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Preface	  
Thomas	  Henry	  Huxley	  observed	  that	  “science	  is	  simply	  common	  sense	  at	  its	  
best;	  that	  is,	  rigidly	  accurate	  in	  observation	  and	  merciless	  to	  a	  fallacy	  in	  logic.”1	  
This	  second	  edition	  of	  the	  Reference	  Manual	  on	  Scientific	  Evidence	  furthers	  the	  goal	  
of	  assisting	  federal	  judges	  in	  recognizing	  the	  characteristics	  and	  reasoning	  of	  
“science”	  as	  it	  is	  relevant	  in	  litigation.	  	  
	  
The	  first	  edition	  of	  the	  Reference	  Manual	  was	  published	  in	  1994,	  at	  a	  time	  of	  
heightened	  need	  for	  judicial	  awareness	  of	  scientific	  methods	  and	  reasoning	  cre-‐	  
ated	  by	  the	  Supreme	  Court’s	  decision	  in	  Daubert	  v.	  Merrell	  Dow	  Pharmaceuticals,	  
Inc.	  3	  Daubert	  assigned	  the	  trial	  judge	  a	  “gatekeeping	  responsibility”	  to	  make	  “a	  
preliminary	  assessment	  of	  whether	  the	  reasoning	  or	  methodology	  underlying	  
the	  testimony	  is	  scientifically	  valid	  and	  of	  whether	  that	  reasoning	  or	  methodol-‐	  
ogy	  properly	  can	  be	  applied	  to	  the	  facts	  in	  issue.”	  
	  
	  
This	  second	  edition	  comes	  after	  recent	  decisions	  that	  expand	  the	  duties	  and	  
responsibility	  of	  trial	  courts	  in	  cases	  involving	  scientific	  and	  technical	  evidence.	  
In	  General	  Electric	  Co.	  v.	  Joiner,	  5	  the	  Supreme	  Court	  strengthened	  the	  role	  of	  the	  
trial	  courts	  by	  deciding	  that	  abuse	  of	  discretion	  is	  the	  correct	  standard	  for	  an	  
appellate	  court	  to	  apply	  in	  reviewing	  a	  district	  court’s	  evidentiary	  ruling	  
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Last	  year,	  in	  Kumho	  Tire	  Co.	  v.	  Carmichael,	  the	  Supreme	  Court	  deter-‐	  
mined	  that	  the	  trial	  judge’s	  gatekeeping	  obligation	  under	  Daubert	  not	  only	  ap-‐	  
plies	  to	  scientific	  evidence	  but	  also	  extends	  to	  proffers	  of	  “‘technical’	  and	  ‘other	  
specialized’	  knowledge,”	  the	  other	  categories	  of	  expertise	  specified	  in	  Federal	  
Rule	  of	  Evidence	  702.	  7	  Also,	  the	  Supreme	  Court	  recently	  forwarded	  to	  Con-‐	  
gress	  proposed	  amendments	  to	  Federal	  Rules	  of	  Evidence	  701,	  702,	  and	  703	  
that	  are	  intended	  to	  codify	  case	  law	  that	  is	  based	  on	  Daubert	  and	  its	  progeny.	  
	  
	  
By	  identifying	  scientific	  areas	  commonly	  in	  



dispute,	  the	  guides	  should	  improve	  the	  quality	  of	  the	  dialogue	  between	  the	  
judges	  and	  the	  parties	  concerning	  the	  basis	  of	  expert	  evidence.	  
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I.	  Introduction	  
Epidemiology	  is	  the	  field	  of	  public	  health	  and	  medicine	  that	  studies	  the	  inci-‐	  
dence,	  distribution,	  and	  etiology	  of	  disease	  in	  human	  populations.	  	  
	  
	  
1.	  Although	  epidemiologists	  may	  conduct	  studies	  of	  beneficial	  agents	  that	  prevent	  or	  cure	  disease	  
or	  other	  medical	  conditions,	  this	  reference	  guide	  refers	  exclusively	  to	  outcomes	  as	  diseases,	  because	  they	  
are	  the	  relevant	  outcomes	  in	  most	  judicial	  proceedings	  in	  which	  epidemiology	  is	  involved.	  
2.	  Epidemiologic	  studies	  have	  been	  well	  received	  by	  courts	  trying	  mass	  tort	  suits.	  Well-‐conducted	  
studies	  are	  uniformly	  admitted.	  	  
953	  (3d	  Cir.	  1990)	  (pediatric	  pharmacologist	  expert’s	  credentials	  sufficient	  pursuant	  to	  Fed.	  R.	  Evid.	  
702	  to	  interpret	  epidemiologic	  studies	  and	  render	  an	  opinion	  based	  thereon);	  cf.	  Landrigan	  v.	  Celotex	  
Corp.,	  605	  A.2d	  1079,	  1088	  (N.J.	  1992)	  (epidemiologist	  permitted	  to	  testify	  to	  both	  general	  causation	  
and	  specific	  causation);	  Loudermill	  v.	  Dow	  Chem.	  Co.,	  863	  F.2d	  566,	  569	  (8th	  Cir.	  1988)	  (toxicologist	  
permitted	  to	  testify	  that	  chemical	  caused	  decedent’s	  death).	  
3.	  An	  epidemiologic	  study,	  which	  often	  is	  published	  in	  a	  medical	  journal	  or	  other	  scientific	  journal,	  
is	  hearsay.	  An	  epidemiologic	  study	  that	  is	  performed	  by	  the	  government,	  such	  as	  one	  performed	  by	  the	  
Centers	  for	  Disease	  Control	  (CDC),	  may	  be	  admissible	  based	  on	  the	  hearsay	  exception	  for	  government	  
records	  contained	  in	  Fed.	  R.	  Evid.	  803(8)(C).	  See	  Ellis	  v.	  International	  Playtex,	  Inc.,	  745	  F.2d	  292,	  
	  
In	  any	  case,	  an	  epidemiologic	  study	  might	  be	  part	  of	  the	  basis	  of	  an	  expert’s	  opinion	  and	  need	  not	  be	  
independently	  admissible	  pursuant	  to	  Fed.	  R.	  Evid.	  703.	  See	  In	  re	  “Agent	  Orange”	  Prod.	  Liab.	  Litig.,	  
611	  F.	  Supp.	  1223,	  1240	  (E.D.N.Y.	  1985),	  aff’d,	  818	  F.2d	  187	  (2d	  Cir.	  1987),	  cert.	  denied,	  487	  U.S.	  
	  
