7.1 mL·min-1·kg-1). Protocols involved either: Heat
Acclimation alone (HA; n=29; daily 90 min controlled hyperthermia, rectal temperature 38.5°C); Heat
Acclimation with Hypoxia (HAH; n=16; FiO2: 0.14-0.156; 8 or 22 h daily); or, Control exercise (CON;
n=18; cool exercise comparator; 30-90 mins daily; 35-50% peak power; 11-24°C). Heat stress tests
(30-60 mins cycling 35-40% peak power; 35-40°C, 50% RH ambient conditions) were completed preand post-protocol to identify key HA responses. TIV (SDResponse) was determined using the Atkinson &
Battherham (2015) calculation.
Results
A large spread of individual responses was reported across all protocols and measures. The TIV in
adaptation to the heat (HA v CON) from each laboratory (Rendell et al.; Sotiridis et al., respectively)
was 0.33°C and 0.13°C for the ∆ end exercise mean body temperature; 14 b·min-1 and 3 b·min-1 ∆ end
exercise heart rate; 6.5% and 9.0% ∆PV; 0.17 L·h-1 and 0.31 L·h-1 ∆ whole body sweat rate. Combining
stressors (heat and hypoxia) resulted in a similar TIV in the adaptive response compared to
adaptation to heat alone (e.g. ∆ end exercise mean body temperature SDResponse [HA v CON]=0.13°C;
[HAH v CON]=0.17°C).

Conclusion
In conclusion, the TIV in adaptation to heat depends on the index of acclimation and should be
interpreted with the relevant physiological context. For example, a small TIV for thermal responses
may be more meaningful than larger variability in cardiovascular responses. The addition of hypoxia
generally does not affect the variability although the ∆PV TIV was 4.6%, compared with 9.0%
following HA alone, in the study with a large hypoxic dose. Differences between studies may be due
to methodological differences; a longer heat stress test may highlight greater adaptive responses and
augment inter-individual variability.
Reference 1 :- Atkinson, G. & Batterham, A. M (2015). True and false interindividual differences in the
physiological response to an intervention. Experimental Physiology. 100 (6): 577-588

SA005
A meta-analysis from Planica bed rest studies to investigate individual variability in skeletal muscle
outcomes
Rodrigo Fernandez-Gonzalo1, Eric Rullman1, Adam C. McDonnell2, Liz Simpson3, Ian Macdonald3, Igor
B. Mekjavic2
1

Karolinska Institutet, Stockholm, Sweden 2Jozef Stefan Institute, Ljubljana, Slovenia 3University of
Nottingham, Nottingham, United Kingdom

To evaluate the individual responses in body composition and skeletal muscle outcomes following
bed rest, results from three studies (21-day PlanHab; 10-day FemHab and LunHab) were combined.
In each study, subjects participated in three cross-over campaigns: normoxic (NBR) and hypoxic bed
rest (HBR), and hypoxic ambulation (HAMB; used as control). Change-score analysis on the 19
variables included showed that only three were different (P<0.02) between HAMB vs. NBR and HBR,
i.e., knee extension torque (KEt), and thigh and calf muscle area. Individual variability investigated as
SDIR (√(SDExp2–SDCon2)) translated into a typical overall effect of bed rest on an individual ranging from
3% to -17% for KEt, -2% to -12% for calf muscle area, and -1% to -8% for thigh muscle area. The
individual response during NBR and HBR (i.e., repeatability) were highly correlated for thigh and calf
muscle area (r=0.65-0.75, P<0.0001), but not for KEt. Baseline values and dindividually tailored
caloric intake were investigated as individual response moderators. While change-scores in KEt, and
thigh and calf muscle area strongly correlated with baseline values (P<0.001; r between -0.5 and 0.9), the correlations with caloric intake were very weak. Finally, the supervised machine learning
OPLS regression method was used to explore if the global changes in the investigated variables could
predict changes in calf muscle area, showing a modest predictive value where 43% of the variance in
calf muscle area could be attributed to changes in other variables. The current results analysing one
of the largest bed rest dataset to date indicate that (i) there is clinically-relevant individual variability
in KEt, calf muscle area, and (to a lower extent) thigh muscle area; (ii) baseline values are a strong
moderator of the individual response; and (iii) a global bed rest signature served as a moderately
strong predictor of the individual variation in calf muscle area alterations.

