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Abstract   
  

This   document   describes   in   broad   strokes   the   Natural   Cycles°   algorithm,   which   identifies   
ovulation   and   returns   a   daily   fertility   status   for   both   NC°   Birth   Control   and   NC°   Plan   Pregnancy.   
Using   inputs   such   as   basal   body   temperature   and   menstruation,   the   algorithm   learns   over   time   to   
provide   a   customized   solution   for   each   individual   user   and   cycle.   The   algorithm’s   performance   
and   the   product’s   contraceptive   effectiveness   has   been   repeatedly   studied   and   validated   with   
large   quantities   of   data   -   a   process   that   is   also   described   in   this   document   together   with   its   
results.   

   

  



  
  

Introduction   
  

As  for  many  other  companies,  where  algorithms  are  the  core  in  their  innovation  and  valuation,  the                                 
details  of  the  algorithm  are  kept  secret  to  protect  its  most  valuable  asset.  However,  based  on  the                                   
feedback  from  healthcare  professionals  that  we  work  together  with  and  from  you,  Cyclers,  we                             
thought  that  it’s  time  to  present  a  description  of  the  algorithm  with  a  little  more  detail  than  we’ve                                     
previously   revealed.     
  

Firstly  it  is  important  to  note  that  the  Natural  Cycles°  fertility  algorithm  is  based  on  complex                                 
statistical  analysis  developed  by  physicists  and  therefore  not  straightforward  to  explain  in  a                           
simple  matter  for  everyone  to  understand.  It  uses  advanced  statistical  methods  to  learn  from                             
patterns  from  historical  data  for  the  individual  user  and  covers  many  edge  cases  and  scenarios,                               
such  as  coming  off  hormonal  contraception  or  having  a  miscarriage.  It  has  been  optimized  with                               
more  and  more  data  using  for  instance  machine  learning  techniques  over  the  last  8  years.                               
Therefore  the  description  you  will  read  here  is  a  much  simplified  description  of  the  actual                               
algorithm,   to   give   you   a   digestible   overview   of   how   it   works.     
  

In  one  sentence,  Natural  Cycles°  algorithm  rapidly  learns  from  previously  recorded  cycles                         
from  the  same  user,  to  provide  a  tailor-made  solution  for  each  individual  cycle  in  order  to                                 
detect  and  predict  ovulation,  and  thus  to  identify  fertility.  Natural  Cycles  also  suggests  when  to                               
test  for  the  occurrence  of  the  Luteinizing  Hormone  (LH)  to  pinpoint  an  individual’s  most  fertile                               
days.  This  optional,  but  powerful  feature  of  Natural  Cycles,  boosts  the  accuracy  of  the  ovulation                               
detection   and   the   fertility   prediction   even   further.      
  

The  algorithm  serves  two  products  -  NC°  Birth  Control  and  NC°  Plan  Pregnancy.  Figure  1  shows                                 
how  the  app  may  look  like  for  a  specific  user  for  the  two  different  products.  The  core  of                                     
accurately  detecting  ovulation  is  the  same  for  both  products,  but  there  are  differences  in  the  risk                                 
profile  -  for  NC°  Birth  Control  the  algorithm  is  optimized  to  have  a  very  low  risk  of  wrongly                                     
attributing  a  green  (safe)  day  in  the  fertile  window,  while  for  NC°  Plan  Pregnancy  it  is  optimized  to                                     
better  isolate  the  fertile  window  and  the  most  fertile  days.  While  using  NC°  Birth  Control  the  user                                   
gets  either  green  (non-fertile)  and  red  (use  protection)  days.  On  the  other  hand,  NC°  Plan                               
Pregnancy  users  get  a  fertility  scale  ranging  from  green  (not  fertile)  to  the  darkest  shade  of  red                                   
(peak  fertility).  This  description  focuses  on  the  core  of  the  algorithm  -  ovulation  detection  and                               
prediction  (common  to  both  products)  and  NC°  Birth  Control  features  and  validation.  Additionally,                           
features   specific   to   NC°   Plan   Pregnancy   are   included.     
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Figure  1:  Today  and  Month  page  example  views  for  a  user  using  NC°  Birth  Control  (left)  and  NC°                                     
Plan   Pregnancy   (right).   