	  
Epidemiology	  focuses	  on	  the	  question	  of	  gen-‐	  
eral	  causation	  (i.e.,	  is	  the	  agent	  capable	  of	  causing	  disease?)	  rather	  than	  that	  of	  
specific	  causation	  (i.e.,	  did	  it	  cause	  disease	  in	  a	  particular	  individual?).	  6	  For	  ex-‐	  
ample,	  in	  the	  1950s	  Doll	  and	  Hill	  and	  others	  published	  articles	  about	  the	  in-‐	  
creased	  risk	  of	  lung	  cancer	  in	  cigarette	  smokers.	  Doll	  and	  Hill’s	  studies	  showed	  
that	  smokers	  who	  smoked	  ten	  to	  twenty	  cigarettes	  a	  day	  had	  a	  lung	  cancer	  
mortality	  rate	  that	  was	  about	  ten	  times	  higher	  than	  that	  for	  nonsmokers.	  7	  These	  
studies	  identified	  an	  association	  between	  smoking	  cigarettes	  and	  death	  from	  
lung	  cancer,	  which	  contributed	  to	  the	  determination	  that	  smoking	  causes	  lung	  
cancer.	  
However,	  it	  should	  be	  emphasized	  that	  an	  association	  is	  not	  equivalent	  to	  causa-‐	  
tion.	  8	  An	  association	  identified	  in	  an	  epidemiologic	  study	  may	  or	  may	  not	  be	  
causal	  
6.	  This	  terminology	  and	  the	  distinction	  between	  general	  causation	  and	  specific	  causation	  is	  widely	  
recognized	  in	  court	  opinions.	  
	  
	  Association	  does	  not	  



necessarily	  imply	  a	  causal	  effect.	  Causation	  is	  used	  to	  describe	  the	  association	  between	  two	  events	  when	  
one	  event	  is	  a	  necessary	  link	  in	  a	  chain	  of	  events	  that	  results	  in	  the	  effect.	  Of	  course,	  alternative	  causal	  
chains	  may	  exist	  that	  do	  not	  include	  the	  agent	  but	  that	  result	  in	  the	  same	  effect.	  Epidemiologic	  methods	  
cannot	  deductively	  prove	  causation;	  indeed,	  all	  empirically	  based	  science	  cannot	  affirmatively	  prove	  a	  
causal	  relation.	  	  
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the	  strengths	  and	  weaknesses	  of	  the	  study’s	  design	  and	  implementation,	  as	  well	  
as	  a	  judgment	  about	  how	  the	  study	  findings	  fit	  with	  other	  scientific	  knowledge.	  
It	  is	  important	  to	  emphasize	  that	  most	  studies	  have	  flaws.	  10	  Some	  flaws	  are	  
inevitable	  given	  the	  limits	  of	  technology	  and	  resources.	  In	  evaluating	  epidemio-‐	  
A	  final	  caveat	  is	  that	  employing	  the	  results	  of	  group-‐based	  studies	  of	  risk	  to	  
make	  a	  causal	  determination	  for	  an	  individual	  plaintiff	  is	  beyond	  the	  limits	  of	  
epidemiology.	  Nevertheless,	  a	  substantial	  body	  of	  legal	  precedent	  has	  developed	  
that	  addresses	  the	  use	  of	  epidemiologic	  evidence	  to	  prove	  causation	  for	  an	  indi-‐	  
vidual	  litigant	  through	  probabilistic	  means,	  and	  these	  cases	  are	  discussed	  later	  in	  
this	  reference	  guide.	  11	  
The	  following	  sections	  of	  this	  reference	  guide	  address	  a	  number	  of	  critical	  
issues	  that	  arise	  in	  considering	  the	  admissibility	  of,	  and	  weight	  to	  be	  accorded	  to,	  
epidemiologic	  research	  findings.	  Over	  the	  past	  couple	  of	  decades,	  courts	  fre-‐	  
quently	  have	  confronted	  the	  use	  of	  epidemiologic	  studies	  as	  evidence	  and	  rec-‐	  
ognized	  their	  utility	  in	  proving	  causation.	  As	  the	  Third	  Circuit	  observed	  in	  
DeLuca	  v.	  Merrell	  Dow	  Pharmaceuticals,	  Inc.:	  “The	  reliability	  of	  expert	  testimony	  
founded	  on	  reasoning	  from	  epidemiological	  data	  is	  generally	  a	  fit	  subject	  for	  
judicial	  notice;	  epidemiology	  is	  a	  well-‐established	  branch	  of	  science	  and	  medi-‐	  
cine,	  and	  epidemiological	  evidence	  has	  been	  accepted	  in	  numerous	  cases.”12	  
Three	  basic	  issues	  arise	  when	  epidemiology	  is	  used	  in	  legal	  disputes	  and	  the	  
methodological	  soundness	  of	  a	  study	  and	  its	  implications	  for	  resolution	  of	  the	  
question	  of	  causation	  must	  be	  assessed:	  
1.	  Do	  the	  results	  of	  an	  epidemiologic	  study	  reveal	  an	  association	  between	  an	  
agent	  and	  disease?	  
2.	  What	  sources	  of	  error	  in	  the	  study	  may	  have	  contributed	  to	  an	  inaccurate	  
result?	  
3.	  If	  the	  agent	  is	  associated	  with	  disease,	  is	  the	  relationship	  causal?	  
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When	  an	  agent’s	  effects	  are	  suspected	  to	  be	  harmful,	  we	  cannot	  knowingly	  
expose	  people	  to	  the	  agent.	  14	  Instead	  of	  the	  investigator	  controlling	  who	  is	  
exposed	  to	  the	  agent	  and	  who	  is	  not,	  most	  epidemiologic	  studies	  are	  observa-‐	  
tional—that	  is,	  they	  “observe”	  a	  group	  of	  individuals	  who	  have	  been	  exposed	  to	  
an	  agent	  of	  interest,	  such	  as	  cigarette	  smoking	  or	  an	  industrial	  chemical,	  and	  
compare	  them	  with	  another	  group	  of	  individuals	  who	  have	  not	  been	  so	  ex-‐	  
posed.	  	  
	  