SA006
Individual variability in the effect of hypoxic confinement on sleep
Olivier Mairesse1, 2, Helio Fernandez-Tellez1, 3, Leja Dolenc Grošelj 4, Nathalie Pattyn1, 3, Igor B.
Mekjavic5
1

Vrije Universiteit Brussel |, Brussels, Belgium 2Brugmann University Hospital, Brussels, Belgium
3
Royal Military Academy, Brussels, Belgium 4University of Ljubljana, Ljubljana, Slovenia 5Jožef Stefan
Institute, Ljubljana, Slovenia
Hypoxia, whether normobaric or hypobaric, has a profound affect on sleep quality. Specifically, it
affects the breathing pattern during sleep, as reflected in the apnea/hypopnea index, resulting in
further decrements in oxygen saturation. There is a substantial degree of individual variability in
response to hypoxic exposure. This is evident in the ocurrence of altitude sickness and sleep quality.
In this presentation we will present sleep characteristics of subjects exposed to either hypobaric
hypoxia over a period of one year (NEUROPOLE study conducted at the Concordia Research Station
situated at an alitude of 3200m, but with a partial pressure of oxygen equivalent to 3800) or
normobaric hypoxia over a period of 21 days (FemHab study conducted at the Olympic Sport Centre
Planica; simulated altitude 4000m). Specifically, we will discuss how to deal with sparse, incomplete,
highly variable, and repeatedly measured polysomnographic data. We first discuss the issues
encountered in analyzing the data, which technique was chosen to balance between accuracy and
ease-of-use and intelligibility. Results from both studies are briefly shown and finally, we discuss how
a simple way to address variability might help to gain valuable insights in traits and states
characteristics of sleep-related variables.

SA007
Heterogeneity in the responses of oxidative function in vivo and ex vivo to normoxic and hypoxic bed
rest.
Desy Salvadego1, Bruno Grassi2, Michail E Keramidas3, Ola Eiken3, Igor B. Mekjavic1
1

1Jozef Stefan Institute, Ljubljana, Slovenia 22University of Udine, Udine, Italy 33Royal Institute of
Technology, Stockholm, Sweden
Microgravity, and its analogue bed rest, results in a consistent impairment of human oxidative
metabolism, the major prognostic factor for health and quality of life.

The recent simulated exposures to Lunar and Mars environments, combining bed rest and hypoxia
(LunHab & PlanHab projects), confirmed the central role of disuse/low gravity in affecting the

oxidative metabolism (namely peak O2 uptake) in short- and medium-term exposures.
Which physiological factors contribute primarily to these alterations is another intriguing question
that is still debated in the fields of space medicine and physiology, as well as in other complementary
areas such training/detraining and recovery/rehabilitation.
Although the multitude of “space analogues” research over the years has allowed to define clearly
the mean impairment of peak O2 uptake and its main determinants over the time and in different
type of exposures, the variability of the individual responses still needs consideration.
In a retrospective analysis we detected the individual responses of different variables defining the
oxidative metabolism, from a global to a site specific level, to normoxic (N-BR) and hypoxic (H-BR)
bed rests of 10 and 21 days (LunHab and PlanHab projects). As a first attempt, we directed the main
question whether the addition of hypoxia to bed rest and the length of exposure might influence the
spread of variation in the individual responses.
A first descriptive approach revels clearly a similar distribution of responses after N-BR and H-BR
after a short-term exposure, a greater dispersion induced by H-BR in a prolonged exposure, and a
progressively low to wide variability moving from peak O2 uptake to the intramuscular responses of
oxygen extraction and utilization. Further analyses on this direction may strongly elucidate not only
the weight of the variability of the primary outcome but also the different incidence of its
determinants.
Acknowledgements :- European Space Agency (Contract No. 4000104372/11/NL/KML; No.
4000124642/18/NL/PG/gm). Slovene Research Agency (Contract No. L3-3654). EU VII Framework
Program (PlanHab project, grant No. 284438).