  

The   basics   of   the   menstrual   cycle  
Let’s  start  with  the  basics.  The  menstrual  cycle  consists  of  three  phases:  the  pre-ovulatory  phase,                               
the  ovulatory  phase  and  the  post-ovulatory  phase.  The  cycle  begins  with  the  first  day  of                               
menstrual  bleeding  and  lasts  on  average  29.3  ±  5.2  (one  standard  deviation)  days  [2].  The                               
individual  cycle  length  can  however  vary  greatly  from  woman  to  woman.  The  pre-ovulatory                           
(follicular)  phase  is  estrogen-rich  and  cooler  than  the  post-ovulatory  (luteal)  phase,  where                         
progesterone  dominates  and  warms  the  body,  which  is  illustrated  in  Figure  2.  These  two  phases                               
are  separated  by  ovulation,  which  is  when  a  temperature  rise  of  0.25-0.45  °C  (0.4-0.8  °F)  occurs                                 
in  the  body.  The  fertile  window  ends  with  ovulation  day  and  begins  5  days  before,  as  sperm  can                                     
survive  up  to  5  days  in  the  body  under  the  right  conditions  [3].  Only  during  these  six  days  (also                                       
called  the  fertile  window)  is  it  possible  for  a  woman  to  get  pregnant  through  unprotected  sexual                                 
intercourse.   
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Figure  2:  Temperature  evolution  during  one  example  cycle,  indicating  the  algorithms  output  in                           
terms  of  red  and  green  fertility  status,  overlaid  on  top  of  a  graph  showing  the  hormonal  evolution                                   
throughout   the   female   menstrual   cycle.   

  
  

Prior  to  ovulation,  a  surge  in  Luteinizing  Hormone  arises  and  is  triggered  by  the  increased  level  of                                   
estrogen.  The  LH  surge  lasts  for  around  48  hours  [4]  with  the  ovulation  commencing  10  ±  5  hours                                     
after  the  LH  peak  [5].  The  presence  of  LH  is  thus  a  good  indicator  of  the  most  fertile  days  of  the                                           
cycle  as  sperm  should  ideally  already  be  present  in  the  fallopian  tubes  at  the  start  of  ovulation  for                                     
fertilization  to  occur.  Without  fertilization,  the  released  ovum  only  survives  12-36  hours  in  the                             
female   body.   
  

The  luteal  phase  (time  between  ovulation  and  the  following  cycle)  is  on  average  13  ±  1.4  (one                                   
standard  deviation)  days  [11].  A  normal  luteal  phase  is  considered  to  be  between  10  and  16  days,                                   
but  can  vary  between  6  and  18  days.  Although  the  luteal  phase  length  varies  from  woman  to                                   
woman,  it  usually  remains  fairly  constant  from  cycle  to  cycle  for  the  same  woman.  This  implies                                 
that  the  variation  in  cycle  length  usually  reflects  the  variation  in  the  length  of  the  follicular  phase                                   
and   hence   the   ovulation   day.   
  

It  is  important  to  note  that  each  woman  has  her  own  individual  menstrual  cycle  pattern  which  can                                   
vary  significantly  from  the  norm  [2,6].  The  cycle  length,  the  length  of  the  follicular  phase,  the                                 
length  of  the  luteal  phase,  the  amplitude  of  the  rise  in  temperature,  the  base  temperature  in  the                                   
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pre-  and  post-ovulatory  phases  and  also  the  overall  shape  of  the  temperature  evolution                           
throughout   the   cycle   are   all   parameters   that   vary   from   woman   to   woman.     
  

Irregularities  in  the  menstrual  cycle  can  occur  due  to  a  number  of  factors  related  to  health  and                                   
lifestyle,  such  as  illness/medication,  recent  use  of  hormonal  contraception  [8]  ,  recent  pregnancy,                           
stress,  travel,  extensive  use  of  alcohol/drugs  [9]  and  more.  These  events  might  delay  ovulation                             
and  it  is  thus  important  to  actually  detect  ovulation  rather  than  assume  that  it  happens  when  it                                   
usually  occurs.  These  factors  can  also  affect  a  user’s  temperatures  and  it  is  therefore  important  to                                 
use  statistical  methods  to  be  able  to  distinguish  a  temperature  rise  due  to  ovulation  from  a  rise                                   
due  to  a  change  in  lifestyle.  The  NC°  algorithm  takes  these  cycle  and  temperature  irregularities                               
into   account   and   does   not   give   green   (safe)   days   unless   certain.   

