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THESIS	
  STRUCTURE	
  	
  
The	
  cardiovascular	
  safety	
  of	
  non-­‐aspirin	
  non-­‐steroidal	
  anti-­‐
inflammatory	
  drugs	
  (NSAIDs)	
  is	
  controversial,	
  because	
  cyclooxy-­‐
genase	
  (COX)-­‐2	
  inhibitors	
  increase	
  the	
  risk	
  of	
  myocardial	
  infarc-­‐
tion,	
  stroke,	
  heart	
  failure,	
  and	
  hypertension.	
  This	
  dissertation	
  

examines	
  cardiovascular	
  risks	
  associated	
  with	
  use	
  of	
  non-­‐aspirin	
  
NSAIDs	
  that	
  have	
  not	
  previously	
  been	
  examined	
  in	
  detail.	
  	
  

The	
  dissertation	
  is	
  based	
  on	
  five	
  papers,	
  which	
  are	
  referred	
  to	
  
in	
  the	
  text	
  by	
  their	
  Roman	
  numerals	
  (I–V).1-­‐5	
  Papers	
  I–IV	
  are	
  re-­‐
search	
  studies,1-­‐4	
  whereas	
  paper	
  V	
  is	
  a	
  methodology	
  paper	
  im-­‐
portant	
  for	
  studies	
  based	
  on	
  NSAID	
  use.5	
  The	
  research	
  studies	
  are	
  
presented	
  in	
  detail.1-­‐4	
  The	
  methodology	
  paper	
  —	
  an	
  ecologic	
  
study	
  of	
  the	
  utilization	
  of	
  NSAIDs	
  in	
  Denmark	
  between	
  1999–2012	
  
and	
  the	
  potential	
  of	
  Danish	
  prescription	
  registries	
  to	
  capture	
  
individual-­‐level	
  use	
  of	
  NSAIDs	
  —	
  is	
  incorporated	
  into	
  the	
  text	
  
throughout	
  the	
  dissertation.5	
  	
  

The	
  introduction	
  describes	
  briefly	
  the	
  classification,	
  use,	
  and	
  
effects	
  of	
  NSAIDs,	
  followed	
  by	
  a	
  description	
  of	
  the	
  established	
  
cardiovascular	
  risks	
  of	
  NSAIDs,	
  and	
  ends	
  with	
  a	
  review	
  of	
  the	
  
existing	
  literature	
  in	
  relation	
  to	
  the	
  hypotheses	
  and	
  objectives	
  of	
  
the	
  dissertation.	
  

The	
  succeeding	
  three	
  sections	
  summarize	
  the	
  study	
  methods,	
  
results,	
  and	
  conclusions,	
  and	
  provide	
  a	
  discussion	
  of	
  the	
  results	
  in	
  
relation	
  to	
  the	
  existing	
  literature,	
  applied	
  methodology,	
  and	
  
clinical	
  implications.	
  

	
  
INTRODUCTION	
  
NSAID	
  CLASSIFICATION	
  
NSAIDs	
  include	
  aspirin	
  (acetylsalicylic	
  acid)	
  and	
  non-­‐aspirin	
  
NSAIDs	
  (Figure	
  1).6	
  Aspirin	
  was	
  marketed	
  in	
  1899	
  as	
  a	
  better	
  
tolerated	
  form	
  of	
  sodium	
  salicylate	
  (discovered	
  in	
  1763),7	
  but	
  was	
  
later	
  also	
  found	
  associated	
  with	
  gastrointestinal	
  erosions	
  and	
  
ulcers.8	
  	
  
	
   As	
  a	
  potentially	
  safer	
  alternative	
  to	
  aspirin,	
  a	
  range	
  of	
  non-­‐
aspirin	
  NSAIDs	
  were	
  developed	
  throughout	
  the	
  1960s.7	
  However,	
  
these	
  drugs	
  also	
  exhibit	
  gastrointestinal	
  toxicity	
  ranging	
  from	
  
dyspepsia	
  to	
  ulcers,	
  bleeding,	
  and	
  perforation,9	
  including	
  both	
  
nonulcer	
  dyspepsia	
  and	
  silent	
  ulceration.8	
  This	
  discrepancy	
  be-­‐
tween	
  symptoms	
  and	
  ulceration	
  constitutes	
  a	
  major	
  challenge	
  in	
  
the	
  management	
  of	
  patients	
  treated	
  with	
  (traditional)	
  non-­‐aspirin	
  
NSAIDs.8	
  	
  
	
   The	
  hypothesis	
  that	
  selective	
  COX-­‐2	
  inhibition	
  would	
  possess	
  
anti-­‐inflammatory,	
  analgesic,	
  and	
  antipyretic	
  activity	
  —	
  without	
  
increasing	
  the	
  risk	
  of	
  adverse	
  gastrointestinal	
  events10	
  —	
  provid-­‐
ed	
  the	
  rationale	
  for	
  the	
  development	
  of	
  newer	
  COX-­‐2	
  inhibitors	
  
(coxibs),	
  which	
  were	
  first	
  introduced	
  into	
  clinical	
  practice	
  in	
  
1999.11	
  The	
  coxibs	
  can	
  be	
  ranked	
  based	
  on	
  their	
  relative	
  COX-­‐2	
  vs.	
  
COX-­‐1	
  selectivity:	
  lumiracoxib	
  >	
  etoricoxib	
  >	
  rofecoxib	
  >	
  valdecox-­‐
ib	
  >	
  parecoxib	
  >	
  celecoxib.11,12	
  Among	
  the	
  traditional	
  non-­‐aspirin	
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NSAIDs,	
  some	
  also	
  have	
  a	
  preference	
  for	
  COX-­‐2	
  (older	
  COX-­‐2	
  
inhibitors),	
  whereas	
  the	
  remaining	
  are	
  classified	
  as	
  nonselective	
  
NSAIDs	
  (Figure	
  1).	
  	
  
	
  
NSAID	
  USE	
  IN	
  DENMARK	
  
Aspirin	
  and	
  non-­‐aspirin	
  NSAIDs	
  remain	
  among	
  the	
  most	
  common-­‐
ly	
  used	
  drugs	
  worldwide.5	
  Aspirin	
  relieves	
  pain	
  in	
  high	
  doses	
  (500	
  
mg),	
  but	
  is	
  not	
  an	
  effective	
  analgesic	
  at	
  low	
  doses	
  (75–150	
  mg).	
  
Low-­‐dose	
  aspirin,	
  however,	
  has	
  an	
  antithrombotic	
  effect	
  con-­‐
ferred	
  by	
  inhibition	
  of	
  platelet	
  aggregation	
  by	
  irreversible	
  block-­‐
age	
  of	
  the	
  COX-­‐1	
  enzyme.6,13	
  Accordingly,	
  the	
  main	
  indication	
  for	
  
low-­‐dose	
  aspirin	
  is	
  prevention	
  and	
  treatment	
  of	
  occlusive	
  vascular	
  
events	
  in	
  patients	
  with	
  ischemic	
  heart	
  disease,	
  transient	
  ischemic	
  
attack,	
  or	
  stroke.14	
  Moreover,	
  increasing	
  evidence	
  supports	
  the	
  
effectiveness	
  of	
  long-­‐term	
  aspirin	
  use	
  for	
  chemoprevention.15	
  
	
   Non-­‐aspirin	
  NSAIDs	
  are	
  designated	
  to	
  treat	
  a	
  range	
  of	
  pain	
  
and	
  inflammatory	
  conditions.16,17	
  Non-­‐aspirin	
  NSAIDs	
  may	
  be	
  
indicated	
  to	
  treat	
  non-­‐inflammatory	
  pain	
  syndromes	
  (e.g.,	
  lower	
  
back	
  pain,	
  postoperative	
  pain,	
  or	
  cancer-­‐related	
  pain)	
  when	
  the	
  
effect	
  of	
  non-­‐pharmacological	
  treatment	
  and	
  other	
  analgesics,	
  
such	
  as	
  acetaminophen,	
  is	
  insufficient.16	
  It	
  may	
  also	
  be	
  used	
  for	
  
pain	
  conditions	
  when	
  concurrent	
  inhibition	
  of	
  prostaglandin	
  
synthesis	
  is	
  beneficial,	
  e.g.,	
  dysmenorrhea	
  or	
  ureteral	
  stones.16	
  
The	
  main	
  indication,	
  however,	
  is	
  treatment	
  of	
  inflammatory	
  
conditions	
  with	
  painful,	
  stiff	
  and/or	
  swollen	
  joints	
  such	
  as	
  arthritis	
  
or	
  ankylosing	
  spondylitis.16,17	
  Non-­‐aspirin	
  NSAID	
  use,	
  however,	
  
does	
  not	
  improve	
  prognosis	
  of	
  these	
  conditions	
  and	
  should	
  there-­‐
fore	
  be	
  used	
  in	
  lowest	
  effective	
  dose	
  for	
  the	
  shortest	
  duration	
  
possible.16,17	
  Still,	
  long-­‐term	
  treatment	
  may	
  become	
  necessary	
  to	
  
treat	
  symptoms	
  of	
  chronic	
  inflammatory	
  conditions.16	
  
	
   NSAIDs	
  are	
  available	
  both	
  as	
  prescription	
  and	
  over-­‐the-­‐
counter	
  drugs.5,18	
  Consistent	
  with	
  reports	
  from	
  other	
  Western	
  
countries,19	
  the	
  proportion	
  of	
  Danish	
  residents	
  redeeming	
  a	
  pre-­‐
scription	
  for	
  a	
  non-­‐aspirin	
  NSAID	
  is	
  around	
  60%	
  within	
  an	
  eight-­‐
year	
  period.18	
  Annually,	
  the	
  overall	
  prevalence	
  of	
  prescribed	
  non-­‐
aspirin	
  NSAID	
  use	
  in	
  Denmark	
  is	
  around	
  15%,5	
  with	
  higher	
  preva-­‐
lence	
  among	
  women	
  and	
  the	
  elderly	
  (Figure	
  2).5	
  In	
  Denmark,	
  
coxibs	
  and	
  etodolac	
  are	
  used	
  almost	
  exclusively	
  among	
  individu-­‐
als	
  above	
  40	
  years,	
  whereas	
  ibuprofen,	
  naproxen,	
  and	
  diclofenac	
  
are	
  the	
  most	
  frequently	
  used	
  agents	
  among	
  younger	
  individuals.5	
  
The	
  potential	
  chemopreventive	
  effect	
  of	
  long-­‐term	
  low-­‐dose	
  
aspirin	
  use	
  may	
  increase	
  the	
  proportion	
  of	
  patients	
  prescribed	
  
aspirin	
  rather	
  than	
  non-­‐aspirin	
  NSAIDs.15	
  Still,	
  the	
  prevalence	
  of	
  
non-­‐aspirin	
  NSAID	
  use	
  is	
  expected	
  to	
  increase	
  due	
  to	
  the	
  aging	
  of	
  	
  
the	
  population	
  and	
  the	
  concomitantly	
  increasing	
  prevalence	
  of	
  	
  
patients	
  with	
  painful	
  degenerative	
  and	
  inflammatory	
  rheumatic	
  
conditions.20	
  
	
  
NSAIDS’	
  PHARMACODYNAMIC	
  EFFECTS	
  
NSAIDs	
  exhibit	
  their	
  anti-­‐inflammatory	
  effect	
  by	
  inhibiting	
  the	
  
COX	
  enzyme,	
  which	
  is	
  the	
  rate-­‐limiting	
  enzyme	
  in	
  prostaglandin	
  
synthesis	
  (Figure	
  3).10	
  There	
  are	
  at	
  least	
  two	
  major	
  isoforms	
  of	
  
the	
  COX	
  enzyme	
  —	
  COX-­‐1	
  and	
  COX-­‐2.10	
  Both	
  isoforms	
  catalyze	
  
the	
  conversion	
  of	
  the	
  unsaturated	
  fatty	
  acid	
  arachidonic	
  acid	
  
(C20:4)	
  into	
  prostaglandin	
  H2	
  through	
  the	
  intermediate	
  product	
  of	
  
prostaglandin	
  G2.

10	
  Prostaglandin	
  H2	
  is	
  then	
  finally	
  converted	
  by	
  
tissue-­‐specific	
  isomerases	
  into	
  bioactive	
  lipids	
  called	
  pros-­‐
tanoids.10	
  Acting	
  through	
  multiple	
  G-­‐coupled	
  protein	
  receptors,21	
  
these	
  prostanoids	
  are	
  mediators	
  of	
  a	
  variety	
  of	
  biological	
  effects,	
  
including	
  pain,	
  inflammation,	
  and	
  fever,	
  and	
  are	
  also	
  gastropro-­‐
tective.	
  

Figure	
  1.	
  NSAID	
  classification	
  
	
  

	
  
	
  
	
  
	
  
Figure	
  2.	
  The	
  one-­‐year	
  prevalence	
  of	
  the	
  Danish	
  population	
  redeeming	
  a	
  
prescription	
  for	
  non-­‐aspirin	
  NSAIDs	
  between	
  1999	
  and	
  2013	
  in	
  gender	
  and	
  
age	
  groups.	
  Modified	
  from	
  Schmidt	
  et	
  al.,	
  Clin	
  Epidemiol,	
  2014.5	
  
	
  

	
  
	
  
	
  
	
  
Figure	
  3.	
  The	
  effect	
  of	
  NSAIDs	
  on	
  the	
  bio-­‐synthesis	
  of	
  prostanoids	
  from	
  
arachidonic	
  acid.	
  Adapted	
  in	
  part	
  from	
  FitzGerald	
  GA	
  et	
  al.,	
  New	
  Engl	
  J	
  
Med,	
  2001.10	
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   The	
  COX-­‐1	
  and	
  COX-­‐2	
  isoforms	
  have	
  quite	
  similar	
  kinetics,	
  
but	
  elicit	
  important	
  differences	
  in	
  their	
  regulatory	
  mechanisms,	
  
cell	
  localization,	
  and	
  function.10	
  COX-­‐1	
  is	
  expressed	
  constitutively	
  
in	
  most	
  tissues,	
  e.g.,	
  platelets,	
  parietal	
  cells,	
  and	
  kidney	
  cells,	
  and	
  
regulates	
  normal	
  cellular	
  processes	
  such	
  as	
  platelet	
  aggregation,	
  
gastric	
  cytoprotection,	
  and	
  kidney	
  function.10	
  Inhibition	
  of	
  the	
  
endogenous	
  COX-­‐1-­‐mediated	
  production	
  of	
  prostaglandins	
  in	
  the	
  
gastric	
  mucosal	
  cells	
  accounts	
  for	
  the	
  gastrointestinal	
  toxicity	
  of	
  
NSAIDs.9	
  	
  
	
   In	
  contrast,	
  COX-­‐2	
  is	
  usually	
  undetectable	
  in	
  most	
  tissues,	
  
but	
  is	
  expressed	
  in	
  response	
  to	
  inflammation,	
  e.g.,	
  in	
  atheroma-­‐
tous	
  plaques	
  and	
  neoplasms.10	
  Also,	
  COX-­‐2	
  is	
  expressed	
  in	
  normal	
  
endothelial	
  cells	
  in	
  response	
  to	
  shear	
  stress.22	
  Inhibition	
  of	
  COX-­‐2	
  
is	
  associated	
  with	
  suppression	
  of	
  prostacyclin	
  (prostaglandin	
  I2),	
  
which	
  is	
  the	
  dominant	
  prostanoid	
  produced	
  by	
  endothelial	
  cells.10	
  
Prostacyclin	
  protects	
  the	
  endothelial	
  cells	
  during	
  shear	
  stress,22	
  
produces	
  local	
  smooth	
  muscle	
  cell	
  relaxation	
  and	
  vasodilation,	
  
and	
  interacts	
  with	
  platelets	
  to	
  antagonize	
  aggregation.23	
  Platelets	
  
contain	
  only	
  COX-­‐1,	
  which	
  converts	
  arachidonic	
  acid	
  to	
  throm-­‐
boxane	
  A2,	
  the	
  dominant	
  COX	
  product	
  produced	
  by	
  platelets	
  and	
  
a	
  potent	
  proaggregatory	
  and	
  vasoconstrictive	
  agent.23	
  
	
  
COX-­‐2	
  INHIBITION	
  AND	
  THE	
  CARDIOVASCULAR	
  SYSTEM	
  
Hemostasis	
  of	
  the	
  cardiovascular	
  system	
  depends	
  on	
  equilibrium	
  
between	
  prostacyclin	
  and	
  thromboxane	
  A2.	
  Even	
  before	
  the	
  
approval	
  of	
  coxibs,24,25	
  it	
  was	
  anticipated	
  that	
  such	
  drugs	
  could	
  
constitute	
  a	
  cardiovascular	
  hazard.24,25	
  The	
  proposed	
  underlying	
  
mechanism	
  was	
  that	
  selective	
  COX-­‐2	
  inhibition	
  would	
  shift	
  the	
  
prothrombotic/antithrombotic	
  balance	
  on	
  the	
  endothelial	
  surfac-­‐
es	
  in	
  favor	
  of	
  thrombosis	
  by	
  inhibiting	
  the	
  generation	
  of	
  COX-­‐2-­‐
derived	
  vascular	
  prostacyclin	
  while	
  the	
  COX-­‐1-­‐mediated	
  genera-­‐
tion	
  of	
  thromboxane	
  A2	
  was	
  left	
  unaffected.

10	
  
	
   Other	
  factors	
  contributing	
  to	
  the	
  cardiovascular	
  hazard	
  of	
  
selective	
  COX-­‐2	
  inhibition	
  include	
  acceleration	
  of	
  atherogenesis	
  
because	
  prostacyclin	
  has	
  a	
  protective	
  role	
  in	
  the	
  development	
  of	
  
atherosclerosis,26,27	
  blood	
  pressure	
  elevations	
  (higher	
  increase	
  for	
  
COX-­‐2	
  inhibitors	
  than	
  nonselective	
  NSAIDs)28,29	
  and	
  risk	
  or	
  exac-­‐
erbation	
  of	
  heart	
  failure.30-­‐32	
  Also,	
  a	
  less	
  protective	
  effect	
  of	
  COX-­‐
2	
  up-­‐regulation	
  during	
  myocardial	
  ischemia	
  may	
  lead	
  to	
  larger	
  
infarct	
  size,	
  greater	
  thinning	
  of	
  the	
  left	
  ventricular	
  wall	
  in	
  the	
  
infarct	
  zone,	
  and	
  an	
  increased	
  tendency	
  to	
  myocardial	
  rup-­‐
ture.33,34	
  

	
  
ESTABLISHED	
  CARDIOVASCULAR	
  RISKS	
  ASSOCIATED	
  WITH	
  NON-­‐
ASPIRIN	
  NSAID	
  USE	
  
The	
  hypothesized	
  thromboembolic	
  risks	
  of	
  selective	
  COX-­‐2	
  inhibi-­‐
tion	
  were	
  not	
  tested	
  in	
  the	
  clinical	
  setting	
  until	
  years	
  later.	
  The	
  
first	
  clinical	
  data	
  emerged	
  in	
  the	
  Vioxx	
  Gastrointestinal	
  Outcome	
  
Research	
  (VIGOR)	
  study,	
  in	
  which	
  the	
  risks	
  of	
  upper	
  gastrointesti-­‐
nal	
  events	
  were	
  compared	
  between	
  rofecoxib	
  (50	
  mg/day)	
  and	
  
naproxen	
  (500	
  mg	
  twice/day)	
  in	
  8,076	
  patients	
  with	
  rheumatoid	
  
arthritis.35	
  In	
  VIGOR,	
  a	
  50%	
  reduction	
  in	
  gastrointestinal	
  events	
  
(relative	
  risk	
  (RR)=0.5,	
  95%	
  confidence	
  interval	
  (CI):	
  0.3–0.6)	
  
among	
  rofecoxib	
  users	
  coincided	
  with	
  a	
  more	
  than	
  two-­‐fold	
  in-­‐
creased	
  risk	
  for	
  the	
  combined	
  outcome	
  of	
  thrombotic	
  cardiovas-­‐
cular	
  events	
  (RR=2.38,	
  95%	
  CI:	
  1.39–4.00),36	
  including	
  a	
  five-­‐fold	
  
increased	
  rate	
  for	
  myocardial	
  infarction	
  (20	
  vs.	
  4	
  events).11,37	
  
However,	
  the	
  lack	
  of	
  a	
  placebo	
  arm	
  and	
  a	
  debated	
  cardioprotec-­‐
tive	
  effect	
  of	
  naproxen	
  rendered	
  the	
  cardiovascular	
  risk	
  of	
  
rofecoxib	
  use	
  controversial	
  at	
  the	
  time.10	
  

	
   In	
  the	
  second	
  major	
  randomized	
  controlled	
  trial,	
  the	
  
Celecoxib	
  Long-­‐term	
  Arthritis	
  Safety	
  Study	
  (CLASS)	
  randomized	
  
use	
  of	
  celecoxib	
  (800	
  mg	
  twice/day)	
  vs.	
  ibuprofen	
  (800	
  mg	
  3	
  
times/day)	
  or	
  diclofenac	
  (75	
  mg	
  twice/day)	
  in	
  8,059	
  patients	
  with	
  
osteoarthritis	
  or	
  rheumatoid	
  arthritis.38	
  While	
  the	
  initial	
  publica-­‐
tion	
  of	
  the	
  data	
  suggested	
  that	
  celecoxib	
  reduced	
  the	
  risk	
  of	
  
adverse	
  gastrointestinal	
  events	
  compared	
  with	
  its	
  traditional	
  
NSAID	
  comparators,	
  this	
  turned	
  out	
  not	
  to	
  be	
  the	
  case	
  when	
  the	
  
complete	
  data	
  became	
  available.39	
  CLASS	
  demonstrated	
  no	
  in-­‐
creased	
  risk	
  of	
  cardiovascular	
  events	
  (0.9%	
  for	
  celecoxib	
  vs.	
  1.0%	
  
for	
  ibuprofen/diclofenac).36	
  Comparing	
  the	
  designs	
  of	
  VIGOR	
  and	
  
CLASS,	
  it	
  should	
  be	
  noted	
  that	
  VIGOR	
  included	
  only	
  patients	
  with	
  
rheumatoid	
  arthritis,	
  who	
  are	
  known	
  to	
  have	
  at	
  50%	
  higher	
  risk	
  of	
  
myocardial	
  infarction	
  than	
  patients	
  with	
  osteoarthritis	
  or	
  no	
  
arthritis.40	
  Also,	
  while	
  low-­‐dose	
  aspirin	
  use	
  was	
  precluded	
  in	
  
VIGOR,	
  it	
  was	
  used	
  among	
  20%	
  in	
  CLASS,	
  which	
  may	
  in	
  part	
  have	
  
neutralized	
  the	
  thrombogenic	
  effect	
  of	
  celecoxib.36	
  	
  

	
   Several	
  years	
  passed	
  before	
  the	
  manufacturer	
  withdrew	
  
rofecoxib	
  from	
  the	
  market	
  (September	
  30,	
  2004).	
  This	
  voluntary	
  
withdrawal	
  was	
  due	
  to	
  the	
  results	
  from	
  the	
  Adenomatous	
  Polyp	
  
Prevention	
  on	
  Vioxx	
  (APPROVe)	
  trial.41	
  APPROVe	
  was	
  a	
  long-­‐term,	
  
multicenter,	
  randomized,	
  placebo-­‐controlled,	
  double-­‐blinded	
  trial	
  
designed	
  to	
  determine	
  the	
  effect	
  of	
  three	
  years	
  of	
  treatment	
  with	
  
rofecoxib	
  on	
  the	
  risk	
  of	
  recurrent	
  neoplastic	
  polyps	
  of	
  the	
  large	
  
bowel	
  in	
  patients	
  with	
  a	
  history	
  of	
  colorectal	
  adenomas.41	
  AP-­‐
PROVe	
  showed	
  that	
  use	
  of	
  rofecoxib	
  more	
  than	
  doubled	
  the	
  risk	
  
of	
  cardiac	
  events	
  (hazard	
  ratio	
  (HR)=2.80,	
  95%	
  CI:	
  1.44–5.45),	
  and	
  
that	
  the	
  overall	
  cardiovascular	
  risk	
  was	
  not	
  influenced	
  by	
  use	
  of	
  
low-­‐dose	
  aspirin.41	
  As	
  a	
  consequence	
  of	
  APPROVe,	
  it	
  became	
  
clear	
  that	
  the	
  cardiovascular	
  safety	
  of	
  all	
  non-­‐aspirin	
  NSAIDs,	
  
including	
  the	
  traditional	
  agents,	
  needed	
  a	
  thorough	
  evaluation.	
  
