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The	
  lab	
  in	
  your	
  pocket:	
  taking	
  control	
  of	
  your	
  health	
  
Since	
  the	
  iPhone	
  appeared	
  in	
  2007,	
  we	
  have	
  come	
  to	
  rely	
  on	
  the	
  Smartphone	
  in	
  the	
  pocket	
  to	
  manage	
  our	
  
lives	
  and	
  to	
  entertain	
  us.	
  Recently	
  there	
  has	
  been	
  an	
  explosive	
  growth	
  of	
  apps	
  to	
  help	
  us	
  with	
  our	
  health,	
  
but	
  few	
  do	
  more	
  than	
  save	
  data	
  that	
  has	
  been	
  collected	
  from	
  other	
  devices	
  and	
  most	
  are	
  concerned	
  with	
  
life-­‐style,	
  not	
  health.	
  

The	
  latest	
  devices	
  emerging	
  to	
  be	
  incorporated	
  in	
  our	
  Smartphones	
  are	
  tools,	
  not	
  toys.	
  They	
  are	
  regulated	
  
medical	
  products	
  that	
  have	
  massive	
  implications	
  for	
  our	
  health	
  and	
  for	
  the	
  management	
  of	
  health	
  
services.	
  

A	
  lesson	
  from	
  history	
  

The	
  first	
  real	
  camera	
  phone	
  was	
  produced	
  by	
  Sharp	
  in	
  November	
  2000.	
  It	
  had	
  
0.11	
  megapixels	
  and	
  took	
  pictures	
  like	
  this1:	
  

Recently	
  I	
  was	
  walking	
  my	
  dog	
  by	
  Lac	
  Léman	
  early	
  in	
  the	
  morning	
  and	
  took	
  this	
  
picture	
  of	
  sunrise	
  with	
  my	
  2014	
  Samsung	
  Galaxy	
  S5.	
  In	
  just	
  14	
  years	
  we	
  had	
  gone	
  
from	
  an	
  entertaining	
  toy	
  to	
  a	
  functional	
  tool	
  –	
  I	
  do	
  not	
  own	
  any	
  other	
  camera.	
  And	
  
film	
  (and	
  the	
  companies	
  that	
  make	
  it)	
  has	
  almost	
  died.	
  

Similarly,	
  not	
  long	
  after	
  the	
  first	
  camera	
  phone,	
  I	
  bought	
  a	
  GPS	
  module	
  to	
  plug	
  on	
  to	
  my	
  Nokia	
  
Communicator.	
  It	
  worked	
  well	
  but	
  it	
  cost	
  another	
  $100	
  on	
  top	
  of	
  the	
  ‘phone	
  and	
  –	
  most	
  importantly	
  –	
  was	
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never	
  with	
  me	
  when	
  I	
  needed	
  it.	
  Now	
  we	
  can	
  all	
  navigate	
  around	
  a	
  strange	
  city	
  with	
  ease	
  and	
  I’ve	
  stopped	
  
carrying	
  paper	
  maps	
  of	
  London,	
  Paris	
  and	
  Brussels.	
  

Today	
  you	
  would	
  not	
  consider	
  buying	
  a	
  ‘phone	
  that	
  did	
  not	
  have	
  a	
  good	
  camera	
  and	
  a	
  good	
  satnav,	
  built-­‐
in	
  and	
  always	
  with	
  you.	
  

Smartphones	
  and	
  health	
  

In	
  2011	
  we	
  were	
  told	
  by	
  an	
  eminent	
  venture	
  capitalist	
  that	
  “no-­‐one	
  will	
  want	
  to	
  use	
  their	
  ‘phone	
  for	
  
health”.	
  	