14.Experimental	  studies	  in	  which	  human	  beings	  are	  exposed	  to	  agents	  known	  or	  thought	  to	  be	  toxic	  are	  
ethically	  proscribed.	  See	  Ethyl	  Corp.	  v.	  United	  States	  Envtl.	  Protection	  Agency,	  541	  F.2d	  1,	  
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The	  difference	  between	  cohort	  studies	  and	  case-‐control	  studies	  is	  that	  cohort	  
studies	  measure	  and	  compare	  the	  incidence	  of	  disease	  in	  the	  exposed	  and	  unex-‐	  



posed	  (“control”)	  groups,	  while	  case-‐control	  studies	  measure	  and	  compare	  the	  
frequency	  of	  exposure	  in	  the	  group	  with	  the	  disease	  (the	  “cases”)	  and	  the	  group	  
without	  the	  disease	  (the	  “controls”).	  Thus,	  a	  cohort	  study	  takes	  the	  exposed	  
status	  of	  participants	  (the	  independent	  variable)	  and	  examines	  its	  effect	  on	  inci-‐	  
dence	  of	  disease	  (the	  dependent	  variable).	  A	  case-‐control	  study	  takes	  the	  disease	  
status	  as	  the	  independent	  variable	  and	  examines	  its	  relationship	  with	  exposure,	  
which	  is	  the	  dependent	  variable.	  In	  a	  case-‐control	  study,	  the	  rates	  of	  exposure	  in	  
the	  cases	  and	  the	  rates	  in	  the	  controls	  are	  compared,	  and	  the	  odds	  of	  having	  the	  
disease	  when	  exposed	  to	  a	  suspected	  agent	  can	  be	  compared	  with	  the	  odds	  when	  
not	  exposed.	  The	  critical	  difference	  between	  cohort	  studies	  and	  case-‐control	  
studies	  is	  that	  cohort	  studies	  begin	  with	  exposed	  people	  and	  unexposed	  people,	  
while	  case-‐control	  studies	  begin	  with	  individuals	  who	  are	  selected	  based	  on	  
whether	  they	  have	  the	  disease	  or	  do	  not	  have	  the	  disease	  and	  their	  exposure	  to	  
the	  agent	  in	  question	  is	  measured.	  The	  goal	  of	  both	  types	  of	  studies	  is	  to	  deter-‐	  
mine	  if	  there	  is	  an	  association	  between	  exposure	  to	  an	  agent	  and	  a	  disease,	  and	  
the	  strength	  (magnitude)	  of	  that	  association.	  
	  
	  
1.	  Cohort	  studies	  
In	  cohort	  studies	  17	  the	  researcher	  identifies	  two	  groups	  of	  individuals:	  (1)	  indi-‐	  
viduals	  who	  have	  been	  exposed	  to	  a	  substance	  that	  is	  considered	  a	  possible	  cause	  
of	  a	  disease	  and	  (2)	  individuals	  who	  have	  not	  been	  exposed	  (see	  Figure	  1).	  18	  
Both	  groups	  are	  followed	  for	  a	  specified	  length	  of	  time,	  and	  the	  proportions	  of	  
individuals	  in	  each	  group	  who	  develop	  the	  disease	  are	  compared	  
	  
17.	  Cohort	  studies	  also	  are	  referred	  to	  as	  prospective	  studies	  and	  follow-‐up	  studies.	  
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2.	  Case-‐control	  studies	  
In	  case-‐control	  studies,	  23	  the	  researcher	  begins	  with	  a	  group	  of	  individuals	  who	  
have	  a	  disease	  (cases)	  and	  then	  selects	  a	  group	  of	  individuals	  who	  do	  not	  have	  the	  
disease	  (controls).	  The	  researcher	  then	  compares	  the	  groups	  in	  terms	  of	  past	  
exposures.	  If	  a	  certain	  exposure	  is	  associated	  with	  or	  caused	  the	  disease,	  a	  higher	  
proportion	  of	  past	  exposure	  among	  the	  cases	  than	  among	  the	  controls	  would	  be	  
expected	  (see	  Figure	  2).	  
	  
	  
Figure	  2.	  Design	  of	  a	  Case-‐Control	  Study	  
CASES	  CONTROLS	  
	  
An	  advantage	  of	  the	  case-‐control	  study	  is	  that	  it	  usually	  can	  be	  completed	  in	  
less	  time	  and	  with	  less	  expense	  than	  a	  cohort	  study.	  Case-‐control	  studies	  are	  also	  
particularly	  useful	  in	  the	  study	  of	  rare	  diseases,	  because	  if	  a	  cohort	  study	  were	  
conducted,	  an	  extremely	  large	  group	  would	  have	  to	  be	  studied	  in	  order	  to	  
observe	  the	  development	  of	  a	  sufficient	  number	  of	  cases	  for	  analysis.	  25	  A	  num-‐	  
ber	  of	  potential	  problems	  with	  case-‐control	  studies	  are	  discussed	  in	  section	  IV.B.	  
	  