	
   Current	
  evidence,	
  as	
  summarized	
  in	
  meta-­‐analyses,	
  supports	
  
that	
  all	
  non-­‐aspirin	
  NSAIDs	
  increase	
  the	
  risk	
  of	
  heart	
  failure	
  and	
  
elevated	
  blood	
  pressure,	
  whereas	
  the	
  risk	
  of	
  thrombotic	
  events	
  
varies	
  with	
  the	
  type	
  of	
  drug.28,42	
  Use	
  of	
  coxibs	
  is	
  associated	
  with	
  
the	
  highest	
  vascular	
  risk,42,43	
  whereas	
  naproxen	
  appears	
  to	
  have	
  
the	
  least	
  harmful	
  cardiovascular	
  risk	
  profile.42,43	
  Moreover,	
  in-­‐
creasing	
  evidence	
  supports	
  that	
  traditional	
  NSAIDs	
  with	
  a	
  prefer-­‐
ence	
  for	
  COX-­‐2,	
  in	
  particular	
  diclofenac,	
  have	
  thrombogenic	
  
properties	
  similar	
  to	
  coxibs.42	
  Independent	
  of	
  treatment	
  dura-­‐
tion44	
  and	
  time	
  passed	
  since	
  first	
  myocardial	
  infarction,45	
  the	
  
associated	
  cardiovascular	
  risk	
  of	
  COX-­‐2	
  selective	
  inhibitors	
  is	
  a	
  
particular	
  concern	
  among	
  patients	
  with	
  existing	
  heart	
  disease.32,46	
  

	
   The	
  withdrawal	
  of	
  rofecoxib	
  and	
  subsequent	
  increased	
  focus	
  
on	
  NSAID-­‐associated	
  cardiovascular	
  risks	
  have	
  reduced	
  the	
  use	
  of	
  
several	
  non-­‐aspirin	
  NSAIDs	
  in	
  Denmark.5	
  Most	
  notably,	
  use	
  of	
  
coxibs	
  nearly	
  ceased	
  after	
  2004.5	
  Following	
  recommendations	
  
from	
  the	
  Danish	
  Medicines	
  Agency	
  in	
  200847	
  and	
  the	
  Danish	
  
Society	
  for	
  Cardiology	
  in	
  200948	
  to	
  prescribe	
  diclofenac	
  with	
  
caution	
  due	
  to	
  its	
  associated	
  cardiovascular	
  risks,	
  diclofenac	
  use	
  
has	
  decreased	
  by	
  half	
  since	
  2008.5	
  In	
  contrast,	
  over-­‐the-­‐counter	
  
use	
  as	
  well	
  as	
  prescription	
  use	
  of	
  ibuprofen	
  has	
  continued	
  to	
  
increase	
  throughout	
  the	
  same	
  period,	
  whereas	
  naproxen	
  use	
  has	
  
remained	
  stable	
  despite	
  the	
  reported	
  less	
  harmful	
  cardiovascular	
  
risk	
  profile.5	
  
	
   According	
  to	
  the	
  American	
  Heart	
  Association,	
  selective	
  COX-­‐
2	
  inhibitors	
  increase	
  the	
  risks	
  of	
  myocardial	
  infarction,	
  stroke,	
  
heart	
  failure,	
  and	
  hypertension.23	
  However,	
  it	
  is	
  less	
  clear	
  wheth-­‐
er	
  use	
  of	
  COX-­‐2	
  inhibitors	
  or	
  other	
  non-­‐aspirin	
  NSAIDs	
  is	
  also	
  
associated	
  with	
  adverse	
  events	
  in	
  the	
  growing	
  proportion	
  of	
  
patients	
  with	
  ischemic	
  heart	
  disease	
  who	
  receive	
  percutaneous	
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coronary	
  intervention	
  (PCI)	
  with	
  stent	
  implantation	
  (Figure	
  4).	
  
Use	
  of	
  non-­‐aspirin	
  NSAIDs	
  may	
  also	
  influence	
  the	
  risk	
  and	
  prog-­‐
nosis	
  of	
  other	
  major	
  cardiovascular	
  diseases.	
  Thus,	
  whether	
  use	
  
of	
  non-­‐aspirin	
  NSAIDs	
  increases	
  the	
  risk	
  of	
  venous	
  thromboembo-­‐
lism,	
  atrial	
  fibrillation,	
  or	
  a	
  fatal	
  outcome	
  from	
  stroke	
  remains	
  
largely	
  uninvestigated.	
  
	
  
Figure	
  4.	
  Number	
  of	
  individuals	
  registered	
  in	
  the	
  Danish	
  National	
  Patient	
  
Registry	
  with	
  a	
  first-­‐time	
  percutaneous	
  coronary	
  intervention	
  (PCI)	
  or	
  
coronary	
  artery	
  bypass	
  grafting	
  (CABG)	
  during	
  1996–2012.	
  
	
  

	
  
	
  
LITERATURE	
  REVIEW	
  
To	
  review	
  the	
  existing	
  literature,	
  we	
  searched	
  Medline	
  using	
  
Medical	
  Subject	
  Headings	
  (MeSH),	
  creating	
  first	
  the	
  search	
  build-­‐
er	
  from	
  “AND/OR”	
  combinations	
  of	
  Major	
  MeSH	
  topics.	
  If	
  the	
  
search	
  only	
  revealed	
  a	
  few	
  hits,	
  non-­‐Major	
  MeSH	
  topics	
  were	
  
used	
  instead.	
  Titles	
  and	
  abstracts	
  of	
  all	
  English	
  written	
  papers	
  
were	
  then	
  reviewed	
  and	
  relevant	
  papers	
  were	
  selected	
  according	
  
to	
  the	
  PICO	
  criteria	
  (population,	
  intervention/exposure,	
  compari-­‐
son,	
  and	
  outcome).49,50	
  Finally,	
  related	
  papers	
  highlighted	
  by	
  
Medline	
  or	
  Web	
  of	
  Knowledge	
  for	
  each	
  selected	
  paper	
  were	
  
reviewed	
  together	
  with	
  relevant	
  papers	
  from	
  the	
  reference	
  list	
  of	
  
the	
  selected	
  papers.	
  An	
  overview	
  of	
  the	
  search	
  terms	
  and	
  litera-­‐
ture	
  is	
  provided	
  in	
  Table	
  1.	
  
	
  
NON-­‐ASPIRIN	
  NSAID	
  USE	
  AND	
  STENT-­‐RELATED	
  OUTCOMES	
  
The	
  benefits	
  of	
  coronary	
  stents	
  come	
  at	
  the	
  expense	
  of	
  an	
  in-­‐
creased	
  risk	
  of	
  stent-­‐related	
  events	
  —	
  most	
  notably	
  in-­‐stent	
  
restenosis	
  and	
  thrombotic	
  stent	
  occlusion	
  (stent	
  thrombosis).73,74	
  
Stent	
  thrombosis	
  is	
  a	
  feared	
  complication	
  of	
  stent	
  implantation	
  
because	
  it	
  most	
  often	
  presents	
  with	
  death	
  or	
  as	
  a	
  large	
  non-­‐fatal	
  
myocardial	
  infarction.73,74	
  Stent	
  thrombosis	
  can	
  occur	
  acutely	
  
(within	
  24	
  hours),	
  subacutely	
  (within	
  30	
  days),	
  late	
  (within	
  one	
  
year),	
  or	
  very	
  late	
  (>	
  one	
  year)	
  after	
  stent	
  placement.75	
  Compared	
  
with	
  bare-­‐metal	
  stents,	
  reports	
  with	
  4-­‐year	
  outcomes	
  initially	
  
indicated	
  that	
  drug-­‐eluting	
  stents	
  were	
  efficient	
  in	
  reducing	
  the	
  
risk	
  of	
  target	
  lesion	
  revascularization	
  (TLR)	
  due	
  to	
  in-­‐stent	
  reste-­‐
nosis	
  (from	
  20%	
  to	
  <10%),	
  but	
  roughly	
  doubled	
  the	
  risk	
  of	
  late	
  
stent	
  thrombosis	
  (absolute	
  risk	
  of	
  1–2%).73,74	
  Recent	
  meta-­‐
analyses,	
  however,	
  provide	
  evidence	
  that	
  drug-­‐eluting	
  stents	
  
reduce	
  the	
  risk	
  of	
  TLR	
  compared	
  with	
  bare-­‐metal	
  stents	
  without	
  
increasing	
  the	
  risk	
  of	
  any	
  safety	
  outcomes	
  (death,	
  myocardial	
  
infarction,	
  or	
  stent	
  thrombosis).76,77	
  
	
  	
  	
  

Table	
  1.	
  Summary	
  of	
  literature	
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   To	
  prevent	
  adverse	
  arterial	
  events,	
  patients	
  with	
  coronary	
  
stents	
  receive	
  more	
  aggressive	
  antiplatelet	
  treatment	
  at	
  least	
  up	
  
to	
  one	
  year	
  after	
  stent	
  implantation	
  compared	
  to	
  patients	
  with-­‐
out	
  stents.78	
  Due	
  to	
  the	
  stent	
  itself73,74	
  and	
  the	
  antiplatelet	
  regi-­‐
men,78	
  stent	
  patients	
  represent	
  a	
  subgroup	
  of	
  patients	
  with	
  is-­‐
chemic	
  heart	
  disease,	
  for	
  whom	
  the	
  NSAID-­‐associated	
  
cardiovascular	
  risks	
  need	
  individual	
  assessment.	
  Data	
  from	
  low-­‐
risk	
  populations79	
  or	
  patients	
  with	
  existing	
  ischemic	
  heart	
  disease	
  
but	
  without	
  stents44,46	
  cannot	
  necessarily	
  be	
  extrapolated	
  to	
  stent	
  
patients	
  due	
  to	
  the	
  aggressive	
  antiplatelet	
  therapy,78	
  the	
  recent	
  
coronary	
  intervention	
  that	
  may	
  alter	
  the	
  cardiac	
  safety	
  of	
  
NSAIDs,80	
  and	
  the	
  potential	
  greater	
  baseline	
  risk.73	
  
	
   Previously,	
  a	
  randomized	
  trial	
  (COREA-­‐TAXUS)	
  of	
  274	
  stent	
  
patients	
  found	
  that	
  six-­‐month	
  adjunctive	
  celecoxib	
  treatment	
  
after	
  stent	
  implantation	
  was	
  safe.53,55	
  Unfortunately,	
  the	
  safety	
  of	
  
other	
  NSAIDs	
  was	
  not	
  studied.53,55	
  Another	
  cohort	
  study	
  reported	
  
that	
  patients	
  undergoing	
  coronary	
  revascularization	
  (with	
  or	
  
without	
  a	
  history	
  of	
  myocardial	
  infarction)	
  had	
  an	
  increased	
  risk	
  
of	
  adverse	
  cardiovascular	
  events	
  when	
  diclofenac,	
  ibuprofen,	
  and	
  
higher	
  doses	
  of	
  celecoxib	
  and	
  rofecoxib	
  were	
  used.54	
  However,	
  
coronary	
  revascularization	
  was	
  not	
  restricted	
  to	
  or	
  stratified	
  by	
  
stent	
  implantation.54	
  Moreover,	
  follow-­‐up	
  did	
  not	
  include	
  the	
  first	
  
45	
  days	
  after	
  PCI,	
  during	
  which	
  period	
  non-­‐aspirin	
  NSAID	
  use	
  may	
  
be	
  particular	
  hazardous.80	
  Finally,	
  stent	
  thrombosis,	
  TLR,	
  and	
  
cardiac	
  death	
  were	
  not	
  available	
  for	
  investigation	
  as	
  outcomes.54	
  
	
  
NON-­‐ASPIRIN	
  NSAID	
  USE	
  AND	
  VENOUS	
  THROMBOEMBOLISM	
  
RISK	
  
Venous	
  thromboembolism	
  is	
  a	
  common	
  disease	
  affecting	
  overall	
  
1–2	
  per	
  1,000	
  individuals	
  in	
  Western	
  populations	
  per	
  year.81	
  The	
  
annual	
  incidence	
  rate,	
  however,	
  increases	
  exponentially	
  with	
  age	
  
for	
  both	
  men	
  and	
  women,82	
  from	
  <0.5	
  per	
  1,000	
  persons	
  below	
  
40	
  years	
  of	
  age	
  to	
  about	
  one	
  per	
  100	
  persons	
  aged	
  80	
  years	
  or	
  
more.82	
  The	
  classic	
  risk	
  factors	
  for	
  venous	
  thromboembolism	
  
include	
  immobilization,	
  recent	
  surgery,	
  trauma,	
  cancer,	
  pregnan-­‐
cy,	
  and	
  use	
  of	
  oral	
  contraceptives	
  or	
  postmenopausal	
  hormonal	
  
replacement	
  therapy.81	
  Based	
  on	
  the	
  presence	
  or	
  absence	
  of	
  
these	
  classic	
  risk	
  factors,	
  venous	
  thromboembolism	
  can	
  arbitrarily	
  
be	
  categorized	
  as	
  provoked	
  (=secondary)	
  or	
  unprovoked	
  
(=idiopathic/primary).81	
  Venous	
  thromboembolism	
  is	
  associated	
  
with	
  increased	
  morbidity	
  and	
  mortality.81,83	
  It	
  occurs	
  predomi-­‐
nantly	
  in	
  the	
  deep	
  vessels	
  of	
  the	
  lower	
  limbs	
  (i.e.,	
  deep	
  vein	
  
thrombosis),	
  with	
  subsequent	
  risk	
  of	
  pulmonary	
  embolism	
  and	
  
post-­‐thrombotic	
  syndrome.84	
  Among	
  patients	
  with	
  pulmonary	
  
embolism,	
  2–4%	
  develop	
  chronic	
  thromboembolic	
  pulmonary	
  
hypertension	
  with	
  disabling	
  dyspnea	
  both	
  at	
  rest	
  and	
  with	
  exer-­‐
tion.85	
  The	
  recurrence	
  rate	
  after	
  stopping	
  anticoagulant	
  drug	
  
therapy	
  is	
  overall	
  5%	
  per	
  year,	
  and	
  higher	
  after	
  unprovoked	
  (8%)	
  
than	
  provoked	
  venous	
  thromboembolism	
  (3%).86	
  Recurrent	
  ve-­‐
nous	
  thromboembolism	
  is	
  therefore	
  a	
  major	
  clinical	
  problem	
  and	
  
recent	
  data	
  show	
  that	
  patients	
  with	
  venous	
  thromboembolism	
  
are	
  at	
  considerable	
  increased	
  risk	
  of	
  dying	
  within	
  the	
  first	
  30	
  days	
  
after	
  diagnosis	
  (3%	
  for	
  deep	
  vein	
  thrombosis	
  and	
  31%	
  for	
  pulmo-­‐
nary	
  embolism),	
  but	
  also	
  during	
  the	
  remaining	
  30	
  years	
  of	
  follow-­‐
up	
  with	
  venous	
  thromboembolism	
  as	
  an	
  important	
  cause	
  of	
  
death.83	
  	
  
	
   By	
  tradition,	
  atherosclerotic	
  and	
  venous	
  thrombosis	
  have	
  
been	
  considered	
  two	
  separate	
  disease	
  entities	
  because	
  arterial	
  

thrombi	
  mainly	
  comprise	
  platelets,	
  while	
  venous	
  thrombi	
  mainly	
  
comprise	
  red	
  blood	
  cells	
  and	
  fibrin.87	
  However,	
  the	
  distinction	
  
between	
  arterial	
  and	
  venous	
  thrombosis	
  is	
  not	
  trivial.88,89	
  Plate-­‐
lets	
  also	
  play	
  a	
  role	
  in	
  venous	
  thrombosis	
  as	
  explained	
  by	
  the	
  
biochemical	
  interaction	
  between	
  platelets	
  and	
  the	
  coagulation	
  
mechanism	
  (platelet-­‐fibrin	
  units),	
  which	
  is	
  essential	
  for	
  thrombus	
  
growth.90,91	
  Moreover,	
  these	
  disorders	
  are	
  associated	
  with	
  in-­‐
creased	
  risks	
  of	
  each	
  other,88,89	
  and	
  treatment	
  regimens	
  previous-­‐
ly	
  only	
  considered	
  for	
  arterial	
  thrombosis	
  may	
  also	
  be	
  effective	
  
for	
  venous	
  thrombosis.92,93	
  
	
   Selective	
  suppression	
  of	
  COX-­‐2-­‐derived	
  prostacyclin	
  may	
  
induce	
  a	
  prothrombotic	
  state	
  that	
  not	
  only	
  affects	
  the	
  risk	
  of	
  
arterial	
  vascular	
  events,	
  as	
  outlined	
  previously,	
  but	
  also	
  venous	
  
thromboembolism.10,11	
  In	
  fact,	
  COX-­‐2	
  is	
  expressed	
  in	
  greater	
  
amounts	
  in	
  venous	
  smooth	
  muscle	
  cells	
  than	
  in	
  arterial	
  cells.94	
  
Furthermore,	
  prostaglandins	
  stimulate	
  the	
  expression	
  of	
  throm-­‐
bomodulin,	
  a	
  strong	
  inhibitor	
  of	
  blood	
  coagulation	
  in	
  human	
  
smooth	
  muscle	
  cells.95	
  A	
  reduced	
  prostaglandin	
  synthesis	
  due	
  to	
  
COX-­‐2	
  inhibition	
  may	
  therefore	
  have	
  a	
  prothrombotic	
  effect.95	
  	
  
	
   The	
  association	
  between	
  non-­‐aspirin	
  NSAID	
  use	
  and	
  venous	
  
thromboembolism	
  has	
  only	
  been	
  sparsely	
  investigated.	
  The	
  origi-­‐
nal	
  publication	
  of	
  the	
  VIGOR	
  trial	
  failed	
  to	
  report	
  all	
  cardiovascu-­‐
lar	
  events.35	
  It	
  was	
  later	
  revealed	
  that	
  the	
  rate	
  of	
  venous	
  throm-­‐
bosis	
  had	
  been	
  five-­‐fold	
  higher	
  in	
  the	
  rofecoxib	
  group	
  than	
  in	
  the	
  
naproxen	
  group,	
  indicating	
  a	
  strong	
  COX-­‐2-­‐associated	
  risk	
  of	
  
venous	
  thromboembolism.11,63,65	
  However,	
  the	
  precision	
  of	
  the	
  
estimates	
  was	
  low	
  (RR=0.17,	
  95%	
  CI:	
  0.00–1.37	
  with	
  rofecoxib	
  as	
  
reference),	
  because	
  the	
  trial	
  was	
  not	
  powered	
  to	
  detect	
  differ-­‐
ences	
  in	
  individual	
  thromboembolic	
  events.11,63,65	
  Subsequent	
  
observational	
  studies	
  have	
  reported	
  conflicting	
  results	
  on	
  wheth-­‐
er57,60	
  or	
  not58,64	
  an	
  association	
  exists	
  between	
  traditional	
  NSAIDs	
  
and	
  venous	
  thromboembolism.	
  No	
  study	
  has	
  yet	
  examined	
  the	
  
association	
  with	
  venous	
  thromboembolism	
  for	
  both	
  nonselective	
  
and	
  COX-­‐2	
  selective	
  NSAIDs.	
  
	
  
NON-­‐ASPIRIN	
  NSAID	
  USE	
  AND	
  ATRIAL	
  FIBRILLATION	
  RISK	
  
Atrial	
  fibrillation	
  is	
  the	
  most	
  common	
  rhythm	
  disorder	
  observed	
  
in	
  clinical	
  practice.96	
  The	
  incidence	
  rate	
  per	
  1,000	
  person-­‐years	
  is	
  
overall	
  four,	
  reflecting	
  an	
  increase	
  from	
  below	
  0.5	
  in	
  individuals	
  
below	
  40	
  years	
  of	
  age	
  to	
  above	
  25	
  in	
  individuals	
  above	
  80	
  years	
  of	
  
age.96	
  The	
  corresponding	
  prevalence	
  is	
  0.1%	
  in	
  individuals	
  below	
  
40	
  years	
  of	
  age	
  and	
  above	
  10%	
  in	
  individuals	
  above	
  80	
  years	
  of	
  
age.96	
  In	
  addition	
  to	
  age,	
  other	
  well-­‐established	
  risk	
  factors	
  in-­‐
clude	
  heart	
  failure,97	
  valvular	
  heart	
  disease,97	
  hypertension,97,98	
  
hypertrophic	
  cardiomyopathy,99	
  cardiac	
  surgery,100	
  diabetes	
  
mellitus,97,98	
  inflammation	
  (even	
  low-­‐grade),101,102	
  hyperthyroid-­‐
ism,103	
  obstructive	
  sleep	
  apnea,104	
  male	
  sex,97,98	
  and	
  adult	
  
height.98,105	
  Of	
  clinical	
  and	
  public	
  health	
  importance,	
  atrial	
  fibrilla-­‐
tion	
  is	
  associated	
  with	
  reduced	
  quality	
  of	
  life106	
  and	
  increased	
  risk	
  
of	
  heart	
  failure,107	
  ischemic	
  stroke,108,109	
  and	
  death.110	
  
	
   NSAIDs	
  may	
  reduce	
  any	
  inflammatory-­‐associated	
  risk	
  of	
  
atrial	
  inflammation.102	
  However,	
  NSAID	
  use	
  may	
  also	
  increase	
  the	
  
risk	
  of	
  atrial	
  fibrillation	
  through	
  several	
  cardiovascular-­‐	
  and	
  renal-­‐
related	
  effects.111	
  First,	
  NSAIDs	
  may	
  elicit	
  direct	
  proarrhythmic	
  
effects	
  that	
  render	
  the	
  patient	
  more	
  susceptible	
  to	
  atrial	
  fibrilla-­‐
tion.11	
  Thus,	
  COX-­‐2-­‐derived	
  prostacyclin	
  acts	
  as	
  an	
  endogenous	
  
antiarrhythmic	
  agent	
  through	
  its	
  inhibition	
  of	
  epicardial	
  sympa-­‐
thetic	
  nerve	
  activity.112-­‐114	
  This	
  inhibition	
  may	
  be	
  particularly	
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important	
  during	
  myocardial	
  ischemia	
  where	
  thromboxane	
  and	
  
prostacyclin	
  are	
  released	
  from	
  the	
  acutely	
  ischemic	
  myocardium	
  
and	
  their	
  balance	
  is	
  related	
  to	
  the	
  risk	
  of	
  arrhythmias.115	
  Experi-­‐
mental	
  animal	
  studies	
  have	
  also	
  shown	
  that	
  selective	
  deletion	
  of	
  
cardiomyocyte	
  COX-­‐2	
  expression	
  in	
  mice	
  induces	
  interstitial	
  and	
  
perivascular	
  fibrosis	
  associated	
  with	
  an	
  enhanced	
  susceptibility	
  to	
  
arrythmias116	
  and	
  that	
  coxibs,	
  independent	
  of	
  their	
  COX-­‐2	
  inhibi-­‐
tion,	
  may	
  inhibit	
  delayed	
  rectifier	
  potassium	
  channels	
  and	
  there-­‐
by	
  induce	
  arrhythmia.117	
  	