  According	
  to	
  research2guidance2	
  there	
  are	
  now	
  more	
  than	
  100,000	
  mHealth	
  apps	
  for	
  IOS	
  and	
  
Android.	
  That	
  is	
  a	
  massive	
  change	
  in	
  perception	
  and	
  the	
  market	
  in	
  3	
  years	
  –	
  remarkable	
  in	
  the	
  traditional	
  
medical	
  sector	
  but	
  not	
  unusual	
  for	
  consumer	
  products,	
  where	
  word-­‐of-­‐mouth	
  and	
  fashion	
  drives	
  change.	
  

But	
  if	
  you	
  look	
  at	
  the	
  breakdown,	
  only	
  1.6%	
  of	
  those	
  apps	
  are	
  concerned	
  with	
  diagnosis.	
  

	
  

Even	
  fewer	
  actually	
  take	
  measured	
  data	
  from	
  sensors,	
  and	
  even	
  fewer	
  than	
  that	
  use	
  sensors	
  that	
  are	
  
integrated	
  with	
  the	
  Smartphone.	
  	
  

Alivecor’s	
  product	
  comes	
  close.	
  It	
  fits	
  
onto	
  the	
  back	
  of	
  a	
  Smartphone	
  and	
  
records	
  an	
  ECG	
  signal	
  between	
  the	
  
two	
  hands.	
  It	
  is	
  a	
  regulated	
  medical	
  
device,	
  approved	
  by	
  FDA	
  in	
  the	
  US	
  
and	
  with	
  a	
  CE	
  mark	
  in	
  Europe.	
  
Equally	
  importantly,	
  Alivecor	
  has	
  an	
  
app	
  that	
  is	
  also	
  approved	
  by	
  
Regulators	
  for	
  the	
  early	
  diagnosis	
  of	
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atrial	
  fibrillation.	
  	
  This	
  is	
  not	
  a	
  toy;	
  it	
  is	
  a	
  diagnostic	
  tool	
  that	
  can	
  save	
  lives	
  by	
  early	
  recognition	
  of	
  medical	
  
conditions.	
  Extensive	
  research	
  has	
  shown	
  that	
  it	
  is	
  both	
  effective3	
  and	
  cost-­‐effective	
  –	
  the	
  early	
  diagnosis	
  
results	
  in	
  saving	
  of	
  money	
  for	
  the	
  health	
  system	
  as	
  well.	
  

The	
  Alivecor	
  product	
  is	
  one	
  of	
  the	
  few	
  on	
  the	
  market	
  that	
  support	
  Dr	
  Eric	
  Topol’s	
  observation4	
  that	
  
“We’re	
  at	
  an	
  inflection	
  point,	
  or	
  transition,	
  from	
  lifestyle	
  health	
  stuff	
  to	
  medical	
  metrics".	
  Scanadu5	
  is	
  close	
  
to	
  releasing	
  a	
  product	
  that	
  similarly	
  enables	
  a	
  Smartphone	
  to	
  make	
  useful	
  medical	
  measurements	
  and	
  is	
  
small	
  enough	
  to	
  carry	
  with	
  you.	
  Quanttus6	
  has	
  recently	
  come	
  out	
  of	
  stealth	
  mode	
  with	
  its	
  concept.	
  

The	
  next	
  step	
  is	
  to	
  incorporate	
  the	
  sensor	
  into	
  the	
  Smartphone,	
  just	
  as	
  the	
  camera	
  and	
  GPS	
  receiver	
  are	
  
incorporated.	
  For	
  that	
  it	
  must	
  be	
  small	
  and	
  cheap,	
  but	
  still	
  meet	
  all	
  the	
  standards	
  of	
  accuracy	
  and	
  
usability	
  demanded	
  to	
  be	
  a	
  regulated	
  medical	
  device.	
  My	
  company	
  is	
  currently	
  trialling	
  such	
  a	
  device.	
  

LMD’s	
  Smartphone	
  Blood	
  Pressure	
  System	
  

We	
  are	
  testing	
  production	
  samples	
  of	
  a	
  device	
  that	
  measures	
  blood	
  
pressure	
  as	
  well	
  as	
  pulse	
  rate,	
  blood	
  oxygen	
  concentration,	
  respiration	
  
rate,	
  body	
  temperature	
  and	
  ECG,	
  all	
  to	
  medical	
  standards	
  of	
  accuracy.	
  