SA008
Psychological status during hypoxic and normoxic inactivity/bed rest: applying Bayesian statistics to
the analysis of individual variability
Kunihito Tobita1, Igor B. Mekjavic2, 3, Nektarios A. M. Stavrou4, Adam C. McDonnell2
1

Osaka Prefecture University, Osaka, Japan 21Jozef Stefan Institute, Ljubljana, Slovenia 3Simon Fraser
University, Burnaby, Canada 4National and Kapodistrian University of Athens, Athens, Greece

Introduction
Future space-craft and habitat environments, for logistic reasons will likely be hypoxic. The bed rest
model is the gold standard for exploring the effects of space flight and investigating proposed
countermeasures to such, however, there is a paucity of data regarding the potential hypoxic
influence. Of recent interest to Space Agency’s is that of individual variation, something that cannot
be explored with astronauts due to anonymity. As such, we retrospectively analysed data collected

throughout three projects (LunHab:10-day male, PlanHab: 21-day male and FemHab: 10-day female)
to elucidate potentially masked individual variation in response to normoxic and hypoxic bed rest.
Methods
The POMS instrument was collected prior to (Pre) and following (Post), along with the mid way point
(Mid) and last day (Late) of the normoxic (NBR) and hypoxic bedrest (HBR) interventions. Total Mood
Disturbance (TMD) was calculated from these results. An analysis and comparison of the
psychological response to NBR or HBR was conducted with a combined Bayesian statistics and
Markov Chain Monte Carlo (MCMC) including the use of estimates sampled from posterior
distributions. A region of practical equivalence (ROPE) and 95% highest density interval of the
estimates were used as measures to find significant differences in the psychological responses . The
significance of ROPE of the standard deviation (SD) between groups was set at 2.0. The data were
analysed with the Bayesian generalised linear mixed model for the overall effect, with gender, time
(Pre, Mid, Late, Post) and condition (Hypoxia or Normoxia) as fixed effects and participants as
random effects.
Results
Individual variation is present in TMD and is increased during NBR and HBR (in condition) compared
to Pre and Post. SD does not change throughout NBR or HBR as a result of duration i.e., from the 10
to 21-day intervention. Females indicate greater SD or individual variation than males in HBR.
Discussion
The use of the Bayesian approach may provide accurate predictions of the expected variation and
outcomes in emotional state following a longer 60-day bed rest in a hypoxic environment, which may
be more reflective of future space sojourns.
Acknowledgements :- ESA project no.: 4000124642/18/NL/PG/gm

SA009
Individual variation in the vascular response to thermal challenges
Jennifer Wright1, Michael Tipton1, Heather Massey1, Clare Eglin1
1

University of Portsmouth, Portsmouth, United Kingdom

Non-freezing cold injury (NFCI) is caused by prolonged exposure to cold and/or wet conditions,
resulting in damage to both the peripheral vasculature and nerves. The aim of this study was to
compare the vascular responses to thermal challenges in NFCI patients (NFCI) with two matched
control groups, either with (COLD-CON) or without (CON) previous cold exposure. It was
hypothesised that NFCI would have reduced vascular function.