  
	
   Second,	
  NSAIDs	
  may	
  increase	
  the	
  risk	
  of	
  atrial	
  fibrillation	
  
through	
  their	
  frequently	
  associated	
  adverse	
  renal	
  effect.118	
  Thus,	
  
NSAID-­‐associated	
  fluid	
  retention	
  and	
  expansion	
  of	
  the	
  plasma	
  
volume	
  may	
  lead	
  to	
  increased	
  left	
  atrial	
  pressure/stretch	
  and	
  
subsequent	
  atrial	
  fibrillation.118	
  Even	
  short-­‐term	
  use	
  of	
  NSAIDs	
  
(<14	
  days)	
  has	
  been	
  shown	
  to	
  increase	
  left	
  ventricular	
  end-­‐
diastolic	
  and	
  end-­‐systolic	
  dimensions	
  on	
  echocardiography.119	
  As	
  
a	
  result	
  of	
  decreased	
  potassium	
  excretion	
  within	
  the	
  distal	
  neph-­‐
ron,	
  NSAID	
  use	
  may	
  also	
  cause	
  proarrhythmic	
  fluctuations	
  in	
  the	
  
potassium	
  level.118	
  Finally,	
  an	
  NSAID-­‐associated	
  risk	
  of	
  atrial	
  
fibrillation	
  may	
  in	
  part	
  be	
  mediated	
  through	
  heart	
  failure120	
  and	
  
blood	
  pressure	
  elevations,	
  with	
  the	
  latter	
  occurring	
  due	
  to	
  plasma	
  
volume	
  expansion,	
  increased	
  peripheral	
  resistance,	
  and	
  attenua-­‐
tion	
  of	
  diuretic	
  and	
  antihypertensive	
  drug	
  effects.28,118	
  	
  
	
   The	
  role	
  of	
  COX	
  inhibition	
  in	
  atrial	
  fibrillation	
  occurrence	
  has	
  
only	
  sparsely	
  been	
  investigated	
  in	
  the	
  clinical	
  setting.70,71	
  Data	
  
from	
  a	
  meta-­‐analysis	
  of	
  114	
  clinical	
  trials	
  suggested	
  that	
  use	
  of	
  
rofecoxib	
  was	
  associated	
  with	
  an	
  increased	
  risk	
  of	
  any	
  type	
  of	
  
cardiac	
  arrhythmia	
  (RR=2.90,	
  95%	
  CI:	
  1.07–7.88).71	
  However,	
  
because	
  only	
  286	
  incident	
  arrhythmias	
  were	
  included,	
  precision	
  
was	
  low	
  and	
  risk	
  of	
  atrial	
  fibrillation	
  could	
  not	
  be	
  examined	
  sepa-­‐
rately.71	
  Another	
  study	
  found	
  that	
  use	
  of	
  traditional	
  NSAIDs	
  was	
  
associated	
  with	
  a	
  44%	
  increased	
  risk	
  of	
  chronic	
  atrial	
  fibrillation.71	
  
As	
  of	
  yet,	
  no	
  study	
  has	
  examined	
  the	
  association	
  between	
  COX-­‐2	
  
inhibitors	
  and	
  risk	
  of	
  atrial	
  fibrillation.70	
  
	
  
NON-­‐ASPIRIN	
  NSAID	
  USE	
  AND	
  STROKE	
  MORTALITY	
  
Stroke	
  is	
  predicted	
  to	
  remain	
  a	
  leading	
  cause	
  of	
  death	
  and	
  disabil-­‐
ity	
  worldwide.121	
  The	
  incidence	
  rate	
  of	
  hospitalized	
  stroke	
  per	
  
1,000	
  person-­‐years	
  in	
  Denmark	
  is	
  approximately	
  three,122	
  increas-­‐
ing	
  from	
  1–2	
  in	
  individuals	
  below	
  45	
  years	
  to	
  13–15	
  in	
  those	
  
above	
  75	
  years.121,122	
  Thus,	
  more	
  than	
  two-­‐thirds	
  of	
  all	
  strokes	
  
occur	
  among	
  persons	
  aged	
  65	
  years	
  or	
  older.123	
  In	
  this	
  age	
  group,	
  
both	
  comorbidity	
  and	
  associated	
  medical	
  treatment,	
  such	
  as	
  
NSAID	
  use,	
  is	
  highly	
  prevalent.5,124	
  
	
   Comorbidity	
  burden	
  is	
  an	
  important	
  prognostic	
  factor	
  for	
  
stroke	
  mortality.124	
  Numerous	
  studies	
  have	
  examined	
  whether	
  
non-­‐aspirin	
  NSAID	
  use	
  is	
  associated	
  with	
  stroke	
  incidence.41,43,125	
  
Although	
  the	
  evidence	
  is	
  inconsistent,42,43	
  use	
  of	
  different	
  coxibs	
  
and	
  diclofenac	
  has	
  been	
  reported	
  to	
  confer	
  increased	
  cerebrovas-­‐
cular	
  risks.41,43,125	
  The	
  results	
  from	
  the	
  APPROVe	
  trial	
  indicated	
  a	
  
more	
  than	
  two-­‐fold	
  increased	
  risk	
  of	
  cerebrovascular	
  events	
  
(HR=2.32,	
  95%	
  CI:	
  0.89–6.74)	
  and	
  a	
  recent	
  meta-­‐analysis	
  reported	
  
rate	
  ratios	
  more	
  than	
  2.5-­‐fold	
  increased	
  for	
  ibuprofen	
  (3.36,	
  95%	
  
CI:	
  1.00–11.60),	
  diclofenac	
  (2.86,	
  95%	
  CI:	
  1.09–8.36),	
  etoricoxib	
  
2.67	
  (0.82–8.72),	
  and	
  lumiracoxib	
  (2.81,	
  95%	
  CI:	
  1.05–7.48).	
  Still,	
  
it	
  remains	
  unclear	
  whether	
  non-­‐aspirin	
  NSAID	
  use	
  also	
  affects	
  
stroke	
  prognosis.	
  	
  
	
   Given	
  the	
  reported	
  thromboembolic	
  properties	
  of	
  COX-­‐2	
  
inhibitors,12,43,125	
  their	
  use	
  could	
  potentially	
  lead	
  to	
  larger	
  and	
  
more	
  often	
  fatal	
  thromboembolic	
  occlusions	
  compared	
  with	
  non-­‐
use.	
  An	
  effect	
  of	
  non-­‐aspirin	
  NSAID	
  use	
  on	
  stroke	
  mortality	
  may	
  

also	
  in	
  part	
  be	
  mediated	
  through	
  stroke	
  recurrence,41,43,125	
  myo-­‐
cardial	
  infarction,41	
  or	
  atrial	
  fibrillation	
  with	
  subsequent	
  risk	
  of	
  
heart	
  failure	
  and	
  ischemic	
  stroke.3	
  COX-­‐2	
  inhibition	
  may	
  also	
  
impair	
  the	
  pathophysiological	
  response	
  to	
  a	
  stroke	
  by	
  inhibiting	
  
the	
  neuroprotective	
  effect	
  of	
  prostaglandin	
  E2.

126	
  Any	
  ischemic	
  
preconditioning	
  mediated	
  by	
  prior	
  sublethal	
  ischemic	
  insults	
  
would	
  also	
  be	
  counteracted	
  by	
  COX-­‐2	
  inhibition.127-­‐129	
  	
  
	
   Despite	
  the	
  previous	
  experimental	
  studies	
  on	
  the	
  role	
  of	
  COX	
  
enzymes	
  in	
  cerebral	
  ischemia,126,130-­‐132	
  only	
  one	
  study	
  has	
  associ-­‐
ated	
  preadmission	
  NSAID	
  use	
  with	
  stroke	
  outcome	
  in	
  the	
  clinical	
  
setting.72	
  The	
  results	
  from	
  this	
  study	
  demonstrated	
  that	
  non-­‐
aspirin	
  NSAID	
  use	
  was	
  associated	
  with	
  an	
  increased	
  risk	
  of	
  stroke	
  
with	
  mild	
  functional	
  outcome.72	
  No	
  study	
  has	
  examined	
  the	
  effect	
  
of	
  preadmission	
  NSAID	
  use	
  on	
  short-­‐term	
  stroke	
  mortality.	
  
	
  
HYPOTHESES	
  AND	
  OBJECTIVES	
  	
  
We	
  hypothesized	
  that	
  non-­‐aspirin	
  NSAID	
  use	
  increased	
  the	
  risk	
  of	
  
stent	
  thrombosis	
  (study	
  I),	
  venous	
  thrombosis	
  (study	
  II),	
  atrial	
  
fibrillation	
  (study	
  III),	
  and	
  death	
  from	
  ischemic	
  stroke	
  (study	
  IV).	
  
Any	
  adverse	
  effect	
  of	
  non-­‐aspirin	
  NSAID	
  use	
  on	
  these	
  outcomes	
  
would	
  have	
  major	
  clinical	
  and	
  public	
  health	
  implications,	
  especial-­‐
ly	
  in	
  the	
  elderly,	
  where	
  the	
  prevalence	
  of	
  NSAID	
  use	
  and	
  the	
  
occurrence	
  of	
  these	
  diseases	
  are	
  high.	
  	
  
	
   This	
  dissertation	
  therefore	
  examined	
  whether	
  use	
  of	
  non-­‐
aspirin	
  NSAIDs	
  was	
  associated	
  with	
  the	
  risk	
  of	
  major	
  adverse	
  
cardiovascular	
  events	
  (MACE)	
  after	
  coronary	
  stent	
  implantation	
  
(I),	
  risk	
  of	
  venous	
  thromboembolism	
  (II),	
  risk	
  of	
  atrial	
  fibrillation	
  
(III),	
  and	
  30-­‐day	
  stroke	
  mortality	
  (IV).	
  
	
  
METHODS	
  
The	
  methods	
  used	
  for	
  each	
  study	
  are	
  summarized	
  in	
  Table	
  2.	
  
	
  
Figure	
  5.	
  Record	
  linkage	
  potential	
  of	
  Danish	
  medical	
  registries	
  using	
  the	
  
Civil	
  Personal	
  Register	
  (CPR)	
  number.	
  Red	
  circles	
  highlight	
  the	
  data	
  sources	
  
used.	
  Figure	
  modified	
  from	
  Schmidt	
  et	
  al.,	
  Clin	
  Epidemiol,	
  2010.136	
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Table	
  2.	
  Summary	
  of	
  methods	
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SETTING	
  
The	
  Danish	
  National	
  Health	
  Service	
  provides	
  universal	
  tax	
  sup-­‐
ported	
  healthcare,	
  guaranteeing	
  free	
  and	
  equal	
  access	
  to	
  general	
  
practitioners	
  and	
  hospitals	
  and	
  partial	
  reimbursement	
  for	
  pre-­‐
scribed	
  medications,	
  including	
  NSAIDs.133	
  
	
  
DATA	
  SOURCES	
  
Individual-­‐level	
  linkage	
  of	
  all	
  Danish	
  databases	
  is	
  possible	
  using	
  
the	
  unique	
  Danish	
  Civil	
  Personal	
  Register	
  number	
  (Figure	
  5),	
  
which	
  is	
  assigned	
  to	
  each	
  Danish	
  citizen	
  at	
  birth	
  and	
  to	
  residents	
  
upon	
  immigration.134	
  The	
  individual	
  data	
  sources	
  used	
  in	
  this	
  
dissertation	
  are	
  described	
  in	
  more	
  detail	
  below.	
  Each	
  of	
  these	
  
registries	
  intends	
  to	
  cover	
  all	
  residents	
  in	
  their	
  geographical	
  area	
  
(Northern	
  Denmark,135	
  Western	
  Denmark,136	
  or	
  entire	
  Den-­‐
mark134,137-­‐140)	
  within	
  a	
  given	
  time	
  period.141	
  The	
  Civil	
  Registration	
  
System	
  includes	
  all	
  inhabitants	
  in	
  Denmark	
  and	
  is	
  therefore	
  a	
  
population	
  registry.141	
  The	
  others	
  include	
  members	
  of	
  the	
  Danish	
  
population	
  with	
  some	
  defining	
  combination	
  of	
  traits,	
  exposures,	
  
and	
  events.	
  Hence,	
  these	
  are	
  population-­‐based	
  registries.141	
  
	
  
Prescription	
  registries	
  (studies	
  I–V)	
  	
  
Pharmacies	
  in	
  Denmark	
  are	
  equipped	
  with	
  electronic	
  accounting	
  
systems,	
  which	
  are	
  primarily	
  used	
  to	
  secure	
  reimbursement	
  from	
  
the	
  National	
  Health	
  Service.138	
  For	
  each	
  redeemed	
  prescription,	
  
the	
  patient’s	
  Civil	
  Personal	
  Register	
  number,	
  the	
  type	
  of	
  drug	
  
prescribed	
  according	
  to	
  the	
  Anatomical	
  Therapeutic	
  Chemical	
  
classification	
  system,142	
  pack	
  size	
  (number	
  of	
  pills	
  and	
  daily	
  de-­‐
fined	
  doses),	
  and	
  the	
  date	
  of	
  drug	
  dispensing	
  are	
  transferred	
  
electronically	
  from	
  the	
  pharmacies	
  to	
  prescription	
  registries.138	
  
Different	
  dose	
  units	
  for	
  the	
  same	
  pharmaceutical	
  entity	
  can	
  also	
  
be	
  identified	
  separately	
  in	
  the	
  prescription	
  registries	
  by	
  use	
  of	
  
product	
  codes.143	
  
	
   We	
  used	
  three	
  different	
  sources	
  of	
  prescription	
  da-­‐
ta.135,137,138	
  For	
  study	
  I,	
  we	
  used	
  the	
  Danish	
  National	
  Prescription	
  
Registry	
  (i.e.,	
  Register	
  of	
  Medicinal	
  Product	
  Statistics),	
  which	
  has	
  
complete	
  nationwide	
  coverage	
  since	
  January	
  1,	
  1995.137	
  For	
  stud-­‐
ies	
  II–III,	
  we	
  used	
  the	
  Aarhus	
  University	
  Prescription	
  Database,	
  
which	
  includes	
  data	
  on	
  reimbursed	
  medications	
  dispensed	
  at	
  all	
  
community	
  pharmacies	
  in	
  the	
  North	
  Denmark	
  Region	
  and	
  the	
  
Central	
  Denmark	
  Region.135	
  The	
  coverage	
  periods	
  vary	
  between	
  
parts	
  (former	
  counties)	
  of	
  the	
  regions,	
  but	
  has	
  since	
  1998	
  been	
  
complete	
  for	
  the	
  study	
  area	
  of	
  Northern	
  Denmark,	
  defined	
  by	
  the	
  
North	
  Denmark	
  Region	
  and	
  the	
  northern	
  part	
  of	
  the	
  Central	
  
Denmark	
  Region	
  (excluding	
  the	
  former	
  Vejle	
  county).135	
  This	
  
study	
  area	
  has	
  (as	
  of	
  2012)	
  1,611,864	
  inhabitants,	
  which	
  approx-­‐
imates	
  to	
  about	
  30%	
  of	
  the	
  Danish	
  population.135	
  The	
  accumulat-­‐
ed	
  population	
  in	
  study	
  II	
  (1999–2006)	
  was	
  1,849,745	
  and	
  in	
  study	
  
III	
  (1999–2008)	
  2,031,525	
  inhabitants.	
  For	
  study	
  IV,	
  we	
  used	
  the	
  
Danish	
  National	
  Database	
  of	
  Reimbursed	
  Prescriptions,	
  which	
  has	
  
nationwide	
  coverage	
  of	
  all	
  reimbursed	
  medications	
  since	
  January	
  
1,	
  2004.138	
  	
  

	
  
The	
  Civil	
  Registration	
  System	
  (studies	
  I–IV)	
  
The	
  Civil	
  Registration	
  System	
  is	
  an	
  administrative	
  registry,	
  which	
  
has	
  recorded	
  vital	
  statistics,	
  including	
  date	
  of	
  birth,	
  change	
  of	
  
address,	
  date	
  of	
  emigration,	
  and	
  exact	
  date	
  of	
  death,	
  for	
  the	
  
Danish	
  population	
  since	
  April	
  2,	
  1968.134	
  

	
  

The	
  Western	
  Denmark	
  Heart	
  Registry	
  (study	
  I)	
  
The	
  Western	
  Denmark	
  Heart	
  Registry	
  (WDHR)	
  has	
  collected	
  pa-­‐
tient	
  and	
  procedure	
  data	
  from	
  all	
  coronary	
  interventions	
  per-­‐
formed	
  in	
  Western	
  Denmark	
  since	
  January	
  1,	
  1999.136	
  Western	
  
Denmark	
  covers	
  a	
  population	
  of	
  3	
  million,	
  which	
  equals	
  55%	
  of	
  
the	
  total	
  Danish	
  population.136	
  During	
  our	
  study	
  period,	
  the	
  par-­‐
ticipating	
  cardiac	
  centers	
  were	
  high-­‐volume	
  centers	
  performing	
  
more	
  than	
  1,500	
  PCIs	
  per	
  year.136,144	
  Interventions	
  were	
  per-­‐
formed	
  according	
  to	
  current	
  standards,	
  with	
  the	
  interventional	
  
strategy	
  (including	
  balloon	
  angioplasty,	
  pre-­‐	
  or	
  post-­‐dilatation,	
  
choice	
  of	
  stent,	
  direct	
  stenting,	
  and	
  peri-­‐procedural	
  glycoprotein	
  
IIb/IIIa	
  inhibitor)	
  left	
  to	
  the	
  operator’s	
  discretion.144	
  
	
  
The	
  Danish	
  National	
  Patient	
  Registry	
  (studies	
  I–IV)	
  	
  
The	
  Danish	
  National	
  Patient	
  Registry	
  (DNPR)	
  records	
  information	
  
on	
  diagnoses	
  and	
  procedures	
  for	
  patients	
  discharged	
  from	
  all	
  
Danish	
  non-­‐psychiatric	
  hospitals	
  since	
  January	
  1,	
  1977.139	
  Psychi-­‐
atric	
  inpatient	
  admissions	
  and	
  all	
  somatic	
  and	
  psychiatric	
  emer-­‐
gency	
  room	
  and	
  outpatient	
  specialty	
  clinic	
  contacts	
  have	
  been	
  
included	
  since	
  1995.139	
  Each	
  hospital	
  discharge	
  or	
  outpatient	
  visit	
  
is	
  recorded	
  with	
  one	
  primary	
  diagnosis	
  and	
  one	
  or	
  more	
  optional	
  
secondary	
  diagnoses	
  classified	
  according	
  to	
  the	
  International	
  
Classification	
  of	
  Diseases,	
  8th	
  revision	
  until	
  the	
  end	
  of	
  1993	
  and	
  
the	
  10th	
  revision	
  thereafter.139	
  

	
  
The	
  National	
  Registry	
  of	
  Causes	
  of	
  Death	
  (study	
  I)	
  
The	
  National	
  Registry	
  of	
  Causes	
  of	
  Death	
  has	
  collected	
  data	
  on	
  
causes	
  of	
  death	
  in	
  Denmark	
  since	
  1943.140	
  

	
  
STUDY	
  DESIGNS	
  
Within	
  the	
  setting	
  of	
  the	
  Danish	
  population-­‐based	
  healthcare	
  
system,133,141	
  we	
  conducted	
  two	
  cohort	
  studies	
  (I	
  and	
  IV)	
  and	
  two	
  
case-­‐control	
  studies	
  (II	
  and	
  III)	
  (Table	
  2).145	
  
	
  
STUDY	
  POPULATIONS	
  AND	
  OUTCOMES	
  	
  
Cohort	
  studies	
  (studies	
  I	
  and	
  IV)	
  
The	
  cohort	
  in	
  study	
  I	
  was	
  defined	
  by	
  all	
  patients	
  with	
  a	
  first-­‐time	
  
coronary	
  stent	
  implantation	
  in	
  Western	
  Denmark	
  during	
  2002–
2005.	
  We	
  did	
  not	
  include	
  patients	
  treated	
  by	
  balloon	
  angioplasty	
  
without	
  stent	
  implantation.	
  In	
  study	
  IV,	
  we	
  used	
  the	
  DNPR	
  to	
  
identify	
  all	
  inpatient	
  primary	
  and	
  secondary	
  diagnoses	
  of	
  stroke	
  
during	
  2004–2012.	
  Patients	
  were	
  included	
  in	
  the	
  study	
  if	
  they	
  
received	
  a	
  hospital	
  diagnosis	
  of	
  stroke,	
  but	
  not	
  if	
  they	
  died	
  at	
  
home	
  without	
  being	
  hospitalized	
  (approximately	
  90%	
  of	
  all	
  stroke	
  
patients	
  are	
  hospitalized	
  in	
  Denmark).146	
  Unspecified	
  strokes,	
  
counting	
  up	
  to	
  40%	
  of	
  all	
  stroke	
  diagnoses	
  in	
  the	
  DNPR,	
  were	
  
classified	
  as	
  ischemic	
  strokes	
  because	
  more	
  than	
  two-­‐thirds	
  of	
  
these	
  were	
  reported	
  to	
  be	
  ischemic	
  insults.147	
  Restricting	
  to	
  inci-­‐
dent	
  strokes,	
  we	
  excluded	
  patients	
  diagnosed	
  with	
  stroke	
  or	
  
hemiplegia	
  (a	
  secondary	
  measure	
  of	
  previous	
  stroke)	
  in	
  the	
  DNPR	
  
before	
  our	
  study	
  period.124	
  The	
  study	
  periods	
  were	
  all	
  chosen	
  to	
  
ensure	
  at	
  least	
  6	
  months	
  of	
  prescription	
  history	
  for	
  all	
  study	
  par-­‐
ticipants	
  (Table	
  2).	
  
	
   The	
  outcome	
  measure	
  in	
  the	
  cohort	
  studies	
  was	
  time-­‐to-­‐
event.148	
  In	
  study	
  I,	
  we	
  defined	
  MACE	
  as	
  the	
  first	
  occurrence	
  of	
  
myocardial	
  infarction,	
  stent	
  thrombosis,	
  TLR,	
  or	
  cardiac	
  death.	
  
We	
  used	
  the	
  DNPR	
  to	
  identify	
  myocardial	
  infarction	
  admis-­‐
sions.139	
  Stent	
  thrombosis	
  and	
  TLR	
  were	
  identified	
  from	
  the	
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WDHR.136	
  A	
  committee	
  of	
  cardiac	
  specialists,	
  with	
  members	
  from	
  
each	
  of	
  the	
  participating	
  departments	
  of	
  cardiology	
  in	
  the	
  
WDHR,149	
  reviewed	
  the	
  medical	
  records	
  and	
  catheterization	
  
angiograms	
  to	
  adjudicate	
  the	
  occurrence	
  of	
  definite	
  stent	
  throm-­‐
bosis	
  as	
  defined	
  by	
  the	
  Academic	
  Research	
  Consortium:75	
  angio-­‐
graphic	
  confirmation	
  of	
  stent	
  thrombosis	
  and	
  at	
  least	
  one	
  of	
  the	
  
following	
  signs	
  present	
  within	
  48	
  hours:	
  new	
  onset	
  of	
  ischemic	
  
symptoms	
  at	
  rest,	
  new	
  electrocardiographic	
  changes	
  suggestive	
  
of	
  acute	
  ischemia,	
  or	
  typical	
  rise	
  and	
  fall	
  in	
  cardiac	
  biomarkers.	
  