  

Fertility   indicators   used   as   algorithm   inputs   
As  a  result  of  the  different  hormones  that  are  discharged  during  the  menstrual  cycle  (see  Figure  2                                   
above),   these   are   the   fertility   indicators   used   as   algorithm   inputs:   
  

● The   basal  body  temperature  BBT  is  an  indirect  measurement  of  the  amount  of                           
progesterone  in  the  body  and  a  rise  in  temperature  is  thus  a  reassurance  that  ovulation                               
has  occurred  and  that  the  woman  is  currently  in  the  luteal  phase,  which  is  a  non-fertile                                 
phase  of  the  cycle.  Since  the  temperature  stays  elevated  (compared  to  the  follicular                           
phase)  from  ovulation  until  the  end  of  the  cycle,  it  is  a  constant  and  certain  indicator  that                                   
the  woman  is  not  currently  fertile,  even  if  she  did  not  measure  any  temperature  points                               
around  the  time  of  ovulation.  However,  catching  when  the  temperature  rise  happened  is                           
still  important  in  order  to  learn  more  about  when  the  user  is  ovulating  and  using  that                                 
information   to   improve   the   prediction   of   her   upcoming   cycles   and   ovulation.   

  
BBT  is  measured  in  the  morning  on  a  daily  basis,  and  Natural  Cycles  active  users  measure                                 
on  average  about  70%  of  the  days.  The  more  often  a  user  measures  the  better  the  fertile                                   
window   will   be   isolated   and   the   more   green   days   the   user   will   get.     
  

Abnormal  temperature  entries  can  arise  from  for  example  a  typo  or  a  fever  value  that  the                                 
user  did  not  mark  to  be  excluded  in  the  app.  Every  entry  that  has  a  temperature                                 
measurement  is  scrutinized  and  evaluated  whether  it  is  considered  to  be  abnormal  based                           
on  where  the  user  is  in  her  cycle  and  what  her  normal  temperature  and  temperature                               
variations  are.  If  the  temperature  is  considered  to  be  abnormal,  it  is  marked  by  the                               
algorithm  as  excluded  and  not  taken  into  account  in  the  calculations.  The  user  is  informed                               
in   the   app   that   the   algorithm   is   considering   the   temperature   value   as   excluded.   
  

● LH  tests ,  also  known  as  Ovulation  Prediction  Kits  (OPKs)  or  ovulation  tests,  directly                           
measure  the  amount  of  luteinizing  hormone  in  the  urine.  The  LH  surge  occurs  one  or  two                                 
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days  prior  to  ovulation  and  lasts  for  48  hours  [16].  If  the  LH  peak  is  found,  it  is  thus  a  very                                           
powerful  indicator  of  when  ovulation  is  taking  place.  As  the  surge  only  lasts  for  a  brief  two                                   
day  period,  and  doesn’t  always  trigger  ovulation  within  the  following  few  days,  the                           
detected  LH  peak  thus  needs  to  be  followed  by  elevated  temperatures  to  be  certain  that                               
ovulation   did   take   place.   
  

Measuring  LH  is  optional  and  used  by  about  25%  of  the  users.  It  boosts  the  accuracy  of                                   
the  ovulation  detection  and  the  fertility  prediction,  resulting  in  more  green  days.  It  does                             
not  significantly  affect  the  effectiveness  of  the  product.  The  algorithm  calculates  which                         
days  to  measure  LH  personalized  to  the  individual  user’s  cycle,  which  is  displayed  in  the                               
app.  This  part  of  the  algorithm  is  optimized  to  minimize  the  number  of  tests  needed                               
without   missing   the   LH   peak.   
  

● The  start  and  end  of  the  cycle  i.e.  the  first  day  of  menstruation.  The  relationship  between                                 
the  ovulation  and  the  start  and  end  of  a  cycle  gives  information  about  the  length  and                                
variability  of  the  different  phases  of  the  cycle  for  that  particular  person,  which  is  used  to                                 
predict   upcoming   ovulation   and   menstruation.     