Its	
  unique	
  feature	
  is	
  the	
  ability	
  to	
  measure	
  blood	
  pressure,	
  which	
  it	
  
does	
  by	
  a	
  variation	
  of	
  the	
  classic	
  Riva-­‐Rocci	
  technique	
  of	
  occluding	
  an	
  
artery.	
  The	
  variation	
  is	
  to	
  use	
  the	
  artery	
  on	
  the	
  side	
  of	
  the	
  index	
  finger,	
  
detecting	
  occlusion	
  optically	
  and	
  getting	
  user	
  to	
  vary	
  how	
  hard	
  to	
  press	
  
rather	
  than	
  pumping	
  a	
  cuff.	
  On	
  test	
  it	
  as	
  at	
  least	
  as	
  accurate	
  as	
  a	
  cuff.	
  All	
  
the	
  other	
  vital	
  signs	
  are	
  measured	
  conventionally	
  so	
  have	
  similar	
  
accuracy	
  to	
  existing	
  products.	
  

There	
  is	
  a	
  virtuous	
  circle.	
  By	
  using	
  mass	
  
consumer	
  technology,	
  it	
  can	
  be	
  cheap	
  enough	
  to	
  
build	
  into	
  every	
  Smartphone.	
  If	
  it’s	
  built	
  into	
  
every	
  Smartphone,	
  we	
  can	
  manufacture	
  it	
  
cheaply.	
  	
  

	
  The	
  picture	
  shows	
  a	
  user	
  measuring	
  blood	
  
pressure.	
  We	
  make	
  it	
  into	
  a	
  game	
  –	
  in	
  this	
  version	
  
the	
  cloud	
  moves	
  across	
  the	
  screen	
  to	
  set	
  the	
  
target	
  pressure	
  and	
  the	
  user	
  presses	
  on	
  the	
  
module	
  to	
  move	
  the	
  flowerpot	
  to	
  collect	
  the	
  rain.	
  
Within	
  around	
  30	
  seconds,	
  the	
  blood	
  pressure	
  is	
  
found.	
  	
  

By	
  making	
  it	
  a	
  game,	
  at	
  home	
  and	
  not	
  at	
  the	
  
doctor’s	
  office,	
  we	
  avoid	
  the	
  notorious	
  “white	
  coat	
  
syndrome”	
  that	
  causes	
  artificially	
  high	
  readings.	
  
And	
  we	
  measure	
  much	
  more	
  than	
  just	
  systolic	
  
and	
  diastolic	
  blood	
  pressure.	
  For	
  example,	
  we	
  
find	
  the	
  stiffness	
  of	
  the	
  artery,	
  another	
  valuable	
  
diagnostic.	
  

LMD’s	
  module,	
  about	
  15mm	
  long	
  

Measuring	
  blood	
  pressure	
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Health	
  consequences	
  of	
  “not	
  a	
  toy”	
  

Our	
  product,	
  and	
  probably	
  many	
  others	
  to	
  follow,	
  will	
  make	
  medical	
  measurements	
  as	
  easy	
  as	
  checking	
  
your	
  email	
  –	
  always	
  with	
  you,	
  medically	
  accurate	
  and	
  free	
  to	
  use.	
  With	
  Smartphone	
  sales	
  running	
  at	
  
around	
  1	
  billion	
  per	
  year,	
  very	
  quickly	
  most	
  people	
  in	
  the	
  world	
  will	
  be	
  able	
  to	
  monitor	
  their	
  vital	
  signs.	
  