We	
  defined	
  TLR	
  as	
  a	
  re-­‐PCI	
  or	
  coronary	
  artery	
  bypass	
  grafting	
  of	
  
the	
  index	
  lesion.144	
  The	
  same	
  committee	
  of	
  cardiac	
  specialists	
  
reviewed	
  the	
  original	
  paper	
  death	
  certificates	
  obtained	
  from	
  the	
  
National	
  Registry	
  of	
  Causes	
  of	
  Deaths,140	
  and	
  classified	
  death	
  
according	
  to	
  the	
  underlying	
  cause	
  as	
  cardiac	
  or	
  non-­‐cardiac	
  
death.	
  Cardiac	
  death	
  was	
  defined	
  as	
  an	
  evident	
  cardiac	
  death,	
  
PCI-­‐related	
  death,	
  unwitnessed	
  death,	
  or	
  death	
  from	
  unknown	
  
causes.75	
  The	
  outcome	
  in	
  the	
  stroke	
  cohort	
  (IV)	
  was	
  30-­‐day	
  all-­‐
cause	
  mortality,	
  which	
  we	
  obtained	
  from	
  the	
  Civil	
  Registration	
  
System.134	
  
	
  
Case-­‐control	
  studies	
  (studies	
  II	
  and	
  III)	
  
We	
  used	
  the	
  DNPR	
  to	
  identify	
  all	
  cases	
  in	
  Northern	
  Denmark	
  with	
  
a	
  first-­‐time	
  inpatient	
  or	
  outpatient	
  diagnosis	
  of	
  venous	
  thrombo-­‐
embolism	
  during	
  1999–2006	
  (II)	
  or	
  atrial	
  fibrillation	
  during	
  1999–
2008	
  (III).139	
  We	
  used	
  both	
  primary	
  and	
  secondary	
  diagnoses.139	
  
The	
  date	
  of	
  the	
  first	
  diagnosis	
  was	
  considered	
  the	
  index	
  date	
  for	
  
cases.	
  
	
   We	
  then	
  used	
  the	
  Civil	
  Registration	
  System	
  to	
  select	
  up	
  to	
  10	
  
general	
  population	
  controls	
  for	
  each	
  case,	
  matched	
  on	
  age	
  and	
  
sex.134	
  We	
  selected	
  controls	
  using	
  risk-­‐set	
  sampling,	
  i.e.,	
  controls	
  
had	
  to	
  be	
  alive	
  and	
  at	
  risk	
  for	
  a	
  first	
  venous	
  thromboembo-­‐
lism/atrial	
  fibrillation	
  on	
  the	
  index	
  date	
  of	
  the	
  case	
  to	
  whom	
  each	
  
was	
  matched	
  (Table	
  2).150	
  
	
  
NON-­‐ASPIRIN	
  NSAID	
  USE	
  
Prescription	
  and	
  over-­‐the-­‐counter	
  use	
  
We	
  used	
  the	
  prescription	
  registries	
  to	
  identify	
  prospectively	
  all	
  
NSAID	
  prescriptions	
  redeemed	
  by	
  the	
  study	
  populations.135,137,138	
  
Except	
  for	
  diclofenac	
  in	
  a	
  short	
  period	
  (July	
  16,	
  2007	
  to	
  December	
  
14,	
  2008),5	
  the	
  over-­‐the-­‐counter	
  non-­‐aspirin	
  NSAID	
  available	
  in	
  
Denmark	
  was	
  200	
  mg	
  tablets	
  of	
  ibuprofen	
  (since	
  27	
  March	
  
1989).151,152	
  Moreover,	
  over-­‐the-­‐counter	
  sales	
  of	
  ibuprofen	
  have	
  
over	
  time	
  been	
  restricted	
  to	
  persons	
  aged	
  ≥18	
  years	
  (since	
  
2011),153	
  a	
  maximum	
  of	
  one	
  package	
  per	
  person	
  per	
  day	
  (since	
  
2011),153	
  and	
  pack	
  sizes	
  containing	
  a	
  maximum	
  of	
  20	
  tablets	
  
(since	
  2013).154	
  	
  
	
   Over-­‐the-­‐counter	
  use	
  in	
  Denmark	
  is	
  far	
  less	
  common	
  than	
  in	
  
many	
  other	
  countries.5,56	
  As	
  a	
  consequence,	
  the	
  potential	
  for	
  
identifying	
  NSAID	
  use	
  from	
  prescription	
  registries	
  is	
  substantially	
  
higher.5	
  As	
  of	
  2012,	
  it	
  has	
  been	
  estimated	
  that	
  the	
  proportion	
  of	
  
total	
  sales	
  of	
  non-­‐aspirin	
  NSAIDs	
  dispensed	
  by	
  prescription	
  and	
  
thus	
  captured	
  in	
  the	
  Danish	
  prescription	
  registries	
  is	
  around	
  66%	
  
for	
  ibuprofen	
  and	
  100%	
  for	
  all	
  other	
  non-­‐aspirin	
  NSAIDs.5	
  

	
  
Classification	
  
We	
  identified	
  prescriptions	
  for	
  non-­‐aspirin	
  NSAIDs	
  and	
  classified	
  
them	
  according	
  to	
  their	
  COX-­‐selectivity	
  as	
  nonselective	
  NSAIDs	
  
(ibuprofen,	
  naproxen,	
  ketoprofen,	
  dexibuprofen,	
  piroxicam,	
  and	
  
tolfenamic	
  acid),	
  older	
  COX-­‐2	
  inhibitors	
  (diclofenac,	
  etodolac,	
  
nabumeton,	
  and	
  meloxicam),	
  and	
  coxibs	
  (celecoxib,	
  rofecoxib,	
  
and	
  etoricoxib)	
  (Figure	
  1).12	
  Of	
  note,	
  there	
  is	
  an	
  overlap	
  between	
  

the	
  older	
  COX-­‐2	
  inhibitors	
  and	
  coxibs	
  in	
  COX-­‐2	
  selectivity	
  when	
  
comparing	
  the	
  concentration	
  of	
  the	
  drugs	
  (IC50)	
  required	
  to	
  inhib-­‐
it	
  COX-­‐1	
  and	
  COX-­‐2	
  activity	
  by	
  50%.12	
  Thus,	
  the	
  COX-­‐1/COX-­‐2	
  IC50	
  
is	
  29	
  for	
  diclofenac	
  and	
  30	
  for	
  celecoxib.12	
  We	
  therefore	
  also	
  
included	
  an	
  overall	
  group	
  of	
  COX-­‐2	
  inhibitors	
  by	
  collapsing	
  the	
  
groups	
  of	
  older	
  COX-­‐2	
  inhibitors	
  and	
  coxibs	
  (Figure	
  1).12	
  In	
  all	
  
studies,	
  we	
  repeated	
  the	
  analyses	
  for	
  the	
  six	
  individual	
  non-­‐
aspirin	
  NSAIDs	
  most	
  frequently	
  prescribed,	
  which	
  were	
  ibuprofen,	
  
naproxen,	
  diclofenac,	
  etodolac,	
  celecoxib,	
  and	
  rofecoxib.	
  
	
  
User	
  categories	
  
We	
  identified	
  NSAID	
  use	
  both	
  from	
  preadmission	
  use	
  (II–IV)	
  and	
  
in	
  a	
  time-­‐varying	
  manner	
  throughout	
  follow-­‐up	
  (I).	
  We	
  assumed	
  a	
  
given	
  prescription	
  covered	
  a	
  maximum	
  of	
  60	
  days,	
  which	
  we	
  
defined	
  as	
  current	
  use,	
  after	
  which	
  the	
  participant	
  was	
  regarded	
  
as	
  former	
  user	
  unless	
  a	
  new	
  prescription	
  was	
  redeemed.	
  If	
  a	
  true	
  
effect	
  of	
  NSAID	
  use	
  exists,	
  we	
  would	
  expect	
  the	
  effect	
  to	
  be	
  
greater	
  among	
  current	
  users	
  than	
  among	
  former	
  users.	
  We	
  chose	
  
an	
  exposure	
  window	
  of	
  60	
  days	
  to	
  capture	
  most	
  current	
  users,	
  as	
  
NSAID	
  prescriptions	
  seldom	
  are	
  provided	
  for	
  more	
  than	
  60	
  days	
  
at	
  a	
  time	
  in	
  Denmark.18,151	
  Also,	
  sensitivity	
  analyses	
  of	
  different	
  
exposure	
  windows	
  conducted	
  in	
  relation	
  to	
  previous	
  studies	
  
suggested	
  that	
  a	
  60-­‐day	
  window	
  was	
  appropriate.155,156	
  We	
  de-­‐
fined	
  persons	
  with	
  no	
  filled	
  NSAID	
  prescriptions	
  within	
  six	
  (IV)	
  or	
  
12	
  months	
  (I–III)	
  before	
  their	
  index	
  date	
  as	
  non-­‐users	
  (reference	
  
group).	
  Some	
  side	
  effects	
  may	
  arise	
  shortly	
  after	
  therapy	
  initia-­‐
tion44,119	
  and	
  inclusion	
  of	
  long-­‐term	
  users,	
  who	
  are	
  more	
  likely	
  to	
  
tolerate	
  the	
  drug,	
  may	
  lead	
  to	
  underestimation	
  of	
  the	
  NSAID-­‐
associated	
  risks.157	
  We	
  therefore	
  divided	
  current	
  users	
  into	
  two	
  
groups:	
  new	
  users,	
  defined	
  by	
  having	
  filled	
  their	
  first-­‐ever	
  pre-­‐
scription	
  within	
  60	
  days	
  before	
  admission	
  date,	
  and	
  long-­‐term	
  
users,	
  defined	
  by	
  having	
  redeemed	
  their	
  first	
  prescription	
  more	
  
than	
  60	
  days	
  before	
  admission	
  date.	
  In	
  study	
  II	
  the	
  long-­‐term	
  user	
  
group	
  was	
  of	
  particular	
  interest	
  because	
  a	
  longer	
  period	
  of	
  use	
  
was	
  expected	
  to	
  eliminate	
  protopathic	
  bias,	
  i.e.,	
  the	
  association	
  
between	
  new	
  NSAID	
  use	
  and	
  prodromal	
  symptoms	
  related	
  to	
  an	
  
incipient	
  occurrence	
  of	
  venous	
  thromboembolism.158	
  
	
  
COVARIABLES	
  
To	
  characterize	
  the	
  study	
  populations,	
  adjust	
  for	
  confounding,	
  
and	
  examine	
  the	
  effect	
  in	
  subgroups	
  of	
  patients	
  (effect	
  measure	
  
modification),	
  we	
  obtained	
  information	
  on	
  demographic	
  data,134	
  
comorbidities	
  (including	
  the	
  Charlson	
  Comorbidity	
  Index159)	
  from	
  
inpatient	
  and	
  outpatient	
  medical	
  history,136,139	
  procedures,136,139	
  
and	
  comedication	
  use.135,137,138	
  When	
  possible,	
  we	
  combined	
  
prescription	
  and	
  discharge	
  data	
  to	
  increase	
  sensitivity	
  of	
  covaria-­‐
bles	
  such	
  as	
  diabetes	
  and	
  chronic	
  pulmonary	
  disease.	
  	
  
	
  
STATISTICAL	
  ANALYSIS	
  
The	
  statistical	
  analyses	
  are	
  summarized	
  below	
  and	
  in	
  Table	
  2.	
  The	
  
full	
  descriptions	
  of	
  the	
  statistical	
  analyses	
  for	
  each	
  study	
  are	
  
provided	
  in	
  Appendices	
  I–IV.	
  	
  
	
   For	
  all	
  studies,	
  we	
  initially	
  created	
  contingency	
  tables	
  for	
  the	
  
main	
  study	
  variables.160	
  In	
  the	
  time-­‐to-­‐event	
  analyses,	
  we	
  fol-­‐
lowed	
  all	
  patients	
  until	
  date	
  of	
  a	
  non-­‐fatal	
  outcome,	
  death,	
  emi-­‐
gration,	
  or	
  end	
  of	
  follow-­‐up,	
  whichever	
  came	
  first.	
  We	
  used	
  Cox	
  
proportional	
  hazards	
  regression,	
  with	
  time	
  since	
  cohort	
  entry	
  as	
  
the	
  underlying	
  time	
  scale,	
  to	
  calculate	
  HRs	
  as	
  a	
  measure	
  of	
  the	
  
incidence	
  rate	
  ratio	
  (IRR).	
  We	
  used	
  log-­‐log	
  plots	
  to	
  test	
  the	
  pro-­‐
portional	
  hazards	
  assumption	
  graphically.	
  We	
  used	
  logistic	
  re-­‐
gression	
  for	
  the	
  case-­‐control	
  analyses.161	
  Because	
  we	
  used	
  risk-­‐
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set	
  sampling	
  of	
  controls,	
  the	
  odds	
  ratio	
  (OR)	
  estimates	
  the	
  IRR.150	
  
We	
  calculated	
  95%	
  CIs	
  for	
  all	
  estimates,	
  i.e.,	
  upon	
  repeated	
  sam-­‐
pling,	
  95%	
  of	
  the	
  intervals	
  constructed	
  in	
  the	
  same	
  way	
  would	
  be	
  
expected	
  to	
  cover	
  the	
  true	
  parameter	
  assuming	
  no	
  bias	
  and	
  no	
  
prior	
  knowledge.162	
  
	
   We	
  used	
  different	
  strategies	
  to	
  control	
  for	
  confounding	
  
depending	
  on	
  the	
  individual	
  study	
  design	
  (Table	
  2).	
  In	
  the	
  design	
  
phase,	
  we	
  used	
  restriction	
  (I–IV)	
  and	
  propensity	
  score	
  matching	
  
(IV).163,164	
  Calculating	
  the	
  propensity	
  score,	
  i.e.,	
  the	
  conditional	
  
probability	
  of	
  non-­‐aspirin	
  NSAID	
  use	
  given	
  all	
  covariables,165	
  we	
  
included	
  potential	
  confounders	
  and	
  risk	
  factors	
  in	
  a	
  logistic	
  re-­‐
gression,	
  but	
  not	
  factors	
  associated	
  exclusively	
  with	
  NSAID	
  
use.163,166	
  Using	
  a	
  greedy	
  matching	
  algorithm,167	
  we	
  matched	
  
each	
  NSAID	
  user	
  with	
  the	
  non-­‐user	
  with	
  the	
  closest	
  propensity	
  
score.167	
  The	
  propensity	
  score	
  matching	
  was	
  performed	
  without	
  
replacement,	
  within	
  a	
  maximum	
  matching	
  range	
  (caliper	
  width)	
  in	
  
propensity	
  score	
  of	
  ±0.025,	
  and	
  separately	
  for	
  each	
  class	
  and	
  
individual	
  type	
  of	
  NSAID.167	
  Of	
  note,	
  we	
  did	
  not	
  propensity	
  score	
  
match	
  controls	
  to	
  cases	
  in	
  studies	
  II	
  and	
  III	
  because	
  the	
  control	
  
groups	
  in	
  these	
  case–control	
  studies	
  were	
  intended	
  to	
  resemble	
  
the	
  population	
  denominator	
  that	
  gives	
  rise	
  to	
  the	
  cases,	
  rather	
  
than	
  the	
  cases.168,169	
  
	
   In	
  the	
  analyses	
  phase,	
  we	
  used	
  multivariable	
  adjustment	
  (I–
IV)	
  and	
  stratification	
  (I–IV).	
  Generally,	
  we	
  compared	
  the	
  crude	
  (I	
  
and	
  IV)/age-­‐	
  and	
  gender-­‐matched	
  estimates	
  (II–III)	
  with	
  the	
  ad-­‐
justed	
  estimates	
  to	
  evaluate	
  the	
  magnitude	
  of	
  confounding	
  from	
  
the	
  measured	
  covariables.	
  Confounder	
  selection	
  was	
  based	
  on	
  a	
  
clinical	
  evaluation	
  of	
  the	
  expected	
  association	
  with	
  both	
  NSAID	
  
use	
  and	
  the	
  outcomes.170	
  In	
  general,	
  established	
  risk	
  factors	
  that	
  
were	
  prevalent	
  in	
  the	
  study	
  population	
  were	
  considered	
  potential	
  
confounders.	
  Also,	
  potential	
  risk	
  factors	
  with	
  an	
  expected	
  strong	
  
association	
  to	
  NSAID	
  use	
  were	
  also	
  included	
  as	
  potential	
  con-­‐
founders	
  when	
  relevant.	
  We	
  stratified	
  on	
  clinically	
  relevant	
  sub-­‐
groups	
  of	
  patients,	
  including	
  covariables	
  that	
  could	
  potentially	
  
indicate	
  underlying	
  mechanisms	
  for	
  an	
  association	
  (e.g.,	
  chronic	
  
kidney	
  disease	
  in	
  study	
  III).171	
  Finally,	
  we	
  estimated	
  by	
  means	
  of	
  a	
  
rule-­‐out	
  approach	
  how	
  strongly	
  a	
  single	
  unmeasured	
  binary	
  con-­‐
founder	
  would	
  need	
  to	
  be	
  associated	
  with	
  NSAID	
  use	
  and	
  the	
  
outcome	
  to	
  fully	
  explain	
  our	
  findings	
  (II–III).172	
  
	
   We	
  performed	
  a	
  range	
  of	
  sensitivity	
  analyses	
  to	
  examine	
  the	
  
extent	
  to	
  which	
  our	
  results	
  were	
  sensitive	
  to	
  changes	
  in	
  methods,	
  
analysis	
  assumptions,	
  or	
  values	
  of	
  unmeasured	
  variables	
  (Table	
  
2).173	
  To	
  examine	
  the	
  effect	
  of	
  different	
  exposure	
  definitions,	
  we	
  
repeated	
  the	
  analyses	
  for	
  exposure	
  windows	
  below	
  and	
  above	
  60	
  
days	
  (I,	
  II,	
  and	
  IV).	
  We	
  evaluated	
  clinically	
  relevant	
  heterogeneity	
  
between	
  drugs,	
  by	
  comparing	
  the	
  risks	
  for	
  individual	
  NSAIDs	
  with	
  
ibuprofen	
  as	
  referent	
  exposure	
  (II–III).	
  Because	
  all	
  patients	
  had	
  a	
  
need	
  for	
  pain	
  relief,	
  this	
  comparison	
  likely	
  reduced	
  confounding	
  
by	
  indication.	
  We	
  used	
  the	
  tablet	
  dose	
  from	
  the	
  last	
  redeemed	
  
prescription	
  as	
  a	
  proxy	
  for	
  total	
  daily	
  dose	
  and	
  examined	
  the	
  
impact	
  associated	
  with	
  low	
  and	
  high	
  tablet	
  dose	
  (II–III).	
  In	
  study	
  
III,	
  we	
  furthermore	
  restricted	
  to	
  primary	
  hospital	
  diagnoses	
  
(thereby	
  detecting	
  potential	
  diagnostic	
  surveillance	
  bias),	
  to	
  
patients	
  without	
  previous	
  use	
  of	
  digoxin	
  or	
  a	
  vitamin	
  K	
  antagonist	
  
(thereby	
  excluding	
  patients	
  previously	
  treated	
  by	
  their	
  general	
  
practitioner	
  with	
  no	
  previous	
  hospitalization),	
  to	
  patients	
  who	
  
underwent	
  cardioversion	
  within	
  one	
  year	
  after	
  the	
  index	
  date	
  
(thereby	
  relating	
  NSAID	
  use	
  to	
  disease	
  severity),	
  and	
  to	
  patients	
  
without	
  inflammatory	
  conditions	
  (thereby	
  reducing	
  confounding	
  
from	
  systemic	
  inflammation).	
  
	
  

RESULTS	
  
The	
  main	
  findings	
  are	
  summarized	
  in	
  the	
  following	
  sections.	
  	
  

	
  
NON-­‐ASPIRIN	
  NSAID	
  USE	
  AND	
  STENT-­‐RELATED	
  OUTCOMES	
  
(STUDY	
  I)	
  
Independent	
  of	
  COX-­‐2	
  selectivity,	
  current	
  use	
  of	
  non-­‐aspirin	
  
NSAIDs	
  was	
  not	
  associated	
  with	
  an	
  increased	
  rate	
  of	
  the	
  compo-­‐
site	
  outcome	
  of	
  MACE	
  (Table	
  3).	
  Specifically,	
  the	
  adjusted	
  IRR	
  for	
  
MACE	
  was	
  1.04	
  (95%	
  CI:	
  0.83–1.31)	
  for	
  current	
  use	
  of	
  nonselec-­‐
tive	
  NSAIDs	
  and	
  1.00	
  (95%	
  CI:	
  0.81–1.25)	
  for	
  current	
  use	
  of	
  COX-­‐2	
  
inhibitors	
  compared	
  with	
  no	
  use.	
  Supporting	
  the	
  composite	
  null	
  
result,	
  there	
  was	
  also	
  no	
  substantial	
  association	
  with	
  myocardial	
  
infarction,	
  stent	
  thrombosis,	
  TLR,	
  or	
  cardiac	
  death	
  different	
  from	
  
that	
  seen	
  among	
  former	
  users.	
  Thus,	
  although	
  small	
  increased	
  
IRRs	
  were	
  observed	
  for	
  current	
  use	
  of	
  nonselective	
  NSAIDs	
  for	
  
myocardial	
  infarction	
  and	
  for	
  current	
  use	
  of	
  nonselective	
  NSAIDs	
  
and	
  COX-­‐2	
  inhibitors	
  for	
  cardiac	
  death,	
  these	
  IRRs	
  did	
  not	
  vary	
  
substantially	
  from	
  the	
  IRRs	
  observed	
  for	
  former	
  users,	
  suggesting	
  
that	
  confounding	
  by	
  the	
  underlying	
  condition	
  leading	
  to	
  NSAID	
  
use	
  rather	
  than	
  a	
  true	
  drug	
  effect	
  influenced	
  these	
  outcomes.	
  The	
  
adjusted	
  IRR	
  for	
  non-­‐cardiac	
  death	
  was	
  1.82	
  (95%	
  CI:	
  1.29–2.55)	
  
for	
  current	
  use	
  and	
  1.36	
  (95%	
  CI:	
  1.04–1.78)	
  for	
  former	
  use	
  of	
  
nonselective	
  NSAIDs,	
  and	
  1.91	
  (95%	
  CI:	
  1.40–2.61)	
  for	
  current	
  use	
  
and	
  1.51	
  (95%	
  CI:	
  1.17–1.97)	
  for	
  former	
  use	
  of	
  COX-­‐2	
  inhibitors.	
  
The	
  results	
  for	
  stent	
  thrombosis	
  were	
  inconclusive	
  due	
  to	
  few	
  
events.	
  	