  
We  believe  that  it  is  important  to  not  require  any  deeper  knowledge  in  the  human  body.  This                                   
avoids  error  due  to  subjective  analysis,  which  have  proven  to  be  one  of  the  most  difficult  factors                                   
when  using  natural  family  planning  for  preventing  pregnancies.  Learning  how  to  for  instance  read                             
the  cervix  or  the  cervical  mucus  requires  quite  some  training  with  subjective  results  that  are                               
difficult  to  validate  with  an  algorithm.  We  do  however  provide  more  symptom  tracking  options  in                               
the  app,  such  as  cervical  mucus,  but  it  is  not  taken  into  account  into  the  algorithm  to  avoid  human                                       
error.     
  

Anticipating   the   onset   of   the   fertile   window   
For  the  follicular  phase  of  the  cycle  (before  ovulation),  the  user  gets  days  marked  as  green                                 
(non-fertile)  until  the  algorithm  can  no  longer  be  certain  that  the  user  is  not  approaching  her                                 
fertile  window.  It  is  not  possible  with  BBT  or  LH  to  anticipate  the  onset  of  the  fertile  window,                                     
meaning  that  in  this  part  of  the  algorithm,  the  past  ovulation  pattern  for  a  particular  user  is  what  is                                       
used  combined  with  statistical  analysis.  The  NC°  algorithm  will  thus  give  a  buffer  of  red  days                                 
before  the  predicted  ovulation.  How  large  this  buffer  needs  to  be  depends  on  several  factors  -  it                                   
takes  into  account  sperm  survival  probabilities,  the  user’s  personal  ovulation  pattern  and  how                          
regular  or  irregular  that  is,  how  much  data  we  have  on  that  specific  user  (how  well  we  know  her                                       
ovulation  pattern  and  can  anticipate  her  future  earliest  ovulation).  For  the  first  cycles,  when  the                               
algorithm  doesn't  have  much  information  on  when  the  user  usually  ovulates  and  how  that  varies,                               
the   buffer   of   red   days   in   the   beginning   of   the   cycle   is   enlarged.   
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For  NC°  Plan  Pregnancy  users,  the  risk  of  missing  the  onset  of  the  fertile  window  is  lower  than  for                                       
NC°  Birth  Control  users,  as  the  probability  of  conception  in  the  first  couple  of  days  of  the  fertile                                     
window  is  low.  The  buffer  of  red  days  is  thus  smaller  for  NC°  Plan  Pregnancy  users,  as  it  is  more                                         
important   to   better   isolate   the   fertile   window   when   using   NC°   for   trying   to   get   pregnant.   
  

Determining   if   ovulation   has   happened   
The  body  temperature  rises  after  ovulation  due  to  the  increase  in  progesterone  and  stays                             
elevated  until  the  next  cycle.  At  a  certain  point  in  the  cycle  (exact  timing  depends  on  past                                   
ovulation  data  for  that  user),  the  NC°  algorithm  starts  checking  for  whether  the  user  has  ovulated                                 
in  the  current  cycle.  Only  if  and  when  ovulation  has  been  confirmed  by  a  clear  enough                                 
temperature   rise   will   the   algorithm   start   giving   green   (safe)   days   again.   
  

Not  assuming  anything  about  a  user’s  individual  temperature  curve  beforehand,  we  get  to  know                             
what  her  temperature  baseline  looks  like  in  both  the  follicular  phase  and  luteal  phase.  When  we                                 
then  eventually  see  if  she  has  ovulated,  we  check  that  her  recent  temperatures  are  1)  statistically                                 
compatible  with  the  luteal  phase  and  2)  statistically  different  from  the  follicular  phase.  How                             
significant  these  statistical  tests  must  be  for  the  algorithm  to  confirm  ovulation,  depends  on                             
different   factors   such   as:   

● the  number  of  recent  temperature  values  that  are  used  in  the  statistical  test  (at  least  3,                                 
except   if   a   recent   positive   LH   test   is   present   then   at   least   2   is   enough).     

● the  number  of  previous  cycles  with  detected  ovulation  (how  well  we  know  when  this                             
particular   user   usually   ovulates)   

● where  the  user  is  in  her  cycle  compared  to  when  the  user  usually  ovulates  and  how  much                                   
that   varies   cycle   to   cycle   

● LH   test   results   and   their   timing   
● whether  and  when  the  user  has  recently  been  using  hormonal  contraception  or  been                           

pregnant   
● whether  the  user  is  using  NC°  Birth  Control  or  NC°  Plan  Pregnancy  (where  the  latter  has  a                                   

lower   risk   and   hence   needs   a   less   significant   result)   
  

The  higher  the  required  statistical  significance,  the  more  distinct  and  consistent  the  temperature                           
rise  must  be  to  confirm  that  the  user  has  ovulated.  In  layman  terms,  the  requirement  on  the                                   
significance  increases  if  the  algorithm  is  sceptical  based  on  the  available  data.  The  requirement                             
will  be  higher  on  days  prior  to  the  expected  ovulation  day,  while  it  will  be  lower  later  in  the  cycle                                         
when   the   user   usually   has   already   ovulated.     
  