3.	  Cross-‐sectional	  studies	  
A	  third	  type	  of	  observational	  study	  is	  a	  cross-‐sectional	  study.	  In	  this	  type	  of	  
study,	  individuals	  are	  interviewed	  or	  examined,	  and	  the	  presence	  of	  both	  the	  
exposure	  of	  interest	  and	  the	  disease	  of	  interest	  is	  determined	  in	  each	  individual	  
at	  a	  single	  point	  in	  time.	  Cross-‐sectional	  studies	  determine	  the	  presence	  (preva-‐	  
lence)	  of	  both	  exposure	  and	  disease	  in	  the	  subjects	  and	  do	  not	  determine	  the	  



development	  of	  disease	  or	  risk	  of	  disease	  (incidence).	  Moreover,	  since	  both	  
exposure	  and	  disease	  are	  determined	  in	  an	  individual	  at	  the	  same	  point	  in	  time,	  
it	  is	  not	  possible	  to	  establish	  the	  temporal	  relation	  between	  exposure	  and	  dis-‐	  
ease—that	  is,	  that	  the	  exposure	  preceded	  the	  disease,	  which	  would	  be	  necessary	  
for	  drawing	  any	  causal	  inference.	  Thus,	  a	  researcher	  may	  use	  a	  cross-‐sectional	  
study	  to	  determine	  the	  connection	  between	  a	  personal	  characteristic	  that	  does	  
not	  change	  over	  time,	  such	  as	  blood	  type,	  and	  existence	  of	  a	  disease,	  such	  as	  
aplastic	  anemia,	  by	  examining	  individuals	  and	  determining	  their	  blood	  types	  
and	  whether	  they	  suffer	  from	  aplastic	  anemia.	  Cross-‐sectional	  studies	  are	  infre-‐	  
quently	  used	  when	  the	  exposure	  of	  interest	  is	  an	  environmental	  toxic	  agent	  
(current	  smoking	  status	  is	  a	  poor	  measure	  of	  an	  individual’s	  history	  of	  smoking),	  
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III.	  How	  Should	  Results	  of	  an	  Epidemiologic	  
Study	  Be	  Interpreted?	  
Epidemiologists	  are	  ultimately	  interested	  in	  whether	  a	  causal	  relationship	  exists	  
between	  an	  agent	  and	  a	  disease.	  However,	  the	  first	  question	  an	  epidemiologist	  
addresses	  is	  whether	  an	  association	  exists	  between	  exposure	  to	  the	  agent	  and	  
disease.	  An	  association	  between	  exposure	  to	  an	  agent	  and	  disease	  exists	  when	  
they	  occur	  together	  more	  frequently	  than	  one	  would	  expect	  by	  chance.	  42	  Al-‐	  
though	  a	  causal	  relationship	  is	  one	  possible	  explanation	  for	  an	  observed	  associa-‐	  
tion	  between	  an	  exposure	  and	  a	  disease,	  an	  association	  does	  not	  necessarily	  mean	  
that	  there	  is	  a	  cause–effect	  relationship.	  Interpreting	  the	  meaning	  of	  an	  observed	  
association	  is	  discussed	  below.	  
This	  section	  begins	  by	  describing	  the	  ways	  of	  expressing	  the	  existence	  and	  
strength	  of	  an	  association	  between	  exposure	  and	  disease.	  It	  reviews	  ways	  in	  
which	  an	  incorrect	  result	  can	  be	  produced	  because	  of	  the	  sampling	  methods	  
used	  in	  all	  observational	  epidemiologic	  studies	  and	  then	  examines	  statistical	  
methods	  for	  evaluating	  whether	  an	  association	  is	  real	  or	  due	  to	  sampling	  error.	  
The	  strength	  of	  an	  association	  between	  exposure	  and	  disease	  can	  be	  stated	  as	  
a	  relative	  risk,	  an	  odds	  ratio,	  or	  an	  attributable	  risk	  (often	  abbreviated	  as	  “RR,”	  
“OR,”	  and	  “AR,”	  respectively).	  Each	  of	  these	  measurements	  of	  association	  
examines	  the	  degree	  to	  which	  the	  risk	  of	  disease	  increases	  when	  individuals	  are	  
exposed	  to	  an	  agent.	  
	  
	  
A.	  Relative	  Risk	  
A	  commonly	  used	  approach	  for	  expressing	  the	  association	  between	  an	  agent	  and	  
disease	  is	  relative	  risk	  (RR).	  It	  is	  defined	  as	  the	  ratio	  of	  the	  incidence	  rate	  (often	  
referred	  to	  as	  incidence)	  of	  disease	  in	  exposed	  individuals	  to	  the	  incidence	  rate	  
in	  unexposed	  individuals:	  
Relative	  Risk	  (RR)	  =	  Incidence	  rate	  in	  the	  exposed	  
Incidence	  rate	  in	  the	  unexposed	  
The	  incidence	  rate	  of	  disease	  reflects	  the	  number	  of	  cases	  of	  disease	  that	  
develop	  during	  a	  specified	  period	  of	  time	  divided	  by	  the	  number	  of	  persons	  in	  
the	  cohort	  under	  study.	  43	  Thus,	  the	  incidence	  rate	  expresses	  the	  risk	  that	  a	  
42.	  A	  negative	  association	  implies	  that	  the	  agent	  has	  a	  protective	  or	  curative	  effect.	  Because	  the	  
concern	  in	  toxic	  substances	  litigation	  is	  whether	  an	  agent	  caused	  disease,	  this	  reference	  guide	  focuses	  on	  
positive	  associations.	  
	  