  
	
  
NON-­‐ASPIRIN	
  NSAID	
  USE	
  AND	
  VENOUS	
  THROMBOEMBOLISM	
  
RISK	
  (STUDY	
  II)	
  
Use	
  of	
  non-­‐aspirin	
  NSAIDs	
  was	
  associated	
  with	
  an	
  increased	
  risk	
  
of	
  venous	
  thromboembolism	
  (Table	
  4).	
  The	
  adjusted	
  IRR	
  of	
  ve-­‐
nous	
  thromboembolism	
  associated	
  with	
  nonselective	
  NSAIDs	
  was	
  
2.51	
  (95%	
  CI:	
  2.29–2.76)	
  for	
  current	
  use,	
  4.56	
  (95%	
  CI:	
  3.85–5.40)	
  
for	
  new	
  use,	
  and	
  2.06	
  (95%	
  CI:	
  1.85–2.29)	
  for	
  long-­‐term	
  use.	
  The	
  
adjusted	
  IRR	
  of	
  venous	
  thromboembolism	
  associated	
  with	
  COX-­‐2	
  
inhibitors	
  was	
  2.19	
  (95%	
  CI:	
  1.99–2.41)	
  for	
  current	
  use,	
  3.23	
  (95%	
  
CI:	
  2.69–3.89)	
  for	
  new	
  use,	
  and	
  1.92	
  (95%	
  CI:	
  1.72–2.15)	
  for	
  long-­‐
term	
  use.	
  Former	
  use	
  of	
  nonselective	
  NSAIDs	
  (1.44,	
  95%	
  CI:	
  1.33–
1.56)	
  and	
  COX-­‐2	
  inhibitors	
  (1.41,	
  95%	
  CI:	
  1.30–1.54)	
  were	
  also	
  
moderately	
  associated	
  with	
  an	
  increased	
  venous	
  thromboembo-­‐
lism	
  risk.	
  Because	
  the	
  new	
  user	
  estimates	
  may	
  be	
  influenced	
  by	
  
protopathic	
  bias,	
  the	
  two-­‐fold	
  increased	
  risk	
  of	
  venous	
  thrombo-­‐
embolism	
  associated	
  with	
  long-­‐term	
  use	
  likely	
  provided	
  the	
  most	
  
valid	
  estimate	
  of	
  the	
  association.	
  Still,	
  the	
  sensitivity	
  analysis	
  of	
  
different	
  exposure	
  windows	
  indicated	
  that	
  our	
  estimates	
  might	
  
be	
  underestimates	
  of	
  the	
  true	
  risk	
  associated	
  with	
  NSAID	
  use	
  
because	
  NSAIDs	
  often	
  are	
  prescribed	
  for	
  less	
  than	
  60	
  days	
  in	
  
Denmark	
  (eTable	
  3	
  in	
  Appendix	
  II).	
  	
  
	
   Supporting	
  the	
  robustness	
  of	
  our	
  results,	
  similarly	
  increased	
  
risks	
  were	
  found	
  for	
  unprovoked	
  venous	
  thromboembolism,	
  deep	
  
vein	
  thrombosis,	
  pulmonary	
  embolism,	
  individual	
  NSAIDs,	
  and	
  
low-­‐dose	
  and	
  high-­‐dose	
  tablets	
  (Tables	
  2–4	
  in	
  Appendix	
  II).	
  Final-­‐
ly,	
  we	
  estimated	
  that	
  an	
  unmeasured	
  confounder	
  that	
  is	
  highly	
  
prevalent	
  (30%)	
  and	
  four	
  times	
  more	
  frequent	
  among	
  users	
  of	
  
COX-­‐2	
  inhibitors	
  than	
  non-­‐users	
  would	
  need	
  to	
  increase	
  the	
  risk	
  
of	
  venous	
  thromboembolism	
  by	
  a	
  factor	
  of	
  17	
  or	
  more	
  to	
  explain	
  
our	
  findings	
  fully,	
  if	
  no	
  increased	
  risk	
  actually	
  existed	
  (Figure	
  6).	
  
Even	
  stronger	
  confounders	
  would	
  be	
  needed	
  to	
  explain	
  the	
  find-­‐
ings	
  for	
  current	
  use	
  of	
  nonselective	
  NSAIDs	
  or	
  new	
  use	
  of	
  either	
  
subclass.	
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Table	
  3.	
  Non-­‐aspirin	
  NSAID	
  use	
  and	
  major	
  adverse	
  cardiovascular	
  events	
  after	
  coronary	
  stent	
  implantation	
  

	
   Nonselective	
  NSAIDs	
   COX-­‐2	
  inhibitors	
  
	
   Rate*	
   Unadjusted	
  IRR	
   Adjusted	
  IRR†	
   Rate*	
   Unadjusted	
  IRR	
   Adjusted	
  IRR†	
  
MACE	
   	
   	
   	
   	
   	
   	
  
No	
  use	
   65	
   1	
   1	
   64	
   1	
   1	
  
Former	
  use	
   47	
   1.08	
  (0.91–1.30)	
   1.13	
  (0.94–1.35)	
   52	
   1.17	
  (0.98–1.41)	
   1.11	
  (0.93–1.33)	
  
Current	
  use	
   61	
   0.99	
  (0.79–1.25)	
   1.04	
  (0.83–1.31)	
   70	
   1.09	
  (0.88–1.35)	
   1.00	
  (0.81–1.25)	
  
Myocardial	
  infarction	
   	
   	
   	
   	
   	
   	
  
No	
  use	
   19	
   1	
   1	
   19	
   1	
   1	
  
Former	
  use	
   20	
   1.19	
  (0.92–1.55)	
   1.22	
  (0.94–1.59)	
   20	
   1.17	
  (0.88–1.55)	
   1.07	
  (0.81–1.43)	
  
Current	
  use	
   23	
   1.24	
  (0.87–1.77)	
   1.30	
  (0.91–1.85)	
   17	
   0.89	
  (0.59–1.35)	
   0.80	
  (0.53–1.22)	
  
Stent	
  thrombosis	
   	
   	
   	
   	
   	
   	
  
No	
  use	
   4.3	
   1	
   1	
   4.2	
   1	
   1	
  
Former	
  use	
   2.5	
   0.85	
  (0.34–2.13)	
   0.84	
  (0.33–2.09)	
   3.3	
   1.26	
  (0.54–2.92)	
   1.28	
  (0.55–2.96)	
  
Current	
  use	
   2.8	
   1.06	
  (0.47–2.39)	
   1.04	
  (0.46–2.36)	
   2.2	
   0.84	
  (0.34–2.06)	
   0.84	
  (0.34–2.07)	
  
TLR	
   	
   	
   	
   	
   	
   	
  
No	
  use	
   33	
   1	
   1	
   32	
   1	
   1	
  
Former	
  use	
   21	
   1.99	
  (0.76–1.27)	
   0.97	
  (0.76–1.26)	
   25	
   1.10	
  (0.85–1.42)	
   1.05	
  (0.82–1.36)	
  
Current	
  use	
   31	
   0.98	
  (0.72–1.35)	
   0.97	
  (0.71–1.34)	
   34	
   0.98	
  (0.72–1.34)	
   0.91	
  (0.67–1.25)	
  
Cardiac	
  death	
   	
   	
   	
   	
   	
   	
  
No	
  use	
   18	
   1	
   1	
   18	
   1	
   1	
  
Former	
  use	
   9.4	
   1.01	
  (0.70–1.46)	
   1.18	
  (0.81–1.71)	
   12	
   1.35	
  (0.95–1.92)	
   1.33	
  (0.93–1.89)	
  
Current	
  use	
   20	
   1.10	
  (0.74–1.63)	
   1.24	
  (0.84–1.84)	
   28	
   1.52	
  (1.08–2.13)	
   1.40	
  (1.00–1.97)	
  
Non-­‐cardiac	
  death	
   	
   	
   	
   	
   	
   	
  
No	
  use	
   15	
   1	
   1	
   15	
   1	
   1	
  
Former	
  use	
   19	
   1.26	
  (0.96–1.65)	
   1.36	
  (1.04–1.78)	
   24	
   1.72	
  (1.32–2.22)	
   1.51	
  (1.17–1.97)	
  
Current	
  use	
   25	
   1.62	
  (1.16–2.28)	
   1.82	
  (1.29–2.55)	
   32	
   2.21	
  (1.62–3.01)	
   1.91	
  (1.40–2.61)	
  
Abbreviations:	
  MACE=major	
  adverse	
  cardiovascular	
  event	
  (i.e.,	
  myocardial	
  infarction,	
  stent	
  thrombosis,	
  TLR,	
  or	
  cardiac	
  death);	
  TLR=target	
  lesion	
  revascularization.	
  
*Rate	
  per	
  1,000	
  person	
  years.	
  
†Adjusted	
  for	
  covariables	
  listed	
  in	
  Table	
  2	
  using	
  Cox	
  proportional	
  hazards	
  regression.	
  
	
  
	
  
Table	
  4.	
  Non-­‐aspirin	
  NSAID	
  use	
  and	
  venous	
  thromboembolism	
  risk	
  	
  

	
   Incidence	
  rate	
  ratio	
  for	
  composite	
  venous	
  thromboembolism	
  	
  

	
   No.	
  of	
  cases	
  /	
  No.	
  of	
  controls	
   Unadjusted*	
   Adjusted†	
  

No	
  use	
   5,483	
  /	
  66,311	
   1	
  (reference)	
   1	
  (reference)	
  

Nonselective	
  NSAIDs	
   	
   	
   	
  
Current	
  use	
   794	
  /	
  2,971	
   3.24	
  (2.98–3.52)	
   2.51	
  (2.29–2.76)	
  

New	
  use	
   257	
  /	
  543	
   5.78	
  (4.97–6.72)	
   4.56	
  (3.85–5.40)	
  
Long-­‐term	
  use	
   537	
  /	
  2,428	
   2.68	
  (2.43–2.95)	
   2.06	
  (1.85–2.29)	
  

Former	
  use	
   904	
  /	
  6,282	
   1.75	
  (1.63–1.89)	
   1.44	
  (1.33–1.56)	
  
COX-­‐2	
  inhibitors	
   	
   	
   	
  
Current	
  use	
   709	
  /	
  2,760	
   3.10	
  (2.84–3.38)	
   2.19	
  (1.99–2.41)	
  

New	
  use	
   198	
  /	
  546	
   4.40	
  (3.73–5.19)	
   3.23	
  (2.69–3.89)	
  
Long-­‐term	
  use	
   511	
  /	
  2,214	
   2.77	
  (2.50–3.06)	
   1.92	
  (1.72–2.15)	
  

Former	
  use	
   806	
  /	
  5,092	
   1.91	
  (1.76–2.07)	
   1.41	
  (1.30–1.54)	
  
*Adjusted	
  for	
  the	
  matching	
  factors	
  of	
  age	
  and	
  gender.	
  
†Adjusted	
  for	
  covariables	
  listed	
  in	
  Table	
  2	
  using	
  unconditional	
  logistic	
  regression.	
  
	
  
	
  

Table	
  5.	
  Non-­‐aspirin	
  NSAID	
  use	
  and	
  atrial	
  fibrillation	
  risk	
  

	
  
No.	
  of	
  cases/controls	
  

Incidence	
  rate	
  ratio	
  	
  
	
   Unadjusted*	
   Adjusted†	
  

No	
  use	
   24,593/260,139	
   1.00	
  (reference)	
   1.00	
  (reference)	
  

Nonselective	
  NSAIDs	
   	
   	
   	
  
Current	
  use	
   1,385/10,985	
   1.33	
  (1.26–1.41)	
   1.17	
  (1.10–1.24)	
  

New	
  use	
   529/3,488	
   1.59	
  (1.44–1.75)	
   1.46	
  (1.33–1.62)	
  
Long-­‐term	
  use	
   985/8,433	
   1.23	
  (1.14–1.32)	
   1.05	
  (0.98–1.13)	
  

Former	
  use	
   2,315/20,453	
   1.20	
  (1.14–1.25)	
   1.09	
  (1.04–1.14)	
  
COX-­‐2	
  inhibitors	
   	
   	
   	
  
Current	
  use	
   1,540/10,886	
   1.50	
  (1.42–1.59)	
   1.27	
  (1.20–1.34)	
  

Older	
  COX-­‐2	
  inhibitors	
   977/6,981	
   1.49	
  (1.39–1.60)	
   1.31	
  (1.22–1.40)	
  
Coxibs	
   448/3,119	
   1.51	
  (1.37–1.67)	
   1.20	
  (1.09–1.33)	
  

New	
  use	
   658/3,689	
   1.93	
  (1.76–2.11)	
   1.71	
  (1.56–1.88)	
  
Long-­‐term	
  use	
   1,139/8,801	
   1.33	
  (1.24–1.43)	
   1.10	
  (1.03–1.18)	
  

Former	
  use	
   2,078/18,634	
   1.18	
  (1.13–1.24)	
   1.04	
  (0.99–1.09)	
  
Older	
  COX-­‐2	
  inhibitors	
   1,396/12,892	
   1.11	
  (1.05–1.17)	
   1.01	
  (0.96–1.07)	
  
Coxibs	
   596/5,152	
   1.23	
  (1.13–1.35)	
   1.02	
  (0.94–1.12)	
  

Combination‡	
   79/468	
   1.79	
  (1.41–2.27)	
   1.47	
  (1.15–1.87)	
  

*Age-­‐	
  and	
  gender-­‐matched.	
  
†Adjusted	
  for	
  covariables	
  listed	
  in	
  Table	
  2	
  using	
  conditional	
  logistic	
  regression.	
  
‡Current	
  use	
  of	
  both	
  nonselective	
  NSAIDs	
  and	
  COX-­‐2	
  inhibitors.	
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Figure	
  6.	
  Required	
  strength	
  of	
  an	
  unmeasured	
  confounder	
  
	
  

	
  
	
  
Sensitivity	
  analysis	
  illustrating	
  how	
  strongly	
  an	
  unmeasured	
  confounder	
  would	
  need	
  
to	
  be	
  associated	
  with	
  non-­‐aspirin	
  NSAID	
  use	
  and	
  venous	
  thromboembolism	
  to	
  fully	
  
explain	
  our	
  estimates.	
  We	
  assumed	
  that	
  the	
  prevalence	
  of	
  the	
  confounder	
  was	
  as	
  
common	
  as	
  smoking	
  (30%	
  of	
  the	
  population)	
  and	
  that	
  10%	
  of	
  the	
  population	
  used	
  
NSAIDs.	
  The	
  graphs	
  depict	
  the	
  adjusted	
  incidence	
  rate	
  ratio	
  (IRR)	
  for	
  composite	
  
venous	
  thromboembolism	
  associated	
  with	
  current	
  use	
  of	
  COX-­‐2	
  inhibitors	
  (solid	
  line)	
  
along	
  with	
  the	
  lower	
  limit	
  of	
  the	
  95%	
  confidence	
  interval	
  (dashed	
  line).	
  
	
  
NON-­‐ASPIRIN	
  NSAID	
  USE	
  AND	
  ATRIAL	
  FIBRILLATION	
  RISK	
  
(STUDY	
  III)	
  
We	
  found	
  that	
  current	
  use	
  of	
  non-­‐aspirin	
  NSAIDs	
  was	
  associated	
  
with	
  an	
  increased	
  risk	
  of	
  atrial	
  fibrillation.	
  Compared	
  with	
  non-­‐
users,	
  the	
  adjusted	
  IRR	
  was	
  1.17	
  (95%	
  CI:	
  1.10–1.24)	
  for	
  nonselec-­‐
tive	
  NSAIDs	
  and	
  1.27	
  (95%	
  CI:	
  1.20–1.34)	
  for	
  COX-­‐2	
  inhibitors	
  
(Table	
  5).	
  Older	
  COX-­‐2	
  inhibitors	
  and	
  coxibs	
  had	
  similar	
  effect	
  
estimates.	
  The	
  association	
  was	
  strongest	
  for	
  new	
  users	
  with	
  a	
  40–
70%	
  relative	
  risk	
  increase,	
  lowest	
  for	
  nonselective	
  NSAIDs	
  (ad-­‐
justed	
  IRR=1.46,	
  95%	
  CI:	
  1.33–1.62)	
  and	
  highest	
  for	
  COX-­‐2	
  inhibi-­‐
tors	
  (1.71,	
  95%	
  CI:	
  1.56–1.88).	
  The	
  IRR	
  was	
  highest	
  in	
  the	
  elderly	
  
and	
  among	
  patients	
  with	
  chronic	
  kidney	
  disease	
  or	
  rheumatoid	
  
arthritis	
  (Figure	
  7).	
  The	
  results	
  were	
  robust	
  when	
  restricting	
  to	
  
patients	
  without	
  systemic	
  inflammatory	
  conditions	
  (Figure	
  7).	
  
Consistently	
  increased	
  risks	
  were	
  observed	
  for	
  both	
  high-­‐dose	
  
and	
  low-­‐dose	
  tablets	
  of	
  all	
  individual	
  NSAIDs,	
  but	
  for	
  ibuprofen,	
  
naproxen,	
  and	
  diclofenac	
  the	
  effect	
  was	
  greater	
  for	
  high-­‐dose	
  
than	
  low-­‐dose	
  tablets.	
  In	
  the	
  direct	
  drug	
  comparison	
  (eTable	
  3	
  in	
  
Appendix	
  3),	
  no	
  NSAID	
  had	
  lower	
  associated	
  risk	
  than	
  ibuprofen,	
  
and	
  diclofenac	
  in	
  particular	
  conferred	
  higher	
  risk	
  (1.19,	
  95%	
  CI:	
  
1.00–1.40	
  for	
  new	
  use).	
  
	
  
	
  
	
  
	
  
	
  

Figure	
  7.	
  Adjusted	
  incidence	
  rate	
  ratios	
  associating	
  use	
  of	
  non-­‐aspirin	
  
NSAIDs	
  and	
  atrial	
  fibrillation	
  risk	
  in	
  patient	
  subgroups	
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Table	
  6.	
  Preadmission	
  use	
  of	
  non-­‐aspirin	
  NSAIDs	
  and	
  30-­‐day	
  mortality	
  estimates	
  following	
  ischemic	
  stroke.	
  

	
   30-­‐day	
  	
  
mortality	
  risk	
  

	
  

30-­‐day	
  mortality	
  rate	
  ratio	
  

	
   Unadjusted	
   Multivariable-­‐adjusted*	
   Propensity	
  score	
  matched†	
  

No	
  use	
  of	
  any	
  NSAIDs	
   10.9	
  (10.6–11.1)	
   1	
  (reference)	
   1	
  (reference)	
   1	
  (reference)	
  
Any	
  NSAIDs	
  (current	
  use)	
   11.1	
  (10.5–11.8)	
   1.03	
  (0.96–1.10)	
   1.02	
  (0.96–1.09)	
   1.03	
  (0.94–1.12)	
  

New	
  use	
   11.4	
  (10.3–12.5)	
   1.05	
  (0.95–1.16)	
   1.11	
  (1.00–1.23)	
   1.15	
  (0.99–1.34)	
  
Long-­‐term	
  use	
   11.0	
  (10.2–11.8)	
   1.01	
  (0.93–1.10)	
   0.97	
  (0.90–1.06)	
   1.00	
  (0.89–1.11)	
  

Nonselective	
  NSAIDs	
  (current	
  use)	
   10.8	
  (9.9–11.7)	
   0.99	
  (0.90–1.09)	
   1.06	
  (0.97–1.17)	
   1.11	
  (0.97–1.26)	
  
New	
  use	
   10.4	
  (9.1–11.7)	
   0.95	
  (0.83–1.09)	
   1.06	
  (0.93–1.21)	
   1.06	
  (0.90–1.25)	
  
Long-­‐term	
  use	
   11.1	
  (9.9–12.5)	
   1.02	
  (0.91–1.16)	
   1.07	
  (0.94–1.21)	
   1.15	
  (0.98–1.33)	
  

COX-­‐2	
  inhibitors	
  (current	
  use)	
   12.7	
  (11.5–13.9)	
   1.18	
  (1.06–1.30)	
   1.14	
  (1.03–1.27)	
   1.16	
  (1.01–1.34)	
  
New	
  use	
   14.0	
  (12.2–16.0)	
   1.30	
  (1.12–1.51)	
   1.31	
  (1.13–1.52)	
   1.28	
  (1.07–1.54)	
  
Long-­‐term	
  use	
   11.8	
  (10.4–13.3)	
   1.09	
  (0.96–1.25)	
   1.04	
  (0.91–1.19)	
   1.08	
  (0.91–1.28)	
  

Older	
  COX-­‐2	
  inhibitors	
  (current	
  use)	
   12.6	
  (11.5–13.8)	
   1.17	
  (1.06–1.30)	
   1.16	
  (1.04–1.28)	
   1.18	
  (1.02–1.37)	
  
New	
  use	
   13.8	
  (12.0–15.9)	
   1.29	
  (1.11–1.50)	
   1.30	
  (1.12–1.52)	
   1.30	
  (1.08–1.56)	
  
Long-­‐term	
  use	
   11.8	
  (10.4–13.3)	
   1.09	
  (0.95–1.25)	
   1.06	
  (0.93–1.22)	
   1.10	
  (0.93–1.31)	
  

Coxibs	
  (current	
  use)	
   13.5	
  (8.5–21.0)	
   1.25	
  (0.76–2.04)	
   0.87	
  (0.53–1.42)	
   1.06	
  (0.53–2.15)	
  
New	
  use	
   22.9	
  (12.2–40.5)	
   2.27	
  (1.14–4.54)	
   1.48	
  (0.74–2.96)	
   1.93	
  (0.82–4.53)	
  
Long-­‐term	
  use	
   9.5	
  (4.9–18.1)	
   0.86	
  (0.43–1.72)	
   0.61	
  (0.31–1.23)	
   0.73	
  (0.31–1.72)	
  

	
  
NON-­‐ASPIRIN	
  NSAID	
  USE	
  AND	
  STROKE	
  MORTALITY	
  
(STUDY	
  IV)	
  
We	
  identified	
  100,043	
  patients	
  with	
  first-­‐time	
  hospitalization	
  for	
  
stroke,	
  among	
  whom	
  83,736	
  (84%)	
  had	
  ischemic	
  stroke,	
  11,779	
  
(12%)	
  had	
  intracerebral	
  hemorrhage,	
  and	
  4,528	
  (5%)	
  had	
  sub-­‐
arachnoid	
  hemorrhage.	
  A	
  total	
  of	
  10.8%	
  were	
  current	
  NSAID	
  
users,	
  8.4%	
  were	
  former	
  users,	
  and	
  80.8%	
  were	
  non-­‐users.	
  
Among	
  the	
  current	
  NSAID	
  users,	
  51.4%	
  used	
  ibuprofen,	
  3.2%	
  used	
  
naproxen,	
  27.0%	
  used	
  diclofenac,	
  10.7%	
  used	
  etodolac,	
  1.0%	
  
used	
  celecoxib,	
  and	
  0.5%	
  used	
  rofecoxib.	
  	
  
	
   We	
  found	
  that	
  preadmission	
  use	
  of	
  COX-­‐2	
  inhibitors	
  was	
  
associated	
  with	
  increased	
  30-­‐day	
  mortality	
  following	
  ischemic	
  
stroke,	
  but	
  not	
  hemorrhagic	
  stroke.	
  Thus,	
  the	
  30-­‐day	
  MRR	
  for	
  
ischemic	
  stroke	
  was	
  1.14	
  (95%	
  CI:	
  1.03–1.27)	
  for	
  current	
  users	
  of	
  
COX-­‐2	
  inhibitors,	
  driven	
  by	
  the	
  effect	
  among	
  new	
  users	
  (1.31,	
  
95%	
  CI:	
  1.13–1.52).	
  	
  
	
   The	
  propensity	
  score	
  matching	
  was	
  successful	
  (100%	
  for	
  
ischemic	
  stroke,	
  99.9%	
  for	
  intracerebral	
  hemorrhage,	
  and	
  99.2%	
  
for	
  subarachnoid	
  hemorrhage)	
  resulting	
  in	
  equal	
  distribution	
  of	
  
characteristics	
  among	
  NSAID	
  users	
  and	
  non-­‐users	
  (eTable	
  3	
  in	
  
Appendix	
  IV).	
  The	
  propensity	
  score	
  matched	
  analysis	
  yielded	
  
similar	
  results	
  to	
  the	
  multivariable-­‐adjusted	
  analysis	
  for	
  the	
  asso-­‐
ciation	
  between	
  COX-­‐2	
  inhibitors	
  and	
  ischemic	
  stroke,	
  with	
  a	
  30-­‐
day	
  MRR	
  for	
  ischemic	
  stroke	
  of	
  1.16	
  (95%	
  CI:	
  1.01–1.34)	
  among	
  
current	
  users	
  and	
  1.28	
  (95%	
  CI:	
  1.07–1.54)	
  among	
  new	
  users.	
  The	
  
results	
  were	
  robust	
  in	
  numerous	
  subgroups	
  of	
  patients	
  and	
  not	
  
sensitive	
  to	
  changes	
  in	
  the	
  exposure	
  window	
  for	
  NSAIDs	
  (Table	
  e7	
  
in	
  Appendix	
  IV).	
  	