This	
  could	
  have	
  a	
  qualitative	
  impact	
  on	
  health.	
  Consider	
  hypertension,	
  the	
  medical	
  condition	
  that	
  
corresponds	
  to	
  high	
  blood	
  pressure:	
  

• It	
  is	
  called	
  the	
  “silent	
  killer”	
  because	
  it	
  usually	
  has	
  no	
  symptoms	
  until	
  the	
  effects	
  are	
  serious.	
  11%	
  of	
  
US	
  adults	
  have	
  undiagnosed	
  hypertension7.	
  75%	
  of	
  the	
  English	
  population	
  do	
  not	
  know	
  their	
  blood	
  
pressure8.	
  

• The	
  World	
  Health	
  Organisation	
  has	
  found	
  that	
  27%	
  of	
  global	
  population	
  is	
  hypertensive,	
  rising	
  to	
  
57%	
  after	
  age	
  60	
  –	
  not	
  just	
  in	
  the	
  rich	
  countries.	
  

• Hypertension	
  causes	
  51%	
  of	
  stroke	
  &	
  45%	
  of	
  coronary	
  heart	
  disease	
  deaths9,	
  which	
  means	
  that	
  it	
  
causes	
  around	
  7.1	
  million	
  deaths	
  per	
  year	
  world-­‐wide	
  (~	
  13%	
  of	
  all	
  deaths)10.	
  To	
  put	
  that	
  in	
  context,	
  
that	
  is	
  one	
  death	
  every	
  4.4	
  seconds	
  caused	
  by	
  hypertension.	
  	
  

• Hypertension	
  can,	
  in	
  most	
  cases,	
  be	
  eliminated	
  by	
  a	
  combination	
  of	
  readily-­‐available	
  inexpensive	
  
medication	
  and	
  lifestyle	
  changes.	
  

We	
  commissioned	
  the	
  Institute	
  of	
  Health	
  Economics	
  and	
  Management	
  at	
  the	
  University	
  of	
  Lausanne	
  to	
  
investigate	
  the	
  health	
  implications	
  of	
  widespread	
  blood	
  pressure	
  measurements.	
  We	
  asked	
  them	
  to	
  
restrict	
  the	
  analysis	
  to	
  two	
  of	
  the	
  most	
  important	
  conditions	
  –	
  Coronary	
  Heart	
  Disease	
  (CHD)	
  and	
  Stroke.	
  
UniL	
  built	
  a	
  Markov	
  decision	
  model11	
  to	
  compare	
  the	
  health	
  outcomes	
  of	
  opportunistic	
  detection	
  (where	
  
hypertension	
  is	
  found	
  when	
  the	
  person	
  is	
  undergoing	
  treatment	
  for	
  some	
  other	
  condition)	
  with	
  detection	
  
because	
  the	
  person	
  has	
  used	
  the	
  device	
  in	
  his	
  Smartphone.	
  Hypertension	
  is	
  more	
  common	
  in	
  men,	
  hence	
  
the	
  reference	
  to	
  “his”	
  Smartphone,	
  but	
  it	
  also	
  occurs	
  frequently	
  in	
  women.	
  The	
  model	
  follows	
  the	
  change	
  
in	
  the	
  person’s	
  health	
  every	
  year	
  statistically,	
  so	
  is	
  able	
  to	
  estimate	
  the	
  change	
  in	
  life	
  expectancy	
  
whenever	
  hypertension	
  is	
  first	
  detected.	
  

The	
  model	
  was	
  populated	
  with	
  data	
  from	
  England,	
  where	
  the	
  integrated	
  health	
  service	
  is	
  able	
  to	
  collect	
  
comprehensive	
  data.	
  Data	
  was	
  included	
  for	
  the	
  prevalence	
  of	
  hypertension,	
  the	
  probability	
  that	
  it	
  is	
  
undetected,	
  the	
  probability	
  that	
  the	
  person	
  will	
  seek	
  medical	
  help	
  if	
  it	
  is	
  diagnosed,	
  and	
  the	
  consequences	
  
for	
  life	
  expectancy	
  of	
  that	
  medical	
  help.	
  	