Participants (n=17 in each group) were matched for basic anthropometrics, fitness, sex, and
ethnicity. All undertook Cutaneous Local Heating (CLH) in 24.6(0.5)oC, involving the measurement of
cutaneous vascular conductance (CVC) whilst Great toe pad skin temperature was clamped at 33°C
for 10 min, 42°C for 20 min and finally 44°C for 15 min. A Cold Sensitivity Test (CST) was also
conducted in 30.5(0.9)oC air temperature, involving measurement of skin temperature (Tsk) and CVC
of the Great toe pad prior to and following immersion of the foot for 2 minutes in 15(0.1)oC water.
No significant differences were observed in CVC at 33°C, 42oC or 44oC during the CLH. During the CST,
no difference was observed in Great toe Tsk at baseline or 5 min post immersion. At 10 min post
immersion, Tsk was significantly warmer in CON vs. NFCI (P=0.044), however there was clear overlap
between groups (range: NFCI = 23.9 - 35.6oC, COLD-CON = 23.6 - 35.4oC, CON = 26.3 - 36.6oC). No
significant differences were seen in Great toe CVC at any time point.
Although a statistically significant difference was found in Great toe Tsk in the CST between NFCI and
CON, the overlap between groups means the hypothesis is only partially accepted. The large
individual variation in response to the CLH and CST despite the carefully controlled conditions, means
that their use as a diagnostic tool for NFCI is limited.
Acknowledgements :- The British Army - Army Health and Performance Research Group

SA010
Individual variation in an animal model of non-freezing cold injury
Clare Eglin1, Frank Golden1, Michael Tipton1
1

University of Portsmouth, Portsmouth, United Kingdom

Non-freezing cold injury (NFCI) is caused by prolonged exposure to cold and often wet conditions.
The pathophysiology is poorly understood, in part because of the wide variety of conditions (severity
and duration) that victims are exposed to when they contract the injury, which then contribute to
the variability of that injury. Therefore, there is a need to develop an animal model of NFCI which
standardises the injurious cold exposure.

Adult male Wistar rats, which had been habituated to the experimental procedure, were given an
injurious cold exposure (ICE) by placing their tail in 1 °C water for a total of 3 hours. Cold injury was
assessed using a cold sensitivity test (CST) involving immersion of the tail in 15 °C water for 10
minutes followed by spontaneous rewarming in 21 °C air. The time taken for active vasodilatation to
occur in the tail was the main outcome measure. Each animal acted as its own control. Three CSTs
were conducted (with an interval of several days) before ICE, and then weekly post injury for the first
month and periodically thereafter.

Time to vasodilation ranged from 5 to 90 minutes, this increased in 5/6 rats to between 10 and +100
minutes after ICE. Even in littermates, considerable variation was observed (pre: 5 to 35 minutes;
post ICE: 30 to +100 minutes; n = 4). To reduce potential sources of variation, protocol modifications
ensuring general vasoconstriction during the ICE and vasodilation during the CST were made. This
reduced the baseline CST variability (range 1.5 to 4.3 minutes), but variability still existed 4 weeks
post ICE (range 1 to 12 minutes).
Despite careful control of the environment and testing procedures, and the use of purebred Wistar
rats, large variability between animals was still observed.
Acknowledgements :- The authors would like to thank Lisa Martin, David Laight and Robert Inns for
their invaluable contributions. This project was funded by DSTL, Porton Down

SA011
It’s a feature not a bug! Variability and machine learning
Lindsay Edwards1
1

Late-stage Development, Respiratory and Immunology (R&I), BioPharmaceuticals R&D, Cambridge,
United Kingdom
Systems biology has been with us for several decades. While much has been written on the
differences between systems biology and traditional approaches, one key distinction is in the
experimental approaches used. Traditional hypothesis-driven biology attempts to introduce
controlled variability (for example due to an experimental agent or intervention) while minimizing
other sources of variability to maximise statistical power. Systems biology aims to learn models of
cell or system function which can then be used to test hypotheses (or treated as complex hypotheses
themselves). To learn models - whether mechanistic, statistical or machine learning-based - one must
explore as many possible states of the system as possible; in other words, experiments are designed
to maximise variability, or to study natural diversity. In my talk, I will discuss these fundamentally
different approaches to modelling data and present ways of thinking about cell states as coordinates
on a manifold (a manifold which is learned from data and describes all possible system states). I will
also discuss how these approaches might be useful.