If  the  NC°  algorithm  concludes  that  the  user  must  have  ovulated  in  the  current  cycle,  it  returns  to                                     
giving   green   days   again   and   starts   looking   for   the   most   likely   ovulation   day.   
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Determining   the   ovulation   day   
The  ovulation  day  is  first  estimated  when  the  algorithm  has  confirmed  that  ovulation  has                             
happened  already  this  cycle  (as  was  described  in  the  previous  section),  which  means  that  the                               
placement  of  ovulation  day  does  not  affect  the  red  and  green  days  in  the  current  cycle.  The  part                                     
of  the  NC°  algorithm  that  determines  the  most  likely  ovulation  day  is  one  of  the  most  complex                                  
parts,  since  the  data  is  often  fluctuating  or  partly  missing,  but  it  is  an  important  part  of  the                                     
algorithm   since   it   leads   to   more   accurate   ovulation   prediction   for   upcoming   cycles.     
  

In  the  default  method  of  determining  the  ovulation  day,  the  temperature  curve  in  the  entire  cycle                                 
is  used  (taking  also  the  information  from  the  previous  cycles  into  account).  The  temperature  value                               
of  the  ovulation  day  itself  is  less  important  since  a  single  data  point  can  fluctuate  due  to  many                                     
reasons  and  should  not  be  given  as  much  importance.  Many  factors,  weights  and  parameters  are                               
used  in  this  analysis,  which  have  been  optimized  through  comparing  LH  and  ultrasound  ovulation                             
data.  By  now,  Natural  Cycles  has  millions  of  cycles  with  confirmed  ovulation  and  temperature                             
curves   that   the   algorithm   has   learned   from   when   perfecting   finding   the   most   likely   ovulation   day.   
  

If  no  or  very  little  temperature  data  is  present  around  the  time  of  ovulation,  a  more  simplified  way                                     
of  estimating  the  ovulation  day  is  used.  It  is  based  on  the  little  temperature  data  that  is  present  (if                                      
any),  previous  ovulation  patterns  and  cycle  length  information.  If  this  secondary  method  is  used                             
to  estimate  ovulation  in  a  cycle,  we  take  into  account  its  larger  uncertainty  when  performing                               
future   predictions.    
  

Additional   features   in   the   NC°   algorithm     
In  this  section  some  additional  features  of  the  algorithm  are  described.  There  are  events  in  life                                 
that  can  affect  the  menstrual  cycle  or  the  data.  Here  a  few  such  edge  cases  are  described  and                                     
how  the  algorithm  takes  them  into  account.  In  general  though,  if  a  user’s  cycle  changes  over                                 
time,  for  instance  due  to  recently  coming  off  hormonal  birth  control  or  starting  to  enter                               
perimenopause,   the   algorithm   will   also   adapt   over   time   with   the   cycle.   

Ovulation   window   and   changing   past   data   
For  the  cases  when  there  isn’t  good  enough  temperature  data  around  ovulation  to  be  certain                               
exactly  when  it  has  occurred,  the  algorithm  provides  a  window  of  several  days,  which  within                               
ovulation  most  likely  happened.  Since  a  user’s  luteal  phase  usually  remains  rather  stable  from                             
cycle  to  cycle  (although  the  length  varies  from  woman  to  woman),  the  data  on  the  entire  luteal                                   
phase  gives  more  information  concerning  when  ovulation  did  happen.  This  means  that  the                           
algorithm  can  both  come  to  move  the  confirmed  ovulation  day  as  well  as  narrow  down  the                                 
ovulation   window   (if   there   is   one)   when   it   gets   more   data   from   the   luteal   phase.     
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It’s  important  to  note  that  in  the  case  when  the  algorithm  is  less  certain  exactly  when  ovulation                                   
happened,  it  also  means  that  it  will  be  less  accurate  in  predicting  the  upcoming  menstruation.                               
Failing  to  accurately  predict  the  exact  ovulation  day  or  menstruation  during  a  cycle  does  however                               
not  indicate  that  the  green  days  are  less  trustworthy.  As  was  described  in  the  section  above  -  it  is                                       
more  straightforward  to  confirm  that  ovulation  has  occurred  (meaning  that  the  user  is  in  a                               
non-fertile   phase   of   the   cycle)   than   knowing   exactly   when   it   occurred.   
  