  
	
   Comparing	
  initiation	
  of	
  different	
  types	
  of	
  COX-­‐2	
  inhibitors,	
  
the	
  increased	
  MRR	
  was	
  driven	
  by	
  older	
  COX-­‐2	
  inhibitors	
  (1.30,	
  
95%	
  CI:	
  1.12–1.52),	
  being	
  1.51	
  (95%	
  CI:	
  1.16–1.98)	
  for	
  etodolac	
  
and	
  1.21	
  (95%	
  CI:	
  1.01–1.45)	
  for	
  diclofenac	
  (Table	
  3	
  in	
  Appendix	
  
IV).	
  We	
  observed	
  no	
  association	
  between	
  former	
  use	
  of	
  COX-­‐2	
  
inhibitors	
  and	
  ischemic	
  stroke	
  mortality.	
  Use	
  of	
  non-­‐selective	
  
NSAIDs	
  was	
  not	
  associated	
  with	
  30-­‐day	
  mortality	
  following	
  is-­‐
chemic	
  stroke.	
  	
  

	
  
DISCUSSION	
  
MAIN	
  CONCLUSIONS	
  
We	
  found	
  that	
  use	
  of	
  non-­‐aspirin	
  NSAIDs	
  was	
  not	
  associated	
  with	
  
MACE	
  following	
  coronary	
  stent	
  implantation.	
  However,	
  non-­‐
aspirin	
  NSAIDs	
  use	
  was	
  associated	
  with	
  an	
  increased	
  risk	
  of	
  ve-­‐
nous	
  thromboembolism,	
  atrial	
  fibrillation,	
  and	
  30-­‐day	
  mortality	
  
following	
  ischemic	
  stroke,	
  in	
  particular	
  when	
  therapy	
  with	
  selec-­‐
tive	
  COX-­‐2	
  inhibitors	
  was	
  initiated.	
  

	
  
COMPARISON	
  WITH	
  EXISTING	
  LITERATURE	
  	
  
In	
  the	
  following	
  subsections,	
  we	
  will	
  provide	
  an	
  updated	
  discus-­‐
sion	
  of	
  our	
  findings	
  taking	
  both	
  the	
  literature	
  published	
  at	
  the	
  
time	
  of	
  and	
  after	
  publication	
  into	
  consideration	
  (Table	
  1).	
  	
  

	
  
Non-­‐aspirin	
  NSAID	
  use	
  and	
  stent-­‐related	
  outcomes	
  (study	
  I)	
  
No	
  previous	
  study	
  has	
  examined	
  the	
  cardiovascular	
  risks,	
  includ-­‐
ing	
  stent	
  thrombosis	
  and	
  TLR,	
  associated	
  with	
  non-­‐aspirin	
  NSAID	
  
use	
  in	
  a	
  large	
  cohort	
  of	
  stent	
  patients.	
  An	
  earlier	
  Danish	
  study	
  of	
  
58,432	
  patients	
  with	
  first-­‐time	
  myocardial	
  infarction	
  reported	
  an	
  
increased	
  risk	
  of	
  re-­‐hospitalization	
  for	
  myocardial	
  infarction	
  and	
  
all-­‐cause	
  mortality	
  for	
  any	
  use	
  of	
  ibuprofen,	
  diclofenac,	
  celecoxib,	
  
and	
  rofecoxib.46	
  The	
  study,	
  however,	
  did	
  not	
  restrict	
  to	
  stent	
  
patients	
  or	
  include	
  data	
  on	
  stent-­‐related	
  outcomes.46	
  Also,	
  
naproxen	
  was	
  not	
  studied	
  separately.46	
  A	
  multisite	
  cohort	
  study	
  
included	
  48,566	
  patients	
  from	
  the	
  US,	
  Canada,	
  and	
  the	
  UK	
  with	
  
myocardial	
  infarction,	
  coronary	
  revascularization	
  (PCI	
  or	
  coronary	
  
artery	
  bypass	
  grafting),	
  or	
  unstable	
  angina.54	
  In	
  this	
  study,	
  
naproxen	
  users	
  had	
  a	
  lower	
  rate	
  of	
  adverse	
  cardiovascular	
  events	
  
than	
  users	
  of	
  ibuprofen,	
  diclofenac,	
  and	
  higher	
  doses	
  of	
  celecoxib	
  
and	
  rofecoxib.54	
  In	
  the	
  subgroup	
  of	
  patients	
  with	
  coronary	
  revas-­‐
cularization	
  with	
  or	
  without	
  stent	
  implantation,	
  only	
  rofecoxib	
  
showed	
  an	
  increased	
  risk	
  of	
  the	
  combined	
  outcome	
  of	
  myocardial	
  
infarction	
  and	
  out-­‐of-­‐hospital	
  death	
  from	
  ischemic	
  heart	
  disease,	
  
whereas	
  there	
  was	
  no	
  association	
  for	
  naproxen,	
  ibuprofen,	
  diclo-­‐
fenac,	
  and	
  celecoxib.54	
  Assessing	
  the	
  efficacy	
  of	
  celecoxib	
  in	
  re-­‐
ducing	
  neointimal	
  hyperplasia	
  after	
  coronary	
  stent	
  implantation,	
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the	
  randomized	
  COREA-­‐TAXUS	
  trial	
  followed	
  274	
  patients	
  after	
  
paclitaxel-­‐eluting	
  stent	
  implantation.53,55	
  Both	
  the	
  six-­‐month55	
  
and	
  two-­‐year53	
  outcomes	
  from	
  this	
  trial	
  suggested	
  that	
  the	
  ad-­‐
junctive	
  use	
  of	
  celecoxib	
  for	
  six	
  months	
  after	
  stent	
  implantation	
  in	
  
patients	
  with	
  ischemic	
  heart	
  disease	
  was	
  safe	
  (no	
  increased	
  risk	
  of	
  
MACE)	
  and	
  actually	
  reduced	
  the	
  risk	
  of	
  TLR.53,55	
  Similar	
  results	
  
have	
  recently	
  been	
  reported	
  at	
  six	
  months	
  in	
  the	
  Mini-­‐COREA	
  
trial,	
  which	
  included	
  909	
  patients	
  and	
  a	
  three-­‐month	
  treatment	
  
period	
  with	
  celecoxib,	
  but	
  otherwise	
  had	
  similar	
  design	
  and	
  aim	
  
as	
  the	
  COREA-­‐TAXUS	
  trial.51	
  	
  
	
   As	
  NSAIDs	
  are	
  prescribed	
  to	
  alleviate	
  pain	
  from	
  non-­‐cardiac	
  
diseases,	
  our	
  finding	
  that	
  several	
  of	
  the	
  drugs	
  were	
  associated	
  
with	
  non-­‐cardiac	
  mortality	
  to	
  a	
  higher	
  extent	
  than	
  cardiac	
  mortal-­‐
ity	
  was	
  expected	
  and	
  supports	
  that	
  all-­‐cause	
  mortality	
  associated	
  
with	
  NSAID	
  use	
  is	
  likely	
  to	
  be	
  highly	
  influenced	
  by	
  non-­‐cardiac	
  
deaths.	
  This	
  finding	
  is	
  important	
  because	
  many	
  studies	
  have	
  not	
  
been	
  able	
  to	
  distinguish	
  cardiac	
  from	
  non-­‐cardiac	
  mortality.	
  	
  
	
   The	
  mechanisms	
  underlying	
  our	
  null	
  results	
  are	
  not	
  entirely	
  
clear	
  considering	
  the	
  previously	
  reported	
  cardiovascular	
  risks	
  of	
  
particularly	
  COX-­‐2	
  inhibitors.41,46,80	
  As	
  an	
  explanation,	
  the	
  potent	
  
platelet	
  inhibition	
  of	
  post-­‐intervention	
  dual	
  antiplatelet	
  therapy	
  
with	
  both	
  clopidogrel	
  and	
  aspirin	
  may	
  have	
  negated	
  any	
  excess	
  
thrombotic	
  risk	
  of	
  non-­‐aspirin	
  NSAIDs.	
  In	
  support	
  of	
  this	
  hypothe-­‐
sis,	
  a	
  previous	
  study	
  found	
  that	
  an	
  almost	
  two-­‐fold	
  (188%)	
  in-­‐
creased	
  shear	
  stress-­‐induced	
  platelet	
  aggregation	
  due	
  to	
  selective	
  
COX-­‐2	
  inhibition	
  in	
  the	
  presence	
  of	
  an	
  arterial	
  stenosis	
  was	
  neu-­‐
tralized	
  by	
  low-­‐dose	
  (1	
  mg/kg)	
  clopidogrel.174	
  	
  
	
   In	
  summary,	
  among	
  the	
  few	
  studies	
  conducted	
  additionally	
  
to	
  ours	
  in	
  patients	
  with	
  coronary	
  stent	
  implantation,	
  two	
  random-­‐
ized	
  trials	
  and	
  one	
  non-­‐randomized	
  cohort	
  study	
  support	
  that	
  use	
  
of	
  diclofenac	
  and	
  celecoxib	
  is	
  not	
  associated	
  with	
  excess	
  cardio-­‐
vascular	
  risks	
  in	
  this	
  patient	
  subgroup.	
   	
  

	
  
Non-­‐aspirin	
  NSAID	
  use	
  and	
  venous	
  thromboembolism	
  risk	
  (study	
  
II)	
  
In	
  addition	
  to	
  the	
  VIGOR	
  trial	
  results,35	
  which	
  indicated	
  a	
  five-­‐fold	
  
higher	
  rate	
  of	
  venous	
  thromboembolism	
  among	
  rofecoxib	
  users	
  
than	
  naproxen	
  users,11,63,65	
  several	
  other	
  reports	
  have	
  provided	
  
evidence	
  of	
  an	
  association	
  between	
  COX-­‐2	
  inhibition	
  and	
  venous	
  
thromboembolism.	
  In	
  three	
  case	
  reports,	
  FitzGerald61	
  and	
  oth-­‐
ers62,66	
  have	
  linked	
  use	
  of	
  celecoxib62,66	
  and	
  valdecoxib61	
  to	
  the	
  
occurrence	
  of	
  deep	
  vein	
  thrombosis62	
  and	
  pulmonary	
  embo-­‐
lism.61,66	
  An	
  enhanced	
  prothrombotic	
  effect	
  of	
  rofecoxib	
  has	
  also	
  
been	
  reported	
  in	
  a	
  murine	
  venous	
  thrombosis	
  model.59	
  A	
  UK	
  
case-­‐control	
  study	
  using	
  1992–1998	
  data	
  from	
  the	
  General	
  Prac-­‐
tice	
  Research	
  Database	
  found	
  a	
  five-­‐fold	
  or	
  more	
  increased	
  odds	
  
of	
  venous	
  thromboembolism	
  associated	
  with	
  use	
  of	
  mefenamic	
  
acid	
  among	
  women	
  aged	
  15–49	
  previously	
  diagnosed	
  with	
  men-­‐
orrhagia	
  (OR=5.54,	
  95%	
  CI:	
  2.13–14.40).57	
  In	
  contrast,	
  a	
  case-­‐
control	
  study	
  including	
  402	
  cases	
  of	
  unprovoked	
  first-­‐time	
  venous	
  
thromboembolic	
  events	
  found	
  no	
  association	
  with	
  NSAID	
  use	
  
overall	
  (OR=0.93,	
  95%	
  CI:	
  0.44–1.98).58	
  

	
   Investigating	
  multiple	
  risk	
  factors	
  for	
  venous	
  thromboembo-­‐
lism,	
  two	
  previous	
  studies	
  included	
  use	
  of	
  traditional	
  NSAIDs.60,64	
  
Use	
  of	
  traditional	
  NSAIDs	
  was	
  reported	
  not	
  to	
  be	
  associated	
  with	
  
venous	
  thromboembolism	
  after	
  confounder	
  adjustment	
  in	
  a	
  
cohort	
  study	
  from	
  the	
  US	
  (estimates	
  not	
  provided).64	
  A	
  UK	
  case-­‐
control	
  study	
  of	
  6,550	
  patients	
  found	
  an	
  adjusted	
  OR	
  for	
  venous	
  
thromboembolism	
  associated	
  with	
  current	
  use	
  of	
  traditional	
  
NSAIDs	
  of	
  1.86	
  (95%	
  CI:	
  1.65–2.10).60	
  Similar	
  to	
  our	
  results,	
  the	
  
risk	
  increase	
  was	
  observed	
  for	
  both	
  deep	
  vein	
  thrombosis	
  and	
  

pulmonary	
  embolism	
  and	
  also	
  persisted	
  for	
  long-­‐term	
  users.60	
  As	
  
an	
  exception,	
  authors	
  reported	
  that	
  use	
  longer	
  than	
  one	
  month	
  
was	
  not	
  associated	
  with	
  an	
  effect	
  in	
  patients	
  with	
  osteoarthritis.60	
  
Similar	
  to	
  the	
  US	
  study,64	
  the	
  estimate	
  for	
  the	
  null	
  association	
  
was,	
  however,	
  not	
  provided	
  and	
  therefore	
  it	
  remains	
  unclear	
  
whether	
  the	
  null	
  finding	
  was	
  based	
  solely	
  on	
  statistical	
  signifi-­‐
cance,	
  which	
  would	
  be	
  influenced	
  by	
  the	
  smaller	
  sample	
  size	
  
relative	
  to	
  our	
  study.60	
  No	
  other	
  subgroups	
  of	
  patients	
  were	
  
examined	
  in	
  these	
  two	
  studies.60,64	
  We	
  found	
  a	
  consistent	
  associ-­‐
ation	
  for	
  long-­‐term	
  use	
  of	
  all	
  classes	
  of	
  non-­‐aspirin	
  NSAIDs	
  and	
  
among	
  patients	
  with	
  diseases	
  of	
  the	
  musculoskeletal	
  system	
  or	
  
connective	
  tissue,	
  including	
  osteoarthritis.	
  

	
   Following	
  our	
  study,	
  two	
  other	
  studies	
  have	
  reported	
  data	
  in	
  
support	
  of	
  an	
  association.19	
  A	
  case-­‐control	
  study	
  from	
  the	
  Nether-­‐
lands	
  found	
  that	
  long-­‐term	
  NSAID	
  use	
  was	
  associated	
  with	
  more	
  
than	
  a	
  two-­‐fold	
  increased	
  risk	
  of	
  pulmonary	
  embolism.19	
  The	
  risk	
  
was	
  highest	
  for	
  diclofenac	
  with	
  an	
  overall	
  OR	
  of	
  3.85	
  (95%	
  CI:	
  
3.09–4.81),	
  increasing	
  to	
  6.64	
  (95%	
  CI:	
  3.56–12.4)	
  for	
  daily	
  doses	
  
>150	
  mg.19	
  The	
  study	
  also	
  indicated	
  that	
  the	
  association	
  in	
  part	
  
may	
  be	
  explained	
  by	
  confounding	
  from	
  underlying	
  medical	
  condi-­‐
tions	
  for	
  which	
  these	
  drugs	
  were	
  prescribed,	
  because	
  painkillers	
  
not	
  related	
  to	
  a	
  prothrombotic	
  state	
  (acetaminophen	
  and	
  tra-­‐
madol)	
  also	
  were	
  associated	
  with	
  risk	
  of	
  pulmonary	
  embolism.19	
  
Finally,	
  a	
  Swedish	
  nationwide	
  case-­‐control	
  study	
  found	
  that	
  users	
  
of	
  high	
  cumulative	
  doses	
  of	
  acetic	
  acid	
  derivatives	
  and	
  coxibs	
  had	
  
the	
  highest	
  risks	
  of	
  venous	
  thromboembolism,	
  which	
  indicates	
  a	
  
correlation	
  with	
  COX-­‐2	
  selectivity	
  and	
  dose.56	
  
	
   In	
  summary,	
  case	
  reports,	
  animal	
  experimental	
  studies,	
  one	
  
randomized	
  control	
  trial,	
  and	
  several	
  case-­‐control	
  studies,	
  includ-­‐
ing	
  ours,	
  provide	
  evidence	
  of	
  an	
  association	
  between	
  use	
  of	
  COX-­‐
2	
  inhibitors	
  and	
  venous	
  thromboembolism.	
  Larger	
  randomized	
  
trials	
  are	
  needed	
  to	
  establish	
  whether	
  the	
  association	
  is	
  causal.	
  

	
  
Non-­‐aspirin	
  NSAID	
  use	
  and	
  atrial	
  fibrillation	
  risk	
  (study	
  III)	
  
We	
  found	
  an	
  increased	
  risk	
  of	
  atrial	
  fibrillation	
  associated	
  with	
  
use	
  of	
  non-­‐aspirin	
  NSAIDs.	
  Notably,	
  COX-­‐2	
  inhibitors,	
  in	
  particular	
  
diclofenac,	
  were	
  associated	
  with	
  higher	
  risks	
  than	
  nonselective	
  
NSAIDs,	
  indicating	
  a	
  potential	
  important	
  pharmacological	
  role	
  of	
  
COX-­‐2	
  inhibition.12	
  The	
  increased	
  risk	
  among	
  new	
  users	
  may	
  in	
  
part	
  be	
  attributable	
  to	
  direct	
  proarrhythmic	
  effects	
  that	
  render	
  
the	
  patient	
  more	
  susceptible	
  to	
  atrial	
  fibrillation	
  as	
  previously	
  
described.	
  The	
  adverse	
  renal	
  effects	
  of	
  NSAIDs	
  (e.g.,	
  fluid	
  reten-­‐
tion,	
  electrolyte	
  disturbances,	
  and	
  blood	
  pressure	
  destabiliza-­‐
tion)28,118	
  may	
  also	
  be	
  a	
  contributing	
  factor	
  as	
  indicated	
  by	
  the	
  
finding	
  that	
  patients	
  with	
  chronic	
  kidney	
  disease	
  had	
  a	
  markedly	
  
higher	
  risk	
  when	
  initiating	
  therapy	
  with	
  COX-­‐2	
  inhibitors.28,118	
  

	
   A	
  UK	
  case-­‐control	
  study	
  of	
  patients	
  diagnosed	
  in	
  1996	
  with	
  
chronic	
  (n=1,035)	
  or	
  paroxysmal	
  atrial	
  fibrillation	
  (n=525)	
  found	
  
that	
  current	
  use	
  of	
  traditional	
  NSAIDs	
  (nonselective	
  NSAIDs	
  or	
  
older	
  COX-­‐2	
  inhibitors)	
  was	
  associated	
  with	
  an	
  increased	
  risk	
  of	
  
chronic	
  atrial	
  fibrillation	
  (OR=1.44,	
  95%	
  CI:	
  1.08–1.91)	
  and	
  mod-­‐
estly	
  associated	
  with	
  paroxysmal	
  atrial	
  fibrillation	
  (OR=1.18,	
  95%	
  
CI:	
  0.85–1.66),	
  i.e.,	
  with	
  magnitude	
  of	
  the	
  association	
  similar	
  to	
  
our	
  results.70	
  In	
  contrast	
  to	
  our	
  results,	
  long-­‐term	
  NSAID	
  use	
  (>1	
  
year)	
  was	
  associated	
  with	
  the	
  largest	
  risk	
  increase	
  (OR=1.80,	
  95%	
  
CI:	
  1.20–2.72).70	
  A	
  meta-­‐analysis,	
  involving	
  116,094	
  patients	
  using	
  
coxibs,	
  identified	
  6,394	
  composite	
  renal	
  outcome	
  events,	
  but	
  only	
  
286	
  composite	
  arrhythmia	
  outcome	
  events,	
  of	
  which	
  ventricular	
  
fibrillation,	
  cardiac	
  arrest,	
  and	
  sudden	
  cardiac	
  death	
  accounted	
  
for	
  most.71	
  Although	
  rofecoxib	
  was	
  associated	
  with	
  an	
  increased	
  
relative	
  risk	
  for	
  the	
  composite	
  arrhythmia	
  outcome	
  (2.90,	
  95%	
  CI:	
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1.07–7.88),	
  the	
  small	
  number	
  and	
  types	
  of	
  arrhythmias	
  available	
  
for	
  analysis	
  did	
  not	
  allow	
  for	
  an	
  examination	
  of	
  atrial	
  fibrillation	
  
risk.71	
  
	
   Following	
  our	
  study,	
  three	
  other	
  studies	
  have	
  provided	
  data	
  
that	
  support	
  our	
  findings.	
  First,	
  a	
  population-­‐based	
  cohort	
  study	
  
from	
  Sweden	
  found	
  an	
  increased	
  risk	
  of	
  atrial	
  fibrillation	
  associat-­‐
ed	
  with	
  use	
  of	
  both	
  traditional	
  NSAIDs	
  (HR=1.11,	
  95%	
  CI:	
  1.09–
1.13)	
  and	
  coxibs	
  (HR=1.16,	
  1.05–1.29).69	
  In	
  this	
  study,	
  coxibs	
  
included	
  either	
  celecoxib	
  or	
  the	
  more	
  COX-­‐2	
  selective	
  etoricox-­‐
ib.69	
  Supporting	
  our	
  finding	
  of	
  an	
  effect	
  that	
  is	
  higher	
  the	
  more	
  
COX-­‐2	
  selective,	
  the	
  risk	
  increase	
  was	
  related	
  to	
  etoricoxib	
  (1.35,	
  
95%	
  CI:	
  1.19–1.54),	
  but	
  not	
  celecoxib	
  (0.94,	
  0.79–1.11).69	
  A	
  na-­‐
tionwide	
  case-­‐control	
  study	
  from	
  Taiwan	
  found	
  that	
  any	
  NSAID	
  
use	
  was	
  associated	
  with	
  an	
  increased	
  risk	
  of	
  atrial	
  fibrillation	
  
(OR=1.14,	
  95%	
  CI:	
  1.06–1.23),	
  especially	
  among	
  new	
  users	
  
(OR=1.65,	
  95%	
  CI:	
  1.38–1.97)	
  and	
  patients	
  with	
  heart	
  failure	
  
(OR=1.92,	
  95%	
  CI:	
  1.49–2.48).68	
  Use	
  of	
  coxibs	
  was	
  associated	
  with	
  
an	
  OR	
  for	
  atrial	
  fibrillation	
  of	
  1.20	
  (95%	
  CI:	
  0.95–1.28),	
  increasing	
  
to	
  1.66	
  (95%	
  CI:	
  1.14–2.41)	
  among	
  patients	
  with	
  chronic	
  kidney	
  
disease	
  and	
  1.71	
  (95%	
  CI:	
  1.20–2.42)	
  among	
  patients	
  with	
  chronic	
  
pulmonary	
  disease.68	
  Finally,	
  a	
  cohort	
  study	
  using	
  data	
  from	
  the	
  
Rotterdam	
  Study	
  also	
  associated	
  current	
  NSAID	
  use	
  with	
  an	
  in-­‐
creased	
  risk	
  of	
  atrial	
  fibrillation	
  (HR=1.76,	
  95%	
  CI:	
  1.07–2.88).67	
  
	
   In	
  summary,	
  an	
  increasing	
  body	
  of	
  evidence	
  stemming	
  from	
  
case-­‐control	
  and	
  cohort	
  studies	
  supports	
  our	
  finding	
  of	
  an	
  associ-­‐
ation	
  between	
  non-­‐aspirin	
  NSAID	
  use	
  and	
  atrial	
  fibrillation,	
  in	
  
particular	
  for	
  use	
  of	
  COX-­‐2	
  inhibitors.	
  	