Lindsay Edwards, VP & Head of AI, Late-stage Development, Respiratory and Immunology (R&I),
BioPharmaceuticals R&D, AstraZeneca, Cambridge, UK

SA012
Heterogeneity in cancer and mortality outcomes among UK oil refinery and petroleum distribution
workers.
Clare Frobisher1, Mike Hawkins1
1

University of Birmingham, Birmingham, United Kingdom

Cause-specific mortality and site-specific cancers experienced by a cohort of 28,548 oil refinery
workers and a cohort of 16,465 petroleum distribution workers have been investigated. These male
workers were employed 1946-1975, and had a minimum of 12 months employment.

Observed numbers of cause-specific deaths and site-specific cancers were compared with the
expected numbers based on general population rates for the period concerned to produce
Standardised Mortality Ratios (SMRs) and Standardised Incidence Ratios (SIRs). For specific causes of
death and specific cancer sites with observed numbers statistically significantly in excess of expected
we investigated for evidence of heterogeneity in the excess in relation to: year of death; period from
commencing employment; decade of hire; job type. This was undertaken by investigating variation
in the SMRs and SIRs by the stated potential explanatory factors and subsequently using
multivariable Poisson regression models to produce adjusted relative risks (RRs).
For the oil refinery workers the only causes of death found to occur in excess of expected were:
asbestosis (SMR (95% CI): 3.10 (2.00 to 4.81)) and mesothelioma (SMR (95% CI): 2.37 (2.02-2.78)). By
year of death, period from commencing employment and decade of hire there was no significant
heterogeneity for either cause of death. However for mesothelioma deaths there was significant
heterogeneity in the SMRs and RRs by job type.
For the oil refinery workers statistically significant excess numbers were seen for non-melanoma skin
cancer ((SIR (95% CI) 1.15 (1.10-1.20)) and mesothelioma (SIR (95% CI) 2.38 (2.07-2.74)). By year of
death, period from commencing employment, decade of hire and job type there was no significant
heterogeneity in the excess for either cancer, except that mesothelioma varied by job type.
For the petroleum distribution workers the only cause of death that was in excess was prostate
cancer (SMR (95% CI): 1.13 (1.01 to 1.26)). By the potential explanatory factors there was no
significant heterogeneity in the SMRs/RRs for prostate cancer deaths.
For the petroleum distribution workers statistically significant excesses were seen for lip cancer (SIR
(95% CI) 1.87 (1.18 to 2.96)), non-melanoma skin cancer ((SIR (95% CI) 1.08 (1.02 to 1.14)), bladder
cancer (SIR (95% CI) 1.19 (1.07 to 1.32)) and connective tissue cancer (SIR (95% CI): 1.43 (1.00 to
2.05)). By the potential explanatory factors there was no significant heterogeneity for these cancer
sites except for non-melanoma skin cancer by period from commencing employment and job type.
SMRs from different groups of individuals cannot be compared because the population structures of
the groups may differ, for example by age. Therefore, we ran multivariable Poisson regression
models to adjust for such differences in population structure.
Acknowledgements :- Funding: The Energy Institute

SA013
Adaptation to hypoxia: Variability is the key to life
Daniel Martin1
1

University of Plymouth, Plymouth, United Kingdom

Life on Earth began around 3.5 billion years ago, when there was very little molecular oxygen in the
atmosphere. Following the evolution of photosynthesis, oxygen (its potentially toxic waste product)
began to accumulate in the atmosphere. Since then life has been continuously responding and
adapting to changes in the availability of oxygen. Virtually all animal life on Earth requires oxygen to
survive, so it is not surprise that responding and adapting to hypoxia has been such a key component
of its evolution. Huge variability exists in the way different animals respond to hypoxia. Interesting
outliers include the blind subterranean mole whose burrow contains air with only 7% oxygen; the
bar-headed goose that flies across the Himalaya and back annually; and the crucian carp which
employs a unique metabolic adaptation to survive long periods of anoxia in frozen water. Humans
too, show great variation between races, in particular those who have evolved at high altitude.
Tibetans evolved at 3000-4500m with a higher resting ventilation but lower arterial oxygen content
and saturation than other populations. By comparison, Andeans, who have evolved at a similar
altitude have a normal resting ventilation, higher haemoglobin concentration and decreased oxygen
saturation. Ethiopians, however, have evolved at a lower altitude and have a greater resemblance to
sea-level populations. Both similarity and variation exist between these populations in terms of
genetic selection. At an individual level, variability in the response to hypoxia provides us with the
opportunity to ask why people different from one another, rather than trying to find ways of making
them look the same. Pushing human physiology to its absolute limit at the summit of Everest has led
us to look at variability rather than similarity.