It  is  also  important  to  note  that  the  algorithm  never  changes  green  and  red  days  in  the  past  for                                       
users  on  NC°  Birth  Control,  even  if  the  estimated  ovulation  day  changes  when  considering  the                               
data  from  the  luteal  phase  as  described  above.  The  only  case  when  the  algorithm  does                               
recalculate  the  past  fertility  status  is  when  the  user  gives  it  a  reason  to  do  so  by  changing  the                                       
fertility   data   in   the   past   -   for   instance   by   changing   past   temperature   or   menstruation   data.     
  

No   data   for   some   time   
As  a  safety  measure,  the  temperatures  are  cross  checked  also  after  ovulation  has  been  detected,                               
in  the  rare  case  that  the  temperature  rise  was  not  due  to  ovulation.  This  implies  that  the                                   
temperatures  have  to  stay  elevated  for  the  algorithm  to  consistently  return  green  days  in  the                               
luteal   phase.   

Emergency   contraception   
Users  who  decide  to  take  emergency  contraception  such  as  the  emergency  pill  or  to  insert  a                                 
copper  IUD,  can  input  this  information  into  the  app.  Since  the  emergency  pill  contains  hormones                               
it  has  an  impact  on  the  BBT  and  should  be  taken  into  account  accordingly.  Cycles,  where  the  pill                                     
was  taken,  are  affected  by  the  presence  of  the  additional  hormones.  Changes  to  the  cycle                               
characteristics  due  to  the  emergency  pill  (such  as  changes  to  the  ovulation  day,  luteal  phase                               
length   and   cycle   length)   are   taken   into   account   when   the   algorithm   is   making   future   predictions.     

Detecting   a   potential   pregnancy   
When  a  person  becomes  pregnant,  the  fertilized  egg  implants  into  the  uterus  on  average  around                               
9  days  after  ovulation.  This  is  also  when  the  body  first  becomes  aware  that  it  is  pregnant  and                                     
starts  producing  the  hCG  hormone,  which  is  what  a  pregnancy  test  can  detect.  What  also                               
happens  is  that  the  progesterone  starts  increasing  instead  of  decreasing  as  it  would  in  a  normal                                 
cycle  when  menstruation  is  approaching.  This  means  that  the  temperature  increases  instead  of                           
decreases  around  the  time  when  menstruation  is  expected  and  when  one  can  first  get  a  positive                                
pregnancy  test.  The  algorithm  can  therefore  flag  to  the  user  that  she  might  potentially  be                               
pregnant  and  should  confirm  with  a  pregnancy  test.  This  is  a  great  benefit  since  it  is  important  to                                     
find  out  about  a  pregnancy  as  early  as  possible,  whether  the  user  is  using  NC°  Plan  Pregnancy  or                                     
if   the   pregnancy   was   unintended.     
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When  a  pregnancy  ends,  the  algorithm  will  take  it  into  account  and  give  time  for  the  temperature                                   
and  cycle  to  return  to  normal  before  it  again  starts  to  identify  patterns  when  checking  for                                 
ovulation.   
  

Prediction   for   future   days   and   cycle   
Predicting  of  upcoming  days  and  cycles  is  also  a  feature  of  the  algorithm.  It  updates  each  day                                   
with  new  data  at  hand.  For  instance,  it  initially  predicts  the  following  cycle  to  start  (period                                 
prediction)  based  on  previous  cycle  lengths,  but  updates  after  ovulation  has  been  detected  in  the                               
current  cycle  to  give  more  accurate  period  predictions  using  the  ovulation  date  in  the  current                               
cycle   and   the   user’s   personal   luteal   phase   length.      
  