	  
�	  The	  relative	  risk	  is	  calculated	  as	  the	  incidence	  rate	  in	  the	  exposed	  group	  
(0.4)	  divided	  by	  the	  incidence	  rate	  in	  the	  unexposed	  group	  (0.1),	  or	  4.0.	  
A	  relative	  risk	  of	  4.0	  indicates	  that	  the	  risk	  of	  disease	  in	  the	  exposed	  group	  is	  four	  



times	  as	  high	  as	  the	  risk	  of	  disease	  in	  the	  unexposed	  group.	  44	  
In	  general,	  the	  relative	  risk	  can	  be	  interpreted	  as	  follows:	  
�	  If	  the	  relative	  risk	  equals	  1.0,	  the	  risk	  in	  exposed	  individuals	  is	  the	  same	  as	  
the	  risk	  in	  unexposed	  individuals.	  There	  is	  no	  association	  between	  exposure	  
to	  the	  agent	  and	  disease.	  
�	  If	  the	  relative	  risk	  is	  greater	  than	  1.0,	  the	  risk	  in	  exposed	  individuals	  is	  
greater	  than	  the	  risk	  in	  unexposed	  individuals.	  There	  is	  a	  positive	  associa-‐	  
tion	  between	  exposure	  to	  the	  agent	  and	  the	  disease,	  which	  could	  be	  causal.	  
�	  If	  the	  relative	  risk	  is	  less	  than	  1.0,	  the	  risk	  in	  exposed	  individuals	  is	  less	  than	  
the	  risk	  in	  unexposed	  individuals.	  There	  is	  a	  negative	  association,	  which	  
could	  reflect	  a	  protective	  or	  curative	  effect	  of	  the	  agent	  on	  risk	  of	  disease.	  
For	  example,	  immunizations	  lower	  the	  risk	  of	  disease.	  The	  results	  suggest	  
that	  immunization	  is	  associated	  with	  a	  decrease	  in	  disease	  and	  may	  have	  a	  
protective	  effect	  on	  the	  risk	  of	  disease.	  
Although	  relative	  risk	  is	  a	  straightforward	  concept,	  care	  must	  be	  taken	  in	  
interpreting	  it.	  Researchers	  should	  scrutinize	  their	  results	  for	  error.	  Error	  in	  the	  
design	  of	  a	  study	  could	  yield	  an	  incorrect	  relative	  risk.	  Sources	  of	  bias	  and	  con-‐	  
founding	  should	  be	  examined.	  45	  Whenever	  an	  association	  is	  uncovered,	  further	  
analysis	  should	  be	  conducted	  to	  determine	  if	  the	  association	  is	  real	  or	  due	  to	  an	  
error	  or	  bias.	  Similarly,	  a	  study	  that	  does	  not	  find	  an	  association	  between	  an	  
agent	  and	  disease	  may	  be	  erroneous	  because	  of	  bias	  or	  random	  error.	  
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2.	  False	  negative	  error	  
False	  positives	  can	  be	  reduced	  by	  adopting	  more	  stringent	  values	  for	  alpha.	  Us-‐	  
ing	  a	  level	  of	  .01	  or	  .001	  will	  result	  in	  fewer	  false	  positives	  than	  using	  an	  alpha	  of	  
.05.	  The	  trade-‐off	  for	  reducing	  false	  positives	  is	  an	  increase	  in	  false	  negative	  
errors	  (also	  called	  beta	  errors	  or	  type	  II	  errors).	  This	  concept	  reflects	  the	  possibil-‐	  
ity	  that	  a	  study	  will	  be	  interpreted	  not	  to	  disprove	  the	  null	  hypothesis	  when	  in	  
fact	  there	  is	  a	  true	  association	  of	  a	  specified	  magnitude.	  77	  The	  beta	  for	  any	  study	  
can	  be	  calculated	  only	  based	  on	  a	  specific	  alternative	  hypothesis	  about	  a	  given	  
positive	  relative	  risk	  and	  a	  specific	  level	  of	  alpha	  selected;	  78	  that	  is,	  beta,	  or	  the	  
likelihood	  of	  erroneously	  failing	  to	  reject	  the	  null	  hypothesis,	  depends	  on	  the	  
selection	  of	  an	  alternative	  hypothesis	  about	  the	  magnitude	  of	  association	  and	  the	  
level	  of	  alpha	  chosen.	  
3.	  Power	  
When	  a	  study	  fails	  to	  find	  a	  statistically	  significant	  association,	  an	  important	  
question	  is	  whether	  the	  result	  tends	  to	  exonerate	  the	  agent’s	  toxicity	  or	  is	  essen-‐	  
tially	  inconclusive	  with	  regard	  to	  toxicity.	  The	  concept	  of	  power	  can	  be	  helpful	  
in	  evaluating	  whether	  a	  study’s	  outcome	  is	  exonerative	  or	  inconclusive.	  79	  
The	  power	  of	  a	  study	  expresses	  the	  probability	  of	  finding	  a	  statistically	  signifi-‐	  
cant	  association	  of	  a	  given	  magnitude	  (if	  it	  exists)	  in	  light	  of	  the	  sample	  sizes	  used	  
in	  the	  study.	  The	  power	  of	  a	  study	  depends	  on	  several	  factors:	  the	  sample	  size;	  
the	  level	  of	  alpha,	  or	  statistical	  significance,	  specified;	  the	  background	  incidence	  
of	  disease;	  and	  the	  specified	  relative	  risk	  that	  the	  researcher	  would	  like	  to	  de-‐	  
tect.	  80	  Power	  curves	  can	  be	  constructed	  that	  show	  the	  likelihood	  of	  finding	  any	  
given	  relative	  risk	  in	  light	  of	  these	  factors.	  Often	  power	  curves	  are	  used	  in	  the	  
design	  of	  a	  study	  to	  determine	  what	  size	  the	  study	  populations	  should	  be.	  81	  
The	  power	  of	  a	  study	  is	  the	  complement	  of	  beta	  (1	  –	  _).	  Thus,	  a	  study	  with	  
a	  likelihood	  of	  .25	  of	  failing	  to	  detect	  a	  true	  relative	  risk	  of	  2.0	  82	  or	  greater	  has	  a	  
power	  of	  .75.	  This	  means	  the	  study	  has	  a	  75%	  chance	  of	  detecting	  a	  true	  relative	  
risk	  of	  2.0.	  If	  the	  power	  of	  a	  negative	  study	  to	  find	  a	  relative	  risk	  of	  2.0	  or	  greater	  



control	  groups	  in	  different	  studies	  in	  which	  some	  gave	  the	  controls	  a	  placebo	  and	  others	  gave	  the	  
controls	  an	  alternative	  treatment),	  cert.	  denied,	  510	  U.S.	  914	  (1993).	  
	  