SA014
Variability in Covid-19 Outcomes
Hugh Montgomery1
1

University College London, London, United Kingdom

SARS-CoV-2 is highly infectious and Covid-19, the disease which it causes, lethal to perhaps 1% of
those infected. Public policy responses are based upon such figures. But this narrative does not tell
the whole truth.

Amongst those who are otherwise healthy and aged under 19 years, mortality rates are close to zero.
But for those aged over 90, mortality can be as high as 70%. Why?
Men are nearly twice as likely to suffer severe disease. The obese are at far greater risk. BAME
groups are more severely affected. Why?
Further, clinical course varies. A quarter of those on intensive care will suffer acute renal failure.
Some, but not all, suffer blood clots in the major lung arteries. Some have strokes, fits or heart injury.
But not all. And 75% survive ICU care, whilst a quarter do not.
Understanding the causes of such heterogeneity may guide us to both novel treatments, but also to
novel policy responses.
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Background: Perception of thermal comfort is established by the cortical integration of
thermoafferent information from the skin and deep body regions. Behavioural thermoregulatory
actions, initiated by the perception of thermal discomfort, precede the more metabolically costly
autonomic thermoregulatory responses. In industrial settings thermal discomfort-induced
behavioural modifications may not be possible to implement, thus further compromising thermal
comfort. This may eventually have a detrimental effect on safety, productivity, and more importantly
on the health and well-being of the workers. The perception of thermal (dis)comfort is highly
individualised, and the factors contributing to this individual variability are not well defined. This
study demonstrates the use of machine learning methodology in assessing the drivers of thermal
(dis)comfort. Methods: Data from several laboratory and field studies were combined for the present
analysis. The analysis includes physiological (core and skin temperatures), environmental (air
temperature, relative humidity, radiant heat, and air velocity), subjective (thermal comfort, thermal
sensation, and perceived exertion), and anthropometric (height, weight, and age) data. All data were
analysed using a logistic regression analysis with a forward stepwise method and classification
decision tree generated by this analysis. Results: The results of the laboratory study showed that
microclimate relative humidity has the greatest impact on thermal comfort, as according to 78 % of
all participants there is a 63 % chance of discomfort when it exceeds 60 %. Other important factors
were the heart rate, sweating rate and water content within the clothing. In the field study, the
factor with the greatest impact on thermal comfort was ambient temperature, with 61 % chance of
thermal discomfort when air temperature exceeds 29 °C, according to 68 % of the participants. Other

important factors were also perceived exertion and body mass index. Conclusions: The main factors
influencing thermal (dis)comfort are primarily exogenous factors associated with the perception of
the surrounding environment (ambient and microclimate), and secondly endogenous non-thermal
factors (effort).
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National and international Standards set specifications for Diesel and Gasoline. These place
requirements on various fuel characteristics, which are measured in well-defined test procedures.
Two such tests used for diesel are the CFPP test (for Filter blocking at low temperatures due to wax
crystallisation) and the HFRR test (for lubricity of Diesel Injection pumps).

The ISO 4259 series of standards specifies how to run an Inter Laboratory Study to quantify the
variability of a test using a precision statement. The standard also lays down how suppliers and
vendors should use the precision statement and how it can be used to settle disputes.