  

	
  
Non-­‐aspirin	
  NSAID	
  use	
  and	
  stroke	
  mortality	
  (study	
  IV)	
  
The	
  cohort	
  study	
  of	
  functional	
  outcome	
  following	
  ischemic	
  stroke	
  
was	
  conducted	
  within	
  the	
  Women's	
  Healthy	
  Study	
  among	
  39,860	
  
female	
  health	
  professionals	
  aged	
  ≥45	
  years	
  without	
  previous	
  
cardiovascular	
  disease.72	
  Functional	
  outcome	
  was	
  defined	
  by	
  the	
  
modified	
  Rankin	
  Scale	
  (mRS)	
  score	
  based	
  on	
  the	
  degree	
  of	
  im-­‐
pairment	
  experienced	
  by	
  the	
  patient	
  at	
  hospital	
  discharge.72	
  
Compared	
  with	
  non-­‐users,	
  NSAID	
  users	
  had	
  an	
  adjusted	
  HR	
  of	
  
1.00	
  (95%	
  CI:	
  0.77–1.29)	
  for	
  transient	
  ischemic	
  attacks,	
  1.48	
  (95%	
  
CI:	
  1.04–2.10)	
  for	
  stroke	
  with	
  mRS=0–1,	
  0.83	
  (95%	
  CI:	
  0.52–1.33)	
  
for	
  mRS=2–3,	
  and	
  1.33	
  (95%	
  CI:	
  0.68–2.59)	
  for	
  mRS=4–6.72	
  Be-­‐
cause	
  the	
  women	
  were	
  not	
  using	
  NSAIDs	
  at	
  time	
  of	
  enrollment	
  in	
  
the	
  study,	
  the	
  estimates	
  pertain	
  to	
  a	
  new	
  user	
  effect.72	
  However,	
  
the	
  study	
  was	
  limited	
  by	
  self-­‐reported	
  NSAID	
  use	
  and	
  lack	
  of	
  data	
  
on	
  individual	
  NSAIDs.72	
  Any	
  harmful	
  effect	
  of	
  individual	
  NSAIDs	
  
(e.g.,	
  diclofenac)	
  may	
  therefore	
  have	
  been	
  attenuated	
  by	
  group-­‐
ing	
  it	
  with	
  less	
  harmful	
  (non-­‐selective)	
  NSAIDs.72	
  Finally,	
  it	
  should	
  
be	
  noted	
  that	
  we	
  studied	
  the	
  prognostic	
  effect	
  of	
  NSAID	
  use	
  
initiated	
  before,	
  not	
  after,	
  stroke	
  admission.	
  Consequently,	
  our	
  
results	
  do	
  not	
  necessarily	
  contradict	
  reports	
  suggesting	
  a	
  role	
  for	
  
COX-­‐2	
  inhibitors	
  in	
  treating	
  post-­‐ischemic	
  oxidative	
  stress	
  and	
  
inflammation.175	
  
	
   In	
  summary,	
  no	
  previous	
  study	
  has	
  provided	
  data	
  on	
  the	
  
association	
  between	
  preadmission	
  use	
  of	
  non-­‐aspirin	
  NSAIDs	
  and	
  
30-­‐day	
  stroke	
  mortality.	
  The	
  increased	
  mortality	
  rate	
  associated	
  
with	
  COX-­‐2	
  inhibition	
  in	
  our	
  study	
  for	
  ischemic	
  stroke	
  was	
  ob-­‐
served	
  only	
  among	
  current	
  users,	
  which	
  could	
  indicate	
  a	
  drug	
  
effect	
  of	
  COX-­‐2	
  inhibitors	
  through	
  any	
  of	
  the	
  pathways	
  previously	
  
described.	
  
	
  
	
  
	
  
	
  

METHODOLOGICAL	
  CONSIDERATIONS	
  	
  
Internal	
  validity	
  
All	
  four	
  studies	
  in	
  this	
  dissertation	
  were	
  designed	
  as	
  etiological	
  
studies	
  with	
  the	
  aim	
  to	
  examine	
  whether	
  non-­‐aspirin	
  NSAID	
  use	
  
was	
  causally	
  related	
  to	
  the	
  study	
  outcomes.176	
  However,	
  before	
  
inferring	
  causal	
  relationships,	
  the	
  internal	
  validity	
  of	
  each	
  study	
  
must	
  be	
  evaluated	
  to	
  assess	
  the	
  potential	
  risk	
  of	
  random	
  and	
  
systematic	
  errors	
  that	
  may	
  have	
  affected	
  the	
  estimates	
  of	
  associ-­‐
ation.177	
  By	
  random	
  error	
  (or	
  chance),	
  we	
  refer	
  to	
  the	
  precision	
  of	
  
the	
  estimates.162	
  By	
  systematic	
  errors,	
  we	
  refer	
  to	
  selection	
  bias,	
  
information	
  bias,	
  and	
  confounding.177	
  Selection	
  and	
  information	
  
biases	
  are	
  systemic	
  errors	
  arising	
  from	
  the	
  study	
  design	
  and	
  
therefore	
  cannot	
  be	
  corrected	
  for	
  by	
  statistical	
  analyses.177	
  In	
  
contrast,	
  confounding	
  can	
  be	
  controlled	
  for	
  by	
  both	
  design	
  (ran-­‐
domization,	
  restriction,	
  and	
  matching)	
  and	
  statistical	
  analyses	
  
(standardization,	
  stratification,	
  and	
  adjustment).177	
  Below	
  we	
  
discuss	
  in	
  more	
  detail	
  the	
  internal	
  validity	
  of	
  each	
  study.	
  
	
  
Precision	
  
The	
  precision	
  of	
  the	
  associations	
  was	
  evaluated	
  using	
  95%	
  CIs.162	
  
To	
  avoid	
  the	
  persistent	
  misconception	
  that	
  significance	
  testing,	
  
expressed	
  by	
  comparison	
  of	
  p-­‐values,	
  is	
  important	
  for	
  the	
  inter-­‐
pretation	
  of	
  data,	
  we	
  interpreted	
  the	
  CIs	
  as	
  quantitative	
  
measures	
  indicating	
  the	
  magnitude	
  of	
  effect	
  and	
  degree	
  of	
  preci-­‐
sion,	
  rather	
  than	
  as	
  surrogate	
  significance	
  tests.168	
  
	
   The	
  large	
  number	
  of	
  outcomes	
  and	
  cases	
  in	
  our	
  studies	
  
yielded	
  statistically	
  precise	
  estimates	
  for	
  the	
  primary	
  analyses,	
  
which	
  are	
  therefore	
  unlikely	
  to	
  have	
  occurred	
  by	
  chance.162	
  The	
  
precision	
  was	
  also	
  high	
  in	
  most	
  subgroup	
  analyses,	
  including	
  
analyses	
  for	
  individual	
  NSAIDs	
  and	
  outcomes.	
  As	
  an	
  exception,	
  we	
  
cannot	
  rule	
  out	
  small	
  risks	
  associated	
  with	
  use	
  of	
  individual	
  
NSAIDs	
  and	
  the	
  individual	
  components	
  of	
  MACE	
  in	
  study	
  I,	
  be-­‐
cause	
  the	
  CIs	
  for	
  these	
  estimates	
  were	
  wider.	
  As	
  the	
  absolute	
  risk	
  
of	
  some	
  outcomes	
  was	
  expected	
  to	
  be	
  low73,74	
  and	
  there	
  was	
  no	
  
natural	
  single	
  outcome	
  of	
  interest,	
  the	
  primary	
  outcome	
  in	
  study	
  I	
  
(MACE)	
  was	
  a	
  composite	
  of	
  several	
  adverse	
  outcomes.	
  Aiming	
  to	
  
increase	
  statistical	
  efficiency,178	
  MACE	
  had	
  also	
  been	
  used	
  as	
  
composite	
  outcome	
  in	
  previous	
  and	
  subsequent	
  studies	
  on	
  the	
  
topic.51,53,54	
  Also,	
  MACE	
  is	
  often	
  used	
  in	
  clinical	
  trials	
  to	
  reduce	
  the	
  
required	
  sample	
  size	
  and	
  the	
  cost	
  of	
  a	
  trial	
  by	
  increasing	
  the	
  
event	
  rate	
  in	
  the	
  control	
  group.179	
  The	
  trade-­‐off	
  inherent	
  in	
  MACE	
  
is	
  that	
  the	
  increased	
  precision	
  of	
  the	
  effect	
  estimates	
  comes	
  at	
  
the	
  expense	
  of	
  greater	
  uncertainty	
  in	
  interpretation	
  of	
  the	
  re-­‐
sult.180	
  It	
  is	
  recommended	
  in	
  general	
  that	
  composite	
  outcomes	
  
include	
  components	
  that	
  are	
  similar	
  in	
  severity,	
  frequency	
  (in	
  
particular	
  among	
  the	
  more	
  and	
  less	
  severe	
  components),	
  and	
  
treatment	
  effect	
  (no	
  substantial	
  variability	
  across	
  components).180	
  
In	
  practice,	
  these	
  criteria	
  can	
  rarely	
  all	
  be	
  met178	
  and	
  our	
  study	
  I	
  
was	
  no	
  exception	
  as,	
  e.g.,	
  TLR	
  was	
  a	
  less	
  severe,	
  but	
  more	
  fre-­‐
quent	
  complication	
  than	
  stent	
  thrombosis,	
  myocardial	
  infarction,	
  
and	
  cardiac	
  death.	
  Composite	
  outcomes	
  are	
  particularly	
  problem-­‐
atic	
  when	
  only	
  one	
  component	
  of	
  the	
  composite	
  outcome	
  is	
  
affected	
  or	
  the	
  direction	
  of	
  the	
  effect	
  differs	
  across	
  the	
  individual	
  
components.178	
  The	
  latter	
  scenario	
  would	
  not	
  only	
  reduce	
  preci-­‐
sion,	
  but	
  a	
  strong	
  association	
  with	
  one	
  component	
  may	
  be	
  oblite-­‐
rated	
  by	
  a	
  less	
  strong	
  association	
  in	
  another	
  more	
  frequent	
  com-­‐
ponent.178	
  For	
  transparency,	
  we	
  therefore	
  reported	
  on	
  the	
  
individual	
  components	
  separately	
  and	
  found	
  no	
  evidence	
  that	
  the	
  
null	
  result	
  was	
  due	
  to	
  heterogeneous	
  treatment	
  effects.	
  Finally,	
  
we	
  note	
  that	
  in	
  recent	
  years	
  (subsequent	
  to	
  our	
  study	
  I)	
  MACE	
  
has	
  increasingly	
  been	
  replaced	
  by	
  the	
  composite	
  of	
  major	
  adverse	
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cardiac	
  and	
  cerebral	
  event	
  (MACCE)	
  to	
  acknowledge	
  the	
  im-­‐
portance	
  of	
  stroke	
  as	
  a	
  thromboembolic	
  and	
  hemorrhagic	
  compli-­‐
cation	
  to	
  therapy	
  and	
  surgery.181,182	
  Still,	
  the	
  choice	
  of	
  MACE	
  was	
  
appropriate	
  because	
  study	
  I	
  focused	
  on	
  the	
  stent-­‐related	
  cardiac	
  
outcomes	
  
	
  
Selection	
  bias	
  
By	
  selection	
  bias,	
  we	
  refer	
  to	
  the	
  systematic	
  error	
  associated	
  with	
  
selection	
  of	
  study	
  participants	
  according	
  to	
  exposure	
  status	
  in	
  
cohort	
  studies	
  or	
  according	
  to	
  case	
  or	
  control	
  status	
  in	
  case-­‐
control	
  studies.177	
  The	
  bias	
  arises	
  when	
  the	
  association	
  between	
  
exposure	
  and	
  outcome	
  is	
  different	
  for	
  study	
  participants	
  and	
  non-­‐
participants.177	
  Because	
  the	
  association	
  among	
  non-­‐participants	
  is	
  
rarely	
  known,	
  selection	
  bias	
  cannot	
  be	
  observed,	
  but	
  inferred.177	
  	
  
	
   Our	
  population-­‐based	
  designs	
  within	
  the	
  setting	
  of	
  a	
  tax-­‐
supported	
  universal	
  healthcare	
  system	
  largely	
  removed	
  selection	
  
biases	
  stemming	
  from	
  selective	
  inclusion	
  of	
  specific	
  hospitals,	
  
health	
  insurance	
  systems,	
  or	
  age	
  groups.133,141	
  Moreover,	
  the	
  Civil	
  
Registration	
  System	
  allowed	
  accurate	
  accounting	
  for	
  censoring	
  
due	
  to	
  death	
  or	
  emigration.134	
  
	
  
Information	
  bias	
  
Information	
  bias	
  occurs	
  when	
  exposure	
  or	
  outcome	
  data	
  are	
  
measured	
  erroneously	
  (misclassified).177	
  If	
  the	
  misclassification	
  of	
  
NSAID	
  use	
  or	
  outcome	
  data	
  was	
  dependent	
  on	
  the	
  presence	
  of	
  its	
  
counterpart,	
  it	
  would	
  have	
  been	
  differential	
  and	
  the	
  direction	
  of	
  
the	
  bias	
  would	
  have	
  been	
  less	
  predictable.177	
  However,	
  because	
  
information	
  on	
  NSAID	
  use,	
  hospital	
  diagnoses,	
  and	
  confounding	
  
factors	
  were	
  collected	
  prospectively,	
  we	
  avoided	
  reliance	
  upon	
  
self-­‐reporting	
  and	
  thus	
  the	
  potential	
  for	
  differential	
  misclassifica-­‐
tion	
  due	
  to	
  recall	
  bias.177	
  Misclassification	
  of	
  NSAID	
  use	
  was	
  non-­‐
differential	
  if	
  independent	
  of	
  the	
  outcomes	
  (and	
  vice	
  versa).177	
  
Non-­‐differential	
  misclassification	
  most	
  often	
  biases	
  the	
  results	
  
towards	
  null	
  (in	
  particular	
  for	
  binary	
  exposure	
  or	
  disease	
  varia-­‐
bles).177	
  However,	
  if	
  the	
  misclassification	
  depends	
  on	
  misclassifi-­‐
cation	
  among	
  other	
  variables	
  or	
  if	
  the	
  exposure	
  or	
  disease	
  varia-­‐
ble	
  has	
  more	
  than	
  two	
  levels,	
  non-­‐differential	
  misclassification	
  
may	
  produce	
  bias	
  away	
  from	
  the	
  null.177	
  Below	
  we	
  discuss	
  how	
  
non-­‐differential	
  misclassification	
  of	
  NSAID	
  use	
  and	
  the	
  study	
  
outcomes	
  may	
  have	
  influenced	
  our	
  results.	
  	
  

	
  
Misclassification	
  of	
  NSAID	
  use	
  
Data	
  in	
  Denmark’s	
  prescription	
  databases	
  are	
  virtually	
  complete,	
  
lacking	
  only	
  in-­‐hospital	
  medication	
  use.135,137,138	
  Because	
  the	
  
prescription	
  data	
  are	
  prospectively	
  recorded,	
  any	
  misclassification	
  
of	
  NSAID	
  use	
  because	
  of	
  “as-­‐needed”	
  prescriptions,	
  non-­‐
adherence,	
  or	
  over-­‐the-­‐counter	
  use	
  would	
  likely	
  be	
  non-­‐
differential,	
  implying	
  that	
  the	
  effect	
  estimates	
  for	
  current	
  users	
  
may	
  be	
  underestimates.177	
  Because	
  we	
  categorized	
  NSAID	
  use	
  
into	
  three	
  exposure	
  levels	
  (non-­‐use,	
  former	
  use,	
  and	
  current	
  use),	
  
non-­‐differential	
  misclassification	
  between	
  current	
  and	
  former	
  
NSAID	
  use	
  may	
  have	
  biased	
  the	
  effect	
  estimates	
  for	
  former	
  users	
  
away	
  from	
  the	
  null.177	
  	
  
	
   Owing	
  to	
  the	
  reimbursement	
  through	
  the	
  Danish	
  National	
  
Health	
  Service’s	
  insurance	
  program,	
  regular	
  NSAID	
  users	
  have	
  an	
  
economic	
  incentive	
  to	
  obtain	
  the	
  drugs	
  by	
  prescription.	
  Although	
  
we	
  had	
  to	
  use	
  redemption	
  of	
  a	
  prescription	
  as	
  a	
  proxy	
  for	
  actual	
  
NSAID	
  use,	
  the	
  direct	
  beneficial	
  effects	
  of	
  NSAIDs	
  on	
  a	
  wide	
  range	
  
of	
  symptoms	
  also	
  suggest	
  high	
  adherence	
  for	
  chronic	
  users.	
  Fur-­‐
thermore,	
  we	
  based	
  information	
  on	
  NSAID	
  use	
  on	
  actual	
  dispens-­‐

ing	
  at	
  pharmacies	
  for	
  which	
  patients	
  pay	
  a	
  portion,	
  and	
  not	
  just	
  
written	
  prescriptions	
  as	
  other	
  studies.70	
  	
  

	
   We	
  lacked	
  information	
  on	
  over-­‐the-­‐counter	
  use	
  of	
  NSAIDs.	
  
Low-­‐dose	
  (200	
  mg)	
  ibuprofen	
  accounted	
  for	
  practically	
  all	
  over-­‐
the-­‐counter	
  use	
  of	
  non-­‐aspirin	
  NSAIDs	
  in	
  our	
  study	
  periods	
  (be-­‐
tween	
  1999	
  and	
  2012),	
  which	
  equals	
  15–25%	
  of	
  total	
  non-­‐aspirin	
  
NSAID	
  sales	
  and	
  30–35%	
  of	
  total	
  ibuprofen	
  sales.5	
  Over-­‐the-­‐
counter	
  use	
  of	
  ibuprofen	
  could	
  thus	
  in	
  principle	
  explain	
  part	
  of	
  
the	
  null	
  result	
  in	
  study	
  I.	
  However,	
  if	
  NSAID	
  use	
  increased	
  the	
  
cardiovascular	
  risk	
  in	
  the	
  stented	
  cohort,	
  we	
  would	
  expect	
  a	
  
correlation	
  between	
  the	
  NSAIDs’	
  COX-­‐2	
  selectivity	
  and	
  the	
  risk	
  for	
  
MACE.42,43	
  Because	
  we	
  did	
  not	
  observe	
  an	
  increased	
  risk	
  associat-­‐
ed	
  with	
  either	
  older	
  COX-­‐2	
  inhibitors	
  or	
  coxibs,	
  we	
  have	
  no	
  rea-­‐
son	
  to	
  suspect	
  that	
  the	
  null	
  results	
  for	
  ibuprofen	
  were	
  due	
  to	
  
non-­‐differential	
  misclassification.	
  Moreover,	
  the	
  magnitude	
  of	
  
misclassification	
  bias	
  due	
  to	
  over-­‐the-­‐counter	
  use	
  often	
  has	
  no	
  
practical	
  impact	
  on	
  the	
  relative	
  risk	
  estimates.5	
  This	
  fact	
  can	
  be	
  
illustrated	
  from	
  a	
  hypothetical	
  cohort	
  study	
  scenario	
  where	
  15%	
  
of	
  the	
  population	
  uses	
  non-­‐aspirin	
  NSAIDs	
  every	
  day	
  (as	
  was	
  the	
  
average	
  proportion	
  of	
  use	
  in	
  the	
  general	
  Danish	
  population	
  be-­‐
tween	
  1999	
  and	
  20125),	
  only	
  two-­‐thirds	
  obtain	
  the	
  drug	
  on	
  pre-­‐
scription	
  (worst-­‐case	
  scenario	
  with	
  ibuprofen),	
  and	
  there	
  is	
  an	
  
equal	
  age	
  distribution	
  among	
  new	
  and	
  long-­‐term	
  users.5	
  In	
  this	
  
scenario,	
  there	
  will	
  be	
  no	
  misclassification	
  of	
  the	
  apparently	
  
exposed	
  individuals	
  and	
  only	
  5%	
  (non-­‐differential)	
  misclassifica-­‐
tion	
  of	
  the	
  apparently	
  non-­‐exposed	
  (as	
  one-­‐third	
  of	
  15%	
  will	
  be	
  
over-­‐the-­‐counter	
  ibuprofen	
  users	
  who	
  are	
  not	
  captured	
  by	
  the	
  
prescription	
  registry).5	
  Unless	
  the	
  relative	
  risk	
  estimate	
  is	
  very	
  
high,	
  misclassification	
  of	
  this	
  magnitude	
  has	
  no	
  practical	
  impact	
  
on	
  the	
  relative	
  risk	
  estimate	
  among	
  the	
  exposed.5	
  	
  
	
  
Misclassification	
  of	
  outcomes	
  
The	
  individual	
  components	
  of	
  MACE	
  in	
  study	
  I	
  were	
  adjudicated	
  
by	
  a	
  specialist	
  committee	
  in	
  relation	
  to	
  previous	
  studies.144,149	
  The	
  
positive	
  predictive	
  values	
  of	
  diagnoses	
  in	
  the	
  DNPR	
  have	
  previ-­‐
ously	
  been	
  validated	
  using	
  medical	
  record	
  review	
  as	
  standard	
  
reference	
  and	
  found	
  to	
  be	
  approximately	
  92–100%	
  for	
  myocardial	
  
infarction,183-­‐185	
  75–90%	
  for	
  venous	
  thromboembolism,93,186	
  93–
97%	
  for	
  atrial	
  fibrillation,187,188	
  97%	
  for	
  ischemic	
  stroke,147	
  74%	
  for	
  
intracerebral	
  hemorrhage,147	
  67%	
  for	
  subarachnoid	
  hemor-­‐
rhage,147	
  and	
  98%	
  overall	
  for	
  the	
  comorbidities	
  included	
  in	
  the	
  
Charlson	
  Comorbidity	
  Index.184	
  Mortality	
  data	
  were	
  virtually	
  
complete.134	
  While	
  the	
  International	
  Classification	
  of	
  Disease	
  
code	
  used	
  to	
  identify	
  atrial	
  fibrillation	
  also	
  includes	
  atrial	
  flutter,	
  
our	
  results	
  were	
  driven	
  by	
  atrial	
  fibrillation	
  because	
  more	
  than	
  
90%	
  of	
  patients	
  registered	
  with	
  this	
  code	
  have	
  atrial	
  fibrillation.188	
  
Study	
  III	
  was	
  limited	
  by	
  its	
  inability	
  to	
  separate	
  paroxysmal,	
  per-­‐
sistent,	
  and	
  permanent	
  atrial	
  fibrillation.	
  However,	
  we	
  were	
  able	
  
to	
  restrict	
  to	
  atrial	
  fibrillation	
  cases	
  treated	
  with	
  cardioversion	
  
within	
  one	
  year	
  after	
  first	
  diagnosis	
  and	
  thereby	
  relating	
  NSAID	
  
use	
  to	
  disease	
  severity.	
  We	
  classified	
  unspecified	
  strokes	
  as	
  is-­‐
chemic	
  strokes	
  and	
  doing	
  so	
  inevitably	
  misclassified	
  some	
  intrac-­‐
erebral	
  hemorrhages	
  (approximately	
  6%)	
  as	
  ischemic	
  strokes.147	
  
Given	
  the	
  lack	
  of	
  association	
  between	
  NSAID	
  use	
  and	
  mortality	
  
from	
  intracerebral	
  hemorrhage,	
  such	
  misclassification	
  would	
  bias	
  
the	
  results	
  for	
  ischemic	
  stroke	
  towards	
  the	
  null	
  and	
  thus	
  cannot	
  
explain	
  our	
  findings.	
  Overall,	
  coding	
  errors	
  of	
  outcomes	
  seem	
  
unlikely	
  to	
  have	
  had	
  an	
  important	
  influence	
  on	
  our	
  results,	
  and	
  
importantly	
  the	
  accuracy	
  of	
  the	
  hospital	
  diagnoses	
  is	
  unlikely	
  to	
  
differ	
  by	
  previous	
  medication	
  exposure,	
  so	
  any	
  misclassification	
  
would	
  be	
  non-­‐differential.	
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Confounding	
  
By	
  confounding,	
  we	
  refer	
  to	
  the	
  lack	
  of	
  exchangeability,189	
  arising	
  
from	
  the	
  fact	
  that	
  the	
  effect	
  of	
  NSAID	
  use	
  is	
  mixed	
  with	
  the	
  effect	
  
of	
  another	
  variable.177	
  A	
  confounder	
  must	
  be	
  an	
  independent	
  
cause	
  or	
  a	
  proxy/marker	
  for	
  the	
  cause,	
  imbalanced	
  across	
  NSAID	
  
categories,	
  and	
  not	
  on	
  the	
  causal	
  pathway	
  between	
  NSAID	
  use	
  
and	
  the	
  study	
  outcomes.177	
  As	
  previously	
  mentioned,	
  we	
  aimed	
  
to	
  reduce	
  potential	
  confounding	
  in	
  both	
  the	
  design	
  or	
  analysis	
  
phases	
  of	
  our	
  studies.	
  	