82.	  We	  use	  a	  relative	  risk	  of	  2.0	  for	  illustrative	  purposes	  because	  of	  the	  legal	  significance	  some	  
courts	  have	  attributed	  to	  this	  magnitude	  of	  association.	  See	  infra	  §	  VII.	  
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V.	  General	  Causation:	  Is	  an	  Exposure	  a	  Cause	  of	  
the	  Disease?	  
Once	  an	  association	  has	  been	  found	  between	  exposure	  to	  an	  agent	  and	  develop-‐	  
ment	  of	  a	  disease,	  researchers	  consider	  whether	  the	  association	  reflects	  a	  true	  
cause–effect	  relationship.	  When	  epidemiologists	  evaluate	  whether	  a	  cause–ef-‐	  
fect	  relationship	  exists	  between	  an	  agent	  and	  disease,	  they	  are	  using	  the	  term	  
causation	  in	  a	  way	  similar	  to,	  but	  not	  identical	  with,	  the	  way	  the	  familiar	  “but	  
for,”	  or	  sine	  qua	  non,	  test	  is	  used	  in	  law	  for	  cause	  in	  fact.	  “An	  act	  or	  an	  omission	  
is	  not	  regarded	  as	  a	  cause	  of	  an	  event	  if	  the	  particular	  event	  would	  have	  occurred	  
without	  it.”107	  This	  is	  equivalent	  to	  describing	  the	  act	  or	  occurrence	  as	  a	  neces-‐	  
sary	  link	  in	  a	  chain	  of	  events	  that	  results	  in	  the	  particular	  event.	  108	  Epidemiolo-‐	  
gists	  use	  causation	  to	  mean	  that	  an	  increase	  in	  the	  incidence	  of	  disease	  among	  
the	  exposed	  subjects	  would	  not	  have	  occurred	  had	  they	  not	  been	  exposed	  to	  the	  
agent.	  Thus,	  exposure	  is	  a	  necessary	  condition	  for	  the	  increase	  in	  the	  incidence	  
of	  disease	  among	  those	  exposed.	  109	  The	  relationship	  between	  the	  epidemiologic	  
concept	  of	  cause	  and	  the	  legal	  question	  of	  whether	  exposure	  to	  an	  agent	  caused	  
an	  individual’s	  disease	  is	  addressed	  in	  section	  VII.	  
As	  mentioned	  in	  section	  I,	  epidemiology	  cannot	  objectively	  prove	  causation;	  
rather,	  causation	  is	  a	  judgment	  for	  epidemiologists	  and	  others	  interpreting	  the	  
epidemiologic	  data.	  Moreover,	  scientific	  determinations	  of	  causation	  are	  inher-‐	  
ently	  tentative.	  The	  scientific	  enterprise	  must	  always	  remain	  open	  to	  reassessing	  
the	  validity	  of	  past	  judgments	  as	  new	  evidence	  develops.	  
In	  assessing	  causation,	  researchers	  first	  look	  for	  alternative	  explanations	  for	  
the	  association,	  such	  as	  bias	  or	  confounding	  factors,	  which	  were	  discussed	  in	  
section	  IV.	  Once	  this	  process	  is	  completed,	  researchers	  consider	  how	  guidelines	  
	  
Reference	  Guide	  on	  Epidemiology	  
375	  
for	  inferring	  causation	  from	  an	  association	  apply	  to	  the	  available	  evidence.	  These	  
guidelines	  consist	  of	  several	  key	  inquiries	  that	  assist	  researchers	  in	  making	  a	  
judgment	  about	  causation.	  110	  Most	  researchers	  are	  conservative	  when	  it	  comes	  
to	  assessing	  causal	  relationships,	  often	  calling	  for	  stronger	  evidence	  and	  more	  
research	  before	  a	  conclusion	  of	  causation	  is	  drawn.	  111	  
The	  factors	  that	  guide	  epidemiologists	  in	  making	  judgments	  about	  causation	  
are	  
1.	  temporal	  relationship;	  
2.	  strength	  of	  the	  association;	  
3.	  dose–response	  relationship;	  
4.	  replication	  of	  the	  findings;	  
5.	  biological	  plausibility	  (coherence	  with	  existing	  knowledge);	  
6.	  consideration	  of	  alternative	  explanations;	  
7.	  cessation	  of	  exposure;	  
8.	  specificity	  of	  the	  association;	  and	  
9.	  consistency	  with	  other	  knowledge.	  
	  