Birth   control   effectiveness   

Pearl   Index   and   effectiveness   
The  effectiveness  of  preventing  pregnancy  of  a  certain  birth  control  method  is  usually  performed                             
by  calculating  a  so-called  “Pearl  Index”.  The  Pearl  Index  is  a  number  from  0-100,  indicating  how                                
many  women  out  of  100  experienced  an  unintended  pregnancy  using  the  birth  control  method                             
for  a  year.  The  effectiveness  is  then  calculated  by  converting  the  Pearl  Index  into  a  percentage                                 
and  subtracting  it  from  100%,  e.g.  a  Pearl  Index  of  10  implies  an  effectiveness  of  90%.  The                                   
effectiveness  (or  the  Pearl  Index)  is  usually  measured  with  both   typical  use  (counting  all                             
pregnancies)  and   perfect  use  (counting  pregnancies  despite  the  user  following  the  instructions).                        
In  the  case  of  Natural  Cycles,  perfect  use  is  reached  when  a  user  uses  protection  or  abstains                                   
when   the   app   gives   a   red   day.     

Maximizing   the   algorithm’s   effectiveness   
Overall  the  NC°  algorithm  has  about  100  parameters  (factors  and  weights,  etc),  which  have  been                               
tweaked  and  optimized  with  data  from  millions  of  ovulations  and  cycles.  When  we  developed  the                               
algorithm,   we   especially   looked   at   the   following:     

1. The  accuracy  of  the  estimated   ovulation  day  using  temperature  data  and  comparing  with                           
LH   data   in   cycles   where   there   isn’t   a   false   positive   LH   test   result.      

2. Fraction   of    green   (safe)   days   
3. Probability  of  conception   due  to  the  algorithm  falsely  giving  green  days  within  the  fertile                             

window.  It  is  calculated  as  a  theoretical  perfect  use  effectiveness  assuming  unprotected                         
sex  on  the  most  fertile  green  day  per  cycle  (if  any)  and  no  sex  on  red  days,  and  taking  into                                         
account   the   different   probability   of   conception   in   the   different   days   in   the   fertile   window.     

We  always  strive  to  improve  the  ovulation  accuracy  (1)  since  being  able  to  detect  ovulation  as                                 
accurately  as  possible  is  crucial  and  all  other  metrics  follow  from  this.  Then  we  try  to  maximize                                   
the  number  of  green  (safe)  days  (2)  that  can  be  given  while  reducing  the  probability  of  conception                                   
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(3).  We  have  seen  that  if  we  can  give  more  green  days  and  better  isolate  the  fertile  window,  it  has                                         
a  positive  impact  on  the  overall  typical  use  effectiveness  of  Natural  Cycles,  since  users  are  then                                 
more  likely  to  use  protection  on  the  red  (unsafe)  days.  The  most  common  reason  for  pregnancy                                 
using   Natural   Cycles   is   unprotected   sex   on   a   red   day,   so   this   is   important   to   take   into   account.   
  

We  also  look  at  several  factors  that  are  important  to  keep  the  pregnancy  risk  at  the  same  level                                     
throughout  their  variation,  e.g.  number  of  past  cycles  for  a  user,  cycle  regularity,  previous  use  of                                 
hormonal  contraception,  different  parts  of  the  cycle.   This  means  that  the  pregnancy  risk  is                             
similar  before  and  after  the  algorithm  detects  ovulation,  even  though  BBT  only  confirms                           
ovulation   after   the   fact.     

Validation   of   the   algorithm   and   resulting   effectiveness   
Following  up  on  a  regular  basis  on  real  data  from  real  users  on  the  effectiveness  of  the  product                                     
as  well  as  the  performance  of  the  algorithm  is  part  of  the  post-market  surveillance  we  need  to  do                                     
as  a  manufacturer  of  a  medical  device  for  contraception.  Every  month  we  look  at  the                               
effectiveness,  unintended  pregnancies  and  the  reasons  behind  the  pregnancies.  We  divide  them                         
into  typical  and  perfect  use  pregnancy  cases  and  method  failure  (pregnancy  due  to  the  app                               
giving  a  wrong  green  day).  This  analysis  is  performed  in  the  same  way  as  the  clinical  studies  that                                     
have  been  published  in  [19],  [20],  [21]  and  [22].  We  consistently  follow  up  with  an  impressive  98%                                   
of  users  on  the  contraceptive  effectiveness  and  we  constantly  monitor  these  numbers  very                           
closely.  This  is  a  great  benefit  of  being  a  digital  contraception  that  monitors  the  cycle  -  that  we                                     
can  more  easily  follow  up  with  pregnancies  (in  an  anonymized  way  in  the  data).  We  therefore                                 
have  a  very  good  understanding  of  what  leads  to  pregnancies  and  what  cohort  of  users  are                                 
better  suited  for  this  product  than  others,  performance  per  country,  age  group,  over  time  and                               
much  more.  This  is  probably  the  most  sophisticated  post-market  surveillance  ever  performed  on                           
any   birth   control   method   to   date.  
  