  
	
   In	
  study	
  I,	
  we	
  lacked	
  data	
  on	
  tobacco	
  and	
  alcohol	
  use	
  and	
  
had	
  incomplete	
  data	
  on	
  hypertension,	
  all	
  of	
  which	
  are	
  associated	
  
with	
  MACE	
  and	
  were	
  likely	
  to	
  be	
  more	
  prevalent	
  among	
  NSAID	
  
users	
  than	
  non-­‐users.190	
  However,	
  such	
  confounding	
  would	
  bias	
  
results	
  towards	
  higher	
  risks	
  in	
  NSAID	
  users,	
  and	
  thus	
  could	
  not	
  
explain	
  our	
  null	
  findings.	
  Although	
  we	
  controlled	
  for	
  comorbidity	
  
using	
  the	
  Charlson	
  Comorbidity	
  Index,	
  underreported	
  Charlson	
  
comorbidities	
  in	
  the	
  DNPR	
  or	
  unmeasured	
  comorbidities	
  may	
  
potentially	
  lead	
  to	
  residual	
  or	
  uncontrolled	
  confounding,	
  respec-­‐
tively.	
  However,	
  the	
  Charlson	
  Comorbidity	
  Index	
  in	
  its	
  original	
  
form	
  has	
  proved	
  to	
  be	
  an	
  adequate	
  tool	
  for	
  measuring	
  the	
  prog-­‐
nostic	
  impact	
  of	
  comorbidity	
  burden	
  in	
  patients	
  with	
  acute191	
  and	
  
chronic192	
  ischemic	
  heart	
  disease.	
  Confounding	
  by	
  the	
  underlying	
  
condition	
  causing	
  pain	
  and	
  leading	
  to	
  NSAID	
  use	
  is	
  likely	
  to	
  influ-­‐
ence	
  death	
  from	
  non-­‐cardiac	
  causes	
  and	
  thus	
  explains	
  the	
  associ-­‐
ation	
  with	
  non-­‐cardiac	
  mortality.	
  Also,	
  NSAIDs	
  may	
  have	
  been	
  
prescribed	
  for	
  patients	
  without	
  clear	
  contraindications,	
  which	
  
could	
  have	
  led	
  to	
  better	
  than	
  average	
  outcomes	
  for	
  the	
  NSAID-­‐
treated	
  patients.	
  	
  
	
   In	
  study	
  II,	
  we	
  lacked	
  data	
  on	
  the	
  use	
  of	
  oral	
  contraceptives,	
  
underlying	
  conditions	
  leading	
  to	
  NSAID	
  use,	
  body	
  size,	
  and	
  immo-­‐
bilisation.81	
  Because	
  NSAID	
  use	
  was	
  associated	
  with	
  venous	
  
thromboembolism	
  among	
  both	
  men	
  and	
  women,	
  oral	
  contracep-­‐
tives	
  were	
  unlikely	
  to	
  have	
  confounded	
  the	
  effect	
  estimates	
  
substantially.	
  Former	
  use	
  was	
  included	
  as	
  a	
  marker	
  of	
  uncon-­‐
trolled	
  confounding	
  by	
  indication	
  and	
  was	
  associated	
  with	
  venous	
  
thromboembolism	
  occurrence,	
  but	
  much	
  less	
  than	
  current	
  use.	
  
To	
  what	
  extent	
  physical	
  limitations	
  in	
  mobility,	
  due	
  to	
  for	
  exam-­‐
ple	
  lower	
  back	
  pain	
  or	
  chronic	
  disease,	
  influenced	
  our	
  results	
  is	
  
unclear.	
  
	
   In	
  study	
  III,	
  we	
  lacked	
  data	
  on	
  lifestyle	
  factors,	
  including	
  
smoking	
  and	
  body	
  size,	
  and	
  underlying	
  inflammatory	
  conditions	
  
leading	
  to	
  NSAID	
  use.	
  In	
  contrast	
  to	
  study	
  II,	
  former	
  use	
  was	
  not	
  
associated	
  with	
  the	
  outcome,	
  indicating	
  an	
  effect	
  of	
  current	
  use.	
  
Also,	
  the	
  effect	
  estimates	
  did	
  not	
  change	
  when	
  patients	
  with	
  
systemic	
  inflammatory	
  conditions,	
  e.g.,	
  rheumatoid	
  arthritis,	
  
were	
  excluded.	
  Still,	
  we	
  note	
  that	
  it	
  cannot	
  be	
  ruled	
  out	
  that	
  new	
  
users	
  may	
  have	
  more	
  severe	
  underlying	
  inflammation	
  compared	
  
with	
  long-­‐term	
  users,	
  which	
  could	
  have	
  increased	
  their	
  risk	
  of	
  
atrial	
  fibrillation.	
  In	
  study	
  II	
  and	
  III,	
  we	
  considered	
  the	
  case-­‐
control	
  design	
  an	
  efficient	
  alternative	
  to	
  the	
  cohort	
  design	
  for	
  the	
  
purpose	
  of	
  estimating	
  relative	
  measures	
  of	
  association,	
  because	
  
the	
  OR	
  provides	
  an	
  unbiased	
  estimate	
  of	
  the	
  IRR	
  owing	
  to	
  the	
  
risk-­‐set	
  sampling	
  of	
  controls.150,168,169	
  Thus,	
  we	
  have	
  no	
  reason	
  to	
  
suspect	
  that	
  the	
  results	
  of	
  study	
  II	
  and	
  III	
  would	
  have	
  differed	
  in	
  a	
  
cohort	
  setting.93,169	
  
	
   In	
  study	
  IV,	
  we	
  observed	
  a	
  balance	
  in	
  the	
  measured	
  variables	
  
between	
  users	
  and	
  nonusers	
  after	
  propensity	
  score	
  matching.167	
  
Slight	
  differences	
  in	
  the	
  estimates	
  between	
  the	
  propensity	
  score	
  
matched	
  analyses	
  and	
  the	
  multivariable	
  outcome	
  model	
  may	
  in	
  
part	
  be	
  influenced	
  by	
  the	
  exclusions	
  due	
  to	
  matching	
  and	
  any	
  
potential	
  treatment	
  heterogeneity	
  (the	
  propensity	
  score	
  matched	
  

analysis	
  estimated	
  the	
  average	
  treatment	
  effect	
  in	
  the	
  treated).163	
  
A	
  strength	
  of	
  propensity	
  score	
  matching	
  is	
  the	
  statistical	
  efficien-­‐
cy	
  even	
  in	
  subgroup	
  analyses	
  where	
  a	
  decreasing	
  number	
  of	
  
events	
  becomes	
  a	
  limiting	
  factor	
  for	
  the	
  number	
  of	
  covariables	
  
possible	
  to	
  include	
  in	
  the	
  multivariable	
  outcome	
  model.193,194	
  The	
  
overall	
  agreement	
  between	
  the	
  results	
  from	
  the	
  two	
  approaches	
  
is,	
  however,	
  not	
  surprising	
  considering	
  they	
  are	
  based	
  on	
  the	
  
same	
  set	
  of	
  covariables.	
  Also,	
  it	
  should	
  be	
  noted	
  that	
  matching	
  on	
  
the	
  propensity	
  score	
  may	
  still	
  result	
  in	
  unmeasured	
  variables,	
  
such	
  as	
  smoking	
  or	
  body	
  weight	
  being	
  imbalanced	
  between	
  treat-­‐
ed	
  and	
  untreated	
  subjects	
  (to	
  the	
  extent	
  such	
  variables	
  are	
  unre-­‐
lated	
  to	
  the	
  covariables	
  already	
  included	
  in	
  the	
  calculation	
  of	
  the	
  
propensity	
  score).167	
  Still,	
  the	
  agreement	
  between	
  the	
  two	
  ap-­‐
proaches	
  supports	
  the	
  robustness	
  of	
  our	
  findings.	
  	
  
	
   In	
  all	
  studies,	
  we	
  note	
  that	
  we	
  did	
  adjust	
  indirectly	
  for	
  un-­‐
measured	
  lifestyle	
  factors	
  by	
  controlling	
  for	
  hospital-­‐diagnosed	
  
chronic	
  obstructive	
  pulmonary	
  disease,	
  obesity,	
  and	
  ischemic	
  
heart	
  disease	
  (except	
  in	
  study	
  I)	
  and	
  that	
  our	
  findings	
  in	
  studies	
  
II–III	
  could	
  not	
  easily	
  be	
  explained	
  by	
  even	
  a	
  strong	
  single	
  un-­‐
measured	
  confounder.	
  Still,	
  due	
  to	
  the	
  non-­‐randomized	
  design,	
  
we	
  cannot	
  exclude	
  the	
  potential	
  risk	
  of	
  residual	
  or	
  unmeasured	
  
confounding.	
  
	
  
Generalizability	
  
Assuming	
  high	
  internal	
  validity,	
  our	
  results	
  are	
  likely	
  generalizable	
  
to	
  most	
  other	
  industrial	
  Western	
  societies	
  with	
  comparable	
  life-­‐
style,	
  risk	
  factor	
  prevalence,	
  and	
  treatment	
  regimens.168	
  The	
  
Danish	
  population	
  is	
  homogenous	
  with	
  regards	
  to	
  ethnicity,	
  with	
  
a	
  vast	
  majority	
  of	
  Scandinavian	
  and	
  European	
  citizens.	
  The	
  rela-­‐
tive	
  estimates	
  of	
  association	
  are	
  likely	
  generalizable	
  to	
  other	
  
populations	
  assuming	
  no	
  effect	
  measure	
  modification	
  by	
  envi-­‐
ronmental	
  factors	
  or	
  ethnicity.168	
  
	
  
CLINICAL	
  IMPLICATIONS	
  	
  
This	
  dissertation	
  adds	
  to	
  the	
  increasing	
  body	
  of	
  evidence	
  about	
  
the	
  cardiovascular	
  risk	
  and	
  prognostic	
  impact	
  associated	
  with	
  use	
  
of	
  non-­‐aspirin	
  NSAIDs.	
  Current	
  guidelines	
  highlight	
  the	
  risk	
  of	
  
myocardial	
  infarction,	
  stroke,	
  heart	
  failure,	
  and	
  hypertension	
  
associated	
  with	
  non-­‐aspirin	
  NSAID	
  use.23,48,195	
  We	
  provide	
  data	
  to	
  
support	
  that	
  use	
  of	
  non-­‐aspirin	
  NSAIDs,	
  in	
  particular	
  COX-­‐2	
  inhibi-­‐
tors,	
  is	
  associated	
  with	
  cardiovascular	
  risks	
  not	
  previously	
  recog-­‐
nized.23	
  Specifically,	
  we	
  add	
  evidence	
  that	
  use	
  of	
  non-­‐aspirin	
  
NSAIDs,	
  especially	
  COX-­‐2	
  selective	
  agents,	
  is	
  associated	
  with	
  risk	
  
of	
  venous	
  thromboembolism	
  and	
  atrial	
  fibrillation.	
  Our	
  data	
  also	
  
associate	
  use	
  of	
  COX-­‐2	
  inhibitors	
  with	
  an	
  increased	
  mortality	
  
following	
  ischemic	
  stroke.	
  When	
  no	
  appropriate	
  alternatives	
  
exist,	
  the	
  subgroup	
  of	
  patients	
  with	
  coronary	
  stents	
  on	
  dual	
  an-­‐
tiplatelet	
  therapy,	
  however,	
  seems	
  to	
  tolerate	
  the	
  cardiovascular	
  
risks	
  associated	
  with	
  non-­‐aspirin	
  NSAIDs.	
  	
  
	
   Overall,	
  our	
  data	
  support	
  current	
  recommendations	
  that	
  
selective	
  COX-­‐2	
  inhibitors	
  should	
  be	
  considered	
  contraindicated	
  
in	
  patients	
  with	
  cardiovascular	
  disease.23,48,195	
  They	
  should	
  also	
  be	
  
avoided	
  in	
  patients	
  with	
  risk	
  factors	
  for	
  cardiovascular	
  disease,	
  
and	
  only	
  be	
  used	
  when	
  there	
  are	
  no	
  appropriate	
  alternatives,	
  and	
  
then,	
  only	
  in	
  the	
  lowest	
  effective	
  dose	
  and	
  for	
  the	
  shortest	
  dura-­‐
tion	
  necessary	
  to	
  control	
  symptoms.23,48,195	
  
	
   Physicians	
  should	
  be	
  aware	
  of	
  the	
  potential	
  risk	
  of	
  atrial	
  
fibrillation	
  when	
  balancing	
  patient-­‐specific	
  risks	
  and	
  benefits	
  of	
  
prescribing	
  treatment	
  with	
  non-­‐aspirin	
  NSAIDs.196,197	
  Accordingly,	
  
efforts	
  should	
  be	
  made	
  to	
  assess	
  and	
  treat	
  modifiable	
  risk	
  factors	
  
for	
  atrial	
  fibrillation	
  before	
  and	
  during	
  treatment	
  with	
  non-­‐aspirin	
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NSAIDs.17,48	
  Non-­‐pharmacological	
  treatment	
  and	
  other	
  analgesics,	
  
such	
  as	
  acetaminophen,	
  should	
  be	
  considered	
  as	
  agents	
  to	
  avoid	
  
initiation	
  of	
  non-­‐aspirin	
  NSAID	
  therapy.17,48	
  Due	
  to	
  the	
  uncertain-­‐
ty	
  of	
  the	
  nature	
  of	
  the	
  association	
  between	
  non-­‐aspirin	
  NSAIDs	
  
and	
  venous	
  thromboembolism,	
  it	
  is	
  too	
  early	
  to	
  make	
  recom-­‐
mendations.	
  Regardless	
  of	
  the	
  causality	
  of	
  this	
  association,	
  effec-­‐
tive	
  treatment	
  of	
  pain	
  is	
  warranted	
  to	
  reduce	
  pain-­‐related	
  immo-­‐
bilization	
  and	
  the	
  associated	
  risk	
  of	
  venous	
  thromboembolism.	
  
	
  
SUMMARY	
  
The	
  cardiovascular	
  safety	
  of	
  non-­‐steroidal	
  anti-­‐inflammatory	
  
drugs	
  (NSAIDs)	
  is	
  controversial,	
  because	
  cyclooxygenase	
  (COX)-­‐2	
  
inhibitors	
  increase	
  the	
  risk	
  of	
  myocardial	
  infarction,	
  stroke,	
  heart	
  
failure,	
  and	
  hypertension.	
  To	
  explore	
  additional	
  NSAID-­‐associated	
  
cardiovascular	
  risks,	
  we	
  examined	
  whether	
  use	
  of	
  non-­‐aspirin	
  
NSAIDs	
  was	
  associated	
  with	
  risk	
  of	
  major	
  adverse	
  cardiovascular	
  
events	
  (MACE)	
  after	
  coronary	
  stent	
  implantation	
  (study	
  I),	
  risk	
  of	
  
venous	
  thromboembolism	
  (study	
  II),	
  risk	
  of	
  atrial	
  fibrillation	
  
(study	
  III),	
  and	
  30-­‐day	
  stroke	
  mortality	
  (study	
  IV).	
  

We	
  conducted	
  two	
  cohort	
  studies	
  (I	
  and	
  IV)	
  and	
  two	
  case-­‐
control	
  studies	
  (II	
  and	
  III).	
  We	
  identified	
  use	
  of	
  NSAIDs	
  from	
  pre-­‐
scription	
  registries	
  and	
  used	
  medical	
  databases	
  to	
  collect	
  data	
  on	
  
cardiovascular	
  morbidity,	
  comorbidity,	
  and	
  mortality.	
  

In	
  study	
  I	
  (2002–2005),	
  we	
  included	
  13,001	
  patients	
  undergo-­‐
ing	
  first-­‐ever	
  percutaneous	
  coronary	
  intervention	
  with	
  stent	
  
implantation	
  in	
  Western	
  Denmark.	
  Compared	
  with	
  non-­‐users	
  of	
  
NSAIDs,	
  the	
  adjusted	
  incidence	
  rate	
  ratio	
  (IRR)	
  for	
  MACE	
  was	
  1.04	
  
(95%	
  CI:	
  0.83–1.31)	
  for	
  users	
  of	
  nonselective	
  NSAIDs	
  and	
  1.00	
  
(95%	
  CI:	
  0.81–1.25)	
  for	
  users	
  of	
  COX-­‐2	
  inhibitors.	
  Consistently,	
  
current	
  use	
  of	
  non-­‐aspirin	
  NSAIDs	
  was	
  not	
  associated	
  with	
  an	
  
increased	
  rate	
  of	
  the	
  individual	
  MACE	
  components	
  (myocardial	
  
infarction,	
  stent	
  thrombosis,	
  target	
  lesion	
  revascularization,	
  and	
  
cardiac	
  death)	
  that	
  was	
  notably	
  different	
  from	
  that	
  seen	
  among	
  
former	
  users,	
  suggesting	
  no	
  true	
  adverse	
  drug	
  effect.	
  

In	
  study	
  II	
  (1999–2006),	
  we	
  identified	
  8,368	
  patients	
  with	
  a	
  
first-­‐time	
  hospital	
  diagnosis	
  of	
  venous	
  thromboembolism	
  in	
  
Northern	
  Denmark	
  and	
  82,218	
  age-­‐	
  and	
  sex-­‐matched	
  population	
  
controls.	
  As	
  compared	
  with	
  no	
  use,	
  the	
  adjusted	
  IRR	
  for	
  venous	
  
thromboembolism	
  was	
  2.51	
  (95%	
  CI:	
  2.29–2.76)	
  for	
  current	
  use	
  of	
  
non-­‐selective	
  NSAIDs	
  and	
  2.19	
  (95%	
  CI:	
  1.99–2.41)	
  for	
  current	
  use	
  
of	
  COX-­‐2	
  inhibitors.	
  Former	
  users	
  had	
  substantially	
  smaller	
  in-­‐
creases	
  than	
  current	
  users.	
  The	
  adjusted	
  IRR	
  for	
  venous	
  thrombo-­‐
embolism	
  among	
  long-­‐term	
  users	
  were	
  2.06	
  (95%	
  CI:	
  1.85–2.29)	
  
for	
  non-­‐selective	
  NSAIDs	
  and	
  1.92	
  (95%	
  CI:	
  1.72–2.15)	
  for	
  COX-­‐2	
  
inhibitors.	
  The	
  long-­‐term	
  user	
  estimates	
  are	
  less	
  likely	
  to	
  be	
  influ-­‐
enced	
  by	
  protopathic	
  bias.	
  Similarly	
  increased	
  risks	
  were	
  found	
  
for	
  unprovoked	
  venous	
  thromboembolism	
  (occurrence	
  in	
  the	
  
absence	
  of	
  pregnancy,	
  cancer,	
  major	
  trauma,	
  fracture,	
  or	
  surgery	
  
within	
  three	
  months	
  preceding	
  the	
  venous	
  thromboembolism),	
  
deep	
  vein	
  thrombosis,	
  pulmonary	
  embolism,	
  and	
  individual	
  
NSAIDs.	
  

In	
  study	
  III	
  (1999–2008),	
  we	
  identified	
  32,602	
  patients	
  with	
  a	
  
first-­‐time	
  hospital	
  diagnosis	
  of	
  atrial	
  fibrillation	
  in	
  Northern	
  Den-­‐
mark	
  and	
  325,918	
  age-­‐	
  and	
  sex-­‐matched	
  population	
  controls.	
  
Compared	
  with	
  no	
  use,	
  the	
  adjusted	
  IRR	
  associating	
  current	
  drug	
  
use	
  with	
  atrial	
  fibrillation	
  was	
  1.17	
  (95%	
  CI:	
  1.10–1.24)	
  for	
  non-­‐
selective	
  NSAIDs	
  and	
  1.27	
  (95%	
  CI:	
  1.20–1.34)	
  for	
  COX-­‐2	
  inhibi-­‐
tors.	
  Among	
  new	
  users,	
  the	
  adjusted	
  IRR	
  was	
  1.46	
  (95%	
  CI:	
  1.33–
1.62)	
  for	
  non-­‐selective	
  NSAIDs	
  and	
  1.71	
  (95%	
  CI:	
  1.56–1.88)	
  for	
  
COX-­‐2	
  inhibitors.	
  Results	
  for	
  individual	
  NSAIDs	
  were	
  similar.	
  

In	
  study	
  IV	
  (2004–2012),	
  we	
  included	
  100,043	
  patients	
  with	
  
first-­‐time	
  hospitalization	
  for	
  stroke	
  in	
  Denmark.	
  After	
  multivariate	
  
adjustment,	
  the	
  30-­‐day	
  mortality	
  rate	
  ratio	
  (MRR)	
  for	
  ischemic	
  
stroke	
  was	
  1.14	
  (95%	
  CI:	
  1.03–1.27)	
  for	
  current	
  users	
  of	
  COX-­‐2	
  
inhibitors	
  compared	
  with	
  non-­‐users,	
  driven	
  by	
  the	
  effect	
  among	
  
new	
  users	
  (1.31,	
  95%	
  CI:	
  1.13–1.52).	
  A	
  propensity	
  score	
  matched	
  
analysis	
  yielded	
  similar	
  results,	
  with	
  a	
  30-­‐day	
  MRR	
  for	
  ischemic	
  
stroke	
  of	
  1.16	
  (95%	
  CI:	
  1.01–1.34)	
  among	
  current	
  users	
  and	
  1.28	
  
(95%	
  CI:	
  1.07–1.54)	
  among	
  new	
  users.	
  Comparing	
  different	
  types	
  
of	
  COX-­‐2	
  inhibitors,	
  the	
  MRR	
  was	
  driven	
  by	
  new	
  use	
  of	
  older	
  
traditional	
  COX-­‐2	
  inhibitors	
  (1.30,	
  95%	
  CI:	
  1.12–1.52),	
  being	
  1.51	
  
(95%	
  CI:	
  1.16–1.98)	
  for	
  etodolac	
  and	
  1.21	
  (95%	
  CI:	
  1.01–1.45)	
  for	
  
diclofenac.	
  Mortality	
  from	
  hemorrhagic	
  strokes	
  was	
  not	
  associat-­‐
ed	
  with	
  preadmission	
  use	
  of	
  non-­‐aspirin	
  NSAIDs.	
  

In	
  conclusion,	
  we	
  found	
  that	
  use	
  of	
  non-­‐aspirin	
  NSAIDs	
  was	
  
not	
  associated	
  with	
  MACE	
  following	
  coronary	
  stent	
  implantation,	
  
but	
  was	
  associated	
  with	
  an	
  increased	
  risk	
  of	
  venous	
  thromboem-­‐
bolism,	
  atrial	
  fibrillation,	
  and	
  30-­‐day	
  mortality	
  following	
  ischemic	
  
stroke,	
  especially	
  when	
  therapy	
  with	
  selective	
  COX-­‐2	
  
inhibitors	
  was	
  initiated.	
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