There	  is	  no	  formula	  or	  algorithm	  that	  can	  be	  used	  to	  assess	  whether	  a	  causal	  
inference	  is	  appropriate	  based	  on	  these	  guidelines.	  One	  or	  more	  factors	  may	  be	  



absent	  even	  when	  a	  true	  causal	  relationship	  exists.	  Similarly,	  the	  existence	  of	  
some	  factors	  does	  not	  ensure	  that	  a	  causal	  relationship	  exists.	  Drawing	  causal	  
inferences	  after	  finding	  an	  association	  and	  considering	  these	  factors	  requires	  judg-‐	  
ment	  and	  searching	  analysis,	  based	  on	  biology,	  of	  why	  a	  factor	  or	  factors	  may	  be	  
absent	  despite	  a	  causal	  relationship,	  and	  vice-‐versa.	  While	  the	  drawing	  of	  causal	  
inferences	  is	  informed	  by	  scientific	  expertise,	  it	  is	  not	  a	  determination	  that	  is	  
made	  by	  using	  scientific	  methodology.	  
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These	  guidelines	  reflect	  criteria	  proposed	  by	  the	  U.S.	  Surgeon	  General	  in	  
1964	  112	  in	  assessing	  the	  relationship	  between	  smoking	  and	  lung	  cancer	  and	  ex-‐	  
panded	  upon	  by	  A.	  Bradford	  Hill	  in	  1965.	  113	  
A.	  Is	  There	  a	  Temporal	  Relationship?	  
A	  temporal,	  or	  chronological,	  relationship	  must	  exist	  for	  causation.	  If	  an	  expo-‐	  
sure	  causes	  disease,	  the	  exposure	  must	  occur	  before	  the	  disease	  develops.	  114	  If	  
the	  exposure	  occurs	  after	  the	  disease	  develops,	  it	  cannot	  cause	  the	  disease.	  Al-‐	  
though	  temporal	  relationship	  is	  often	  listed	  as	  one	  of	  many	  factors	  in	  assessing	  
whether	  an	  inference	  of	  causation	  is	  justified,	  it	  is	  a	  necessary	  factor:	  Without	  
exposure	  before	  disease,	  causation	  cannot	  exist.	  
B.	  How	  Strong	  Is	  the	  Association	  Between	  the	  Exposure	  and	  
Disease?	  115	  
The	  relative	  risk	  is	  one	  of	  the	  cornerstones	  for	  causal	  inferences.	  116	  Relative	  risk	  
measures	  the	  strength	  of	  the	  association.	  The	  higher	  the	  relative	  risk,	  the	  greater	  
the	  likelihood	  that	  the	  relationship	  is	  causal.	  117	  For	  cigarette	  smoking,	  for	  ex-‐	  
ample,	  the	  estimated	  relative	  risk	  for	  lung	  cancer	  is	  very	  high,	  about	  10.	  118	  That	  
is,	  the	  risk	  of	  lung	  cancer	  in	  smokers	  is	  approximately	  ten	  times	  the	  risk	  in	  
nonsmokers.	  
A	  relative	  risk	  of	  10,	  as	  seen	  with	  smoking	  and	  lung	  cancer,	  is	  so	  high	  that	  it	  
is	  extremely	  difficult	  to	  imagine	  any	  bias	  or	  confounding	  factor	  that	  might	  ac-‐	  
count	  for	  it.	  The	  higher	  the	  relative	  risk,	  the	  stronger	  the	  association	  and	  the	  
lower	  the	  chance	  that	  the	  effect	  is	  spurious.	  Although	  lower	  relative	  risks	  can	  
	  
	  
115.	  Assuming	  that	  an	  association	  is	  determined	  to	  be	  causal,	  the	  strength	  of	  the	  association	  plays	  an	  
important	  role	  legally	  in	  determining	  the	  specific	  causation	  question—whether	  the	  agent	  caused	  an	  
individual	  plaintiff’s	  injury.	  See	  infra	  §	  VII.	  
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reflect	  causality,	  the	  epidemiologist	  will	  scrutinize	  such	  associations	  more	  closely	  
because	  there	  is	  a	  greater	  chance	  that	  they	  are	  the	  result	  of	  uncontrolled	  con-‐	  
founding	  or	  biases.	  
	  