Being  able  to  closely  follow  up  on  the  product’s  effectiveness  in  almost  real  time  enables  us  to                                   
act  quickly  if  we  would  see  any  deviation.  Thankfully  this  has  so  far  never  been  the  case  and  the                                       
results  related  to  the  algorithm  performance  have  always  been  stable  over  time  within  the                             
expected  statistical  fluctuations.  The  typical  use  effectiveness  can  vary  somewhat  depending  on                         
the  type  of  user,  their  culture  and  behaviour,  and  how  many  users  in  what  country,  etc,  since  it                                     
highly  depends  on  the  willingness  to  use  protection  on  red  days.  Overall  the  resulting                             
effectiveness  of  Natural  Cycles  is   93%  with  typical  use  (Pearl  Index  of  7)  and   98%  with  perfect                                   
use  (Pearl  Index  of  2) .  Only  counting  pregnancies  due  to  the  algorithm  giving  a  wrong  green  day                                   
leads  to  an  effectiveness  of  >  99%  ( method  failure  rate  of  0.7% ).  These  numbers  are  further                                 
explained   in   the   table   below.   
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In  addition  to  effectiveness  metrics,  we  follow  up  every  month  with  new  data  coming  in  from  the                                   
users  on  the  probability  of  conception,  assuming  sex  on  the  most  fertile  green  day  per  cycle                                 
cycle  (if  any).  The  results  are  best  summarized  in  the  chart  below,  showing  the  probability  of  a  red                                     
day  with  regards  to  ovulation  (confirmed  with  LH  test  data)  and  the  probability  of  conception  in                                 
the  different  days  in  the  fertile  window.  Taking  into  account  these  two  metrics  is  what  makes  up                                   
the  total  probability  of  conception  from  the  algorithm  attributing  false  green  days  within  the  fertile                               
window,  which  is  also  what  is  used  when  developing  the  algorithm  as  was  described  in  the                                 
previous   section.   
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Figure  3:  The  probability  of  a  red  day  and  the  probability  of  conception  per  day  in  the  cycle                                     
normalized  to  the  ovulation  day.  Cycles  with  a  temperature  measurement  on  at  least  50%  of  days                                 
are  included.  The  probability  of  receiving  a  green  day  on  the  three  most  fertile  days  (ovulation                                 
day  and  the  two  days  before)  is  very  low  and  proportionally  less  likely  than  the  probability  of                                   
receiving  a  green  day  in  the  beginning  of  the  fertile  window  when  the  probability  of  conception  is                                   
lower.  The  net  resulting  pregnancy  risk  is  thus  at  the  same  level  for  the  green  days  given  in  the                                       
beginning   of   the   cycle   and   after   the   algorithm   confirms   ovulation.     
  
  

In  conclusion,  the  importance  of  a  personalized  algorithm,  which  takes  the  individual  users'  cycle                             
and  ovulation  patterns  into  account,  is  clear  since  a  woman’s  cycle  is  truly  unique.  A  clinical  study                                   
with  results  published  in  [23]  compared  Natural  Cycles  algorithm  with  two  types  of                           
calendar-based  methods  (the  standard  days  method  and  the  rhythm  method)  in  cycles  where                          
ovulation  was  known  and  the  resulting  probability  of  conception  and  number  of  days  marked  as                               
safe  are  vastly  different,  showing  the  importance  of  ovulation  detection  in  the  method.  With  a                               
personalized  and  highly  performing  algorithm  like  Natural  Cycles,  it  becomes  evident  that  the                           
overall  typical  use  effectiveness  as  a  birth  control  does  not  depend  on  how  or  how  often  the  user                                     
measures  her  temperature  or  her  cycle  regularity,  but  rather  how  compliant  she  is  at  using                               
protection   on   the   red   (fertile)   days.   
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