  

Health	
  economists	
  usual	
  express	
  health	
  benefits	
  as	
  Quality	
  Adjusted	
  Life	
  Years	
  (QALY)	
  or	
  Days	
  (QALD).	
  If	
  
a	
  treatment	
  adds	
  on	
  average	
  one	
  year	
  of	
  normal	
  health	
  to	
  the	
  patient’s	
  life,	
  he	
  has	
  gained	
  1	
  QALY.	
  If	
  it	
  
adds	
  two	
  years	
  but	
  they	
  are	
  two	
  years	
  of	
  being	
  ill	
  or	
  incapacitated,	
  the	
  Quality	
  of	
  life	
  is	
  lower	
  so	
  he	
  might	
  
only	
  have	
  gained	
  1.5	
  QALY.	
  If	
  the	
  results	
  are	
  being	
  used	
  to	
  plan	
  health	
  policy,	
  it	
  is	
  usual	
  to	
  discount	
  future	
  
benefits	
  (and	
  costs)	
  at	
  a	
  rate	
  of	
  around	
  3%	
  per	
  year,	
  arguing	
  that	
  younger	
  people	
  attribute	
  less	
  value	
  to	
  
an	
  added	
  year	
  on	
  the	
  end	
  of	
  their	
  lifes	
  than	
  people	
  for	
  whom	
  it	
  is	
  more	
  immediate.	
  We	
  asked	
  UniL	
  to	
  
provide	
  also	
  the	
  un-­‐discounted	
  values	
  because	
  they	
  are	
  easier	
  to	
  understand.	
  	
  

This	
  average	
  benefit	
  that	
  a	
  person	
  who	
  does	
  not	
  know	
  his	
  blood	
  pressure	
  will	
  receive	
  from	
  buying	
  and	
  
using	
  a	
  Smartphone	
  that	
  measures	
  blood	
  pressure	
  is	
  summarised	
  below.	
  The	
  bias	
  to	
  younger	
  people	
  is	
  
even	
  greater	
  than	
  this	
  chart	
  implies	
  –	
  around	
  90%	
  of	
  men	
  age	
  30	
  to	
  39	
  do	
  not	
  know	
  their	
  blood	
  pressure,	
  
so	
  they	
  are	
  more	
  likely	
  to	
  benefit.	
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The	
  biggest	
  benefits	
  are	
  for	
  an	
  average	
  man	
  in	
  his	
  thirties,	
  who	
  will	
  add	
  around	
  half	
  a	
  year	
  to	
  his	
  life	
  
expectancy	
  by	
  buying	
  and	
  using	
  a	
  Smartphone	
  that	
  measures	
  blood	
  pressure,	
  and	
  we	
  are	
  working	
  to	
  
include	
  incentives	
  for	
  the	
  user	
  to	
  make	
  regular	
  measurements	
  and	
  to	
  act	
  on	
  the	
  results.	
  

The	
  study	
  also	
  looked	
  at	
  the	
  costs	
  of	
  treatment,	
  including	
  the	
  cost	
  of	
  a	
  visit	
  to	
  the	
  doctor	
  to	
  confirm	
  the	
  
results	
  of	
  the	
  Smartphone	
  test,	
  the	
  cost	
  of	
  medication	
  and	
  the	
  savings	
  from	
  reduced	
  incidence	
  of	
  Coronary	
  
Heart	
  Disease	
  and	
  Stroke.	
  The	
  cost	
  is	
  on	
  average	
  less	
  than	
  5	
  euro	
  per	
  QALD.	
  In	
  England,	
  where	
  this	
  data	
  
was	
  taken,	
  the	
  threshold	
  for	
  a	
  cost-­‐effective	
  treatment	
  is	
  usually	
  assumed	
  to	
  be	
  around	
  80	
  euro	
  per	
  QALD.	
  