Precision Statements describe the precision of the method under repeatability conditions (near as
identical test set-up) and reproducibility conditions most diverse set-up). The change in precision
over the measurement level is typically described by a power law (or log) with an arbitrary origin. For
HFRR, the precision statement describes precision is constant, whereas for CFPP the precision
increases linearly as temperature decreases.

By compiling data from multiple studies and looking at the variability measured on individual fuels,
we find that in some cases at least the precision statement is a great simplification of the reality. For
HFRR, there is evidence that variability increases with the mean level up to a point and then drops
back to another level. For CFPP, some fuels have much worse variability than the precision statement
predicts.

The current ISO 4259 process for generating precision statements has demonstrated its effectiveness
in supporting a mature quality control system. However, there are unanswered questions about how
to make the precision statements more representative of reality without compromising the dispute

resolution process.
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There has been a resurgence of interest in heterogeneity of treatment effect (HTE) - differences
between individuals in the effect of an intervention. This presentation focuses on parallel arm
randomised controlled trials with a continuous primary outcome and pre- and post-intervention
measures. This design is best suited to chronic physiological adaptations. Simply, for a continuous
outcome variable in a randomised trial, a larger response variance in the treatment group than that
in the control group suggests HTE across types of participants. A control group providing the
counterfactual is a sine qua non for estimating HTE for relatively long-term adaptations. In
uncontrolled, single-arm, before-and-after studies, control group data from another applicable trial,
or data from a reliability study on the same outcome variable conducted over the same duration as
the intervention, could be used to explore potential HTE. Nevertheless, this approach is no substitute
for the contemporaneous control group in a RCT. In short, HTE cannot be quantified robustly without
a control group providing information on what would have happened to participants in the
treatment arm if, contrary to the fact, they had been in the control arm. Our preferred analysis
approach to quantify HTE is an ANCOVA (conditioning on the baseline value of the outcome) or a
constrained baseline longitudinal analysis. A random effect is specified allowing for different
response variance in the intervention and control arms. Any HTE is quantified as a standard deviation
(SD). The net mean treatment effect may be combined with this SD for individual responses to derive
a distribution for the ‘true’ treatment effect. Using this distribution, the proportion of participants
responding beyond important physiological or clinical thresholds may be derived, with confidence
intervals calculated from analytic formulae or bootstrap methods. Any HTE may be explored using
appropriately specified interactions of participant-level characteristics with treatment.
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Personalised medicine is relevant to any researcher who is interested in quantifying ‘true’ and
clinically important individual differences in the response to an intervention or treatment and
identifying any individual moderators or mediators of that response. By “true”, I mean individual

response differences that are not merely random trial-to-trial variability in disguise. By “clinically
important”, I mean individual differences that exceed a well-rationalised minimal clinically important
target change.

“Responders” or “non-responders” cannot be identified simply by looking at data from a twocondition (control and intervention) crossover experiment. This is because an observed response is
comprised of the true response as well as random trial-to-trial within-subjects variability. This
random variability in biological measurements from day-to-day or week–to-week is always present to
some extent, and may itself vary between individuals. Importantly, it is this component of variance
on its own which makes it look as though individual differences in treatment response exist, when
they may not. This situation cannot be rectified by approaches like variance components analysis,
linear mixed models or machine learning, since it is a fundamental study design issue.
For within-subjects studies, an informative design for quantifying individual response differences is
the replicated crossover design, as covered extensively by Stephen Senn. Here, the control and
intervention conditions are administered at least twice to each participant, with the sequence of the
four trials randomised. This design allows the partitioning of random trial-to-trial variability and the
derivation of the intervention by participant interaction term from the statistical model, thereby
isolating true individual differences in response. A related design is the “n=1 trial”.
Ascertaining whether there is true response heterogeneity that is large enough to be clinically
relevant is a crucial platform for precision medicine. If the individual differences in response are
found to be not clinically important, the need to proceed to explore individual moderators and
mediators of response can be questioned. Such explorations could be wasteful in terms of participant
time as well as money from a funding body if clinically important response heterogeneity has not
been confirmed a priori.