Implications	
  for	
  society	
  

This	
  study	
  only	
  looked	
  at	
  one	
  of	
  the	
  possible	
  measurements	
  with	
  the	
  kind	
  of	
  capability	
  that	
  is	
  appearing	
  
on	
  Smartphones	
  (blood	
  pressure)	
  and	
  only	
  two	
  of	
  the	
  possible	
  conditions	
  –	
  hypertension	
  causes	
  many	
  
other	
  problems	
  search	
  as	
  kidney	
  damage	
  and	
  blindness.	
  It	
  did	
  not	
  consider	
  the	
  many	
  other	
  conditions	
  
that	
  can	
  be	
  diagnosed	
  from	
  the	
  same	
  data,	
  such	
  as	
  arrhythmias	
  and	
  atrial	
  fibrillation,	
  or	
  the	
  other	
  data	
  
that	
  is	
  generated	
  by	
  the	
  device	
  –	
  your	
  temperature,	
  shortness	
  of	
  breath,	
  altitude	
  effects	
  ….	
  Neither	
  did	
  it	
  
consider	
  whole	
  new	
  areas	
  of	
  analysis,	
  exploiting	
  the	
  simultaneous	
  measurement	
  of	
  several	
  different	
  
parameters.	
  

It	
  still	
  found	
  a	
  very	
  large	
  health	
  benefit.	
  To	
  put	
  it	
  in	
  context,	
  for	
  around	
  50	
  years	
  life	
  expectancy	
  has	
  been	
  
rising	
  by	
  around	
  2	
  years	
  per	
  decade.	
  Ten	
  years	
  of	
  all	
  of	
  the	
  world’s	
  research,	
  medical	
  practice,	
  improved	
  
diets	
  and	
  health	
  information	
  add	
  on	
  average	
  2	
  years	
  to	
  our	
  lives.	
  Just	
  one	
  aspect	
  of	
  the	
  emerging	
  
Smartphone	
  technology	
  adds	
  6	
  months.	
  

But	
  it	
  goes	
  deeper.	
  Developed	
  countries	
  are	
  being	
  swamped	
  by	
  healthcare	
  costs	
  –	
  the	
  USA	
  spends	
  over	
  4	
  
times	
  as	
  much	
  on	
  healthcare	
  as	
  on	
  the	
  military.	
  Less	
  wealthy	
  countries	
  cannot	
  afford	
  to	
  provide	
  even	
  
basic	
  healthcare.	
  Medically-­‐accurate	
  measurement	
  on	
  a	
  Smartphone,	
  with	
  its	
  capability	
  to	
  communicate	
  
and	
  share	
  information,	
  is	
  one	
  way	
  to	
  reduce	
  costs	
  in	
  the	
  developed	
  countries	
  and	
  to	
  increase	
  availability	
  
in	
  those	
  less	
  wealthy.	
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The	
  key	
  to	
  this	
  revolutionary	
  change	
  is	
  wide	
  availability	
  by	
  including	
  the	
  sensor	
  and	
  its	
  app	
  in	
  the	
  one	
  
piece	
  of	
  technology	
  that	
  virtually	
  everyone	
  on	
  the	
  planet	
  carries	
  –	
  a	
  ‘phone.	
  We	
  are	
  moving	
  from	
  the	
  
current	
  low	
  volume,	
  high	
  price	
  business	
  model	
  of	
  medical	
  devices	
  to	
  the	
  consumer	
  world	
  of	
  high	
  volume,	
  
low	
  price.	
  By	
  using	
  consumer	
  technology	
  we’ve	
  brought	
  the	
  cost	
  to	
  the	
  Smartphone	
  maker	
  down	
  to	
  that	
  
of	
  the	
  other	
  devices	
  in	
  the	
  ‘phone	
  -­‐	
  the	
  camera,	
  battery	
  or	
  screen	
  -­‐	
  whilst	
  maintaining	
  medical	
  quality.	
  

Topol	
  was	
  right	
  –	
  we’re	
  at	
  an	
  inflection	
  point.	
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