	  
C.	  Is	  There	  a	  Dose–Response	  Relationship?	  
A	  dose–response	  relationship	  means	  that	  the	  more	  intense	  the	  exposure,	  the	  
greater	  the	  risk	  of	  disease.	  Generally,	  higher	  exposures	  should	  increase	  the	  inci-‐	  
dence	  (or	  severity)	  of	  disease.	  However,	  some	  causal	  agents	  do	  not	  exhibit	  a	  
dose–response	  relationship	  when,	  for	  example,	  there	  is	  a	  threshold	  phenom-‐	  
enon	  (i.e.,	  an	  exposure	  may	  not	  cause	  disease	  until	  the	  exposure	  exceeds	  a	  cer-‐	  
tain	  dose).	  119	  Thus,	  a	  dose–response	  relationship	  is	  strong,	  but	  not	  essential,	  
evidence	  that	  the	  relationship	  between	  an	  agent	  and	  disease	  is	  causal.	  
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VII.	  What	  Role	  Does	  Epidemiology	  Play	  in	  
Proving	  Specific	  Causation?	  
Epidemiology	  is	  concerned	  with	  the	  incidence	  of	  disease	  in	  populations	  and	  
does	  not	  address	  the	  question	  of	  the	  cause	  of	  an	  individual’s	  disease.	  128	  This	  
question,	  sometimes	  referred	  to	  as	  specific	  causation,	  is	  beyond	  the	  domain	  of	  
the	  science	  of	  epidemiology.	  Epidemiology	  has	  its	  limits	  at	  the	  point	  where	  an	  
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inference	  is	  made	  that	  the	  relationship	  between	  an	  agent	  and	  a	  disease	  is	  causal	  
(general	  causation)	  and	  where	  the	  magnitude	  of	  excess	  risk	  attributed	  to	  the	  
agent	  has	  been	  determined;	  that	  is,	  epidemiology	  addresses	  whether	  an	  agent	  
can	  cause	  a	  disease,	  not	  whether	  an	  agent	  did	  cause	  a	  specific	  plaintiff’s	  dis-‐	  
ease.	  129	  
Nevertheless,	  the	  specific	  causation	  issue	  is	  a	  necessary	  legal	  element	  in	  a	  
toxic	  substance	  case.	  The	  plaintiff	  must	  establish	  not	  only	  that	  the	  defendant’s	  
agent	  is	  capable	  of	  causing	  disease	  but	  also	  that	  it	  did	  cause	  the	  plaintiff’s	  disease.	  
Thus,	  a	  number	  of	  courts	  have	  confronted	  the	  legal	  question	  of	  what	  is	  accept-‐	  
able	  proof	  of	  specific	  causation	  and	  the	  role	  that	  epidemiologic	  evidence	  plays	  in	  
answering	  that	  question.	  130	  This	  question	  is	  not	  a	  question	  that	  is	  addressed	  by	  
epidemiology.	  131	  Rather,	  it	  is	  a	  legal	  question	  a	  number	  of	  courts	  have	  grappled	  
with.	  An	  explanation	  of	  how	  these	  courts	  have	  resolved	  this	  question	  follows.	  
The	  remainder	  of	  this	  section	  should	  be	  understood	  as	  an	  explanation	  of	  judicial	  
opinions,	  not	  as	  epidemiology.	  
Before	  proceeding,	  one	  last	  caveat	  is	  in	  order.	  This	  section	  assumes	  that	  epi-‐	  
demiologic	  evidence	  has	  been	  used	  as	  proof	  of	  causation	  for	  a	  given	  plaintiff.	  
The	  discussion	  does	  not	  address	  whether	  a	  plaintiff	  must	  use	  epidemiologic	  evi-‐	  
dence	  to	  prove	  causation.	  132	  
Two	  legal	  issues	  arise	  with	  regard	  to	  the	  role	  of	  epidemiology	  in	  proving	  
individual	  causation:	  admissibility	  and	  sufficiency	  of	  evidence	  to	  meet	  the	  bur-‐	  
den	  of	  production.	  The	  first	  issue	  tends	  to	  receive	  less	  attention	  by	  the	  courts	  
but	  nevertheless	  deserves	  mention.	  An	  epidemiologic	  study	  that	  is	  sufficiently	  
rigorous	  to	  justify	  a	  conclusion	  that	  it	  is	  scientifically	  valid	  should	  be	  admis-‐	  
sible,	  133	  as	  it	  tends	  to	  make	  an	  issue	  in	  dispute	  more	  or	  less	  likely.	  134	  
129.	  Cf.	  “Agent	  Orange,”	  597	  F.	  Supp.	  at	  780.	  
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it	  is	  recognized	  as	  a	  cause	  of	  that	  disease	  in	  general.”137	  The	  following	  discussion	  
should	  be	  read	  with	  this	  caveat	  in	  mind.	  138	  
The	  threshold	  for	  concluding	  that	  an	  agent	  was	  more	  likely	  than	  not	  the	  
cause	  of	  an	  individual’s	  disease	  is	  a	  relative	  risk	  greater	  than	  2.0.	  Recall	  that	  a	  
relative	  risk	  of	  1.0	  means	  that	  the	  agent	  has	  no	  effect	  on	  the	  incidence	  of	  disease.	  
When	  the	  relative	  risk	  reaches	  2.0,	  the	  agent	  is	  responsible	  for	  an	  equal	  number	  
of	  cases	  of	  disease	  as	  all	  other	  background	  causes.	  Thus,	  a	  relative	  risk	  of	  2.0	  
(with	  certain	  qualifications	  noted	  below)	  implies	  a	  50%	  likelihood	  that	  an	  ex-‐	  
posed	  individual’s	  disease	  was	  caused	  by	  the	  agent.	  A	  relative	  risk	  greater	  than	  
2.0	  would	  permit	  an	  inference	  that	  an	  individual	  plaintiff’s	  disease	  was	  more	  
likely	  than	  not	  caused	  by	  the	  implicated	  agent.	  139	  A	  substantial	  number	  of	  courts	  
in	  a	  variety	  of	  toxic	  substances	  cases	  have	  accepted	  this	  reasoning.	  140	  



also	  Steve	  Gold,	  Note,	  Causation	  in	  Toxic	  Torts:	  Burdens	  of	  Proof,	  Standards	  of	  Persuasion	  and	  Statistical	  
	  
138.	  We	  emphasize	  this	  caveat,	  both	  because	  it	  is	  not	  intuitive	  and	  because	  some	  courts	  have	  failed	  
to	  appreciate	  the	  difference	  between	  an	  association	  and	  a	  causal	  relationship.	  See,	  e.g.,	  Forsyth	  v.	  Eli	  
Lilly	  &	  Co.,	  Civ.	  No.	  95-‐00185	  ACK,	  1998	  U.S.	  Dist.	  LEXIS	  541,	  at	  *26–*31	  (D.	  Haw.	  Jan.	  5,	  1998).	  
But	  see	  Berry	  v.	  CSX	  Transp.,	  Inc.,	  709	  So.	  2d	  552,	  568	  (Fla.	  Dist.	  Ct.	  App.	  1998)	  (“From	  epidemio-‐	  
logical	  studies	  demonstrating	  an	  association,	  an	  epidemiologist	  may	  or	  may	  not	  infer	  that	  a	  causal	  rela-‐	  
tionship	  exists.”).	  
139.	  See	  Davies	  v.	  Datapoint	  Corp.,	  No.	  94-‐56-‐P-‐DMC,	  1995	  U.S.	  Dist.	  LEXIS	  21739,	  at	  *32–	  
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V. General Causation: Is an Exposure a 
Cause of the Disease? 

Once an association has been found between exposure to an agent and 
development of a disease, researchers consider whether the association reflects a 
true cause–effect relationship. When epidemiologists evaluate whether a cause–
effect relationship exists between an agent and disease, they are using the term 
causation in a way similar to, but not identical to, the way that the familiar 
“but for,” or sine qua non, test is used in law for cause in fact. “Conduct is a 
factual cause of 

 
 
 
 

135. For a more complete discussion of multivariate  analysis, see Daniel L. Rubinfeld, Reference 
Guide on Multiple Regression, in this manual. 
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[harm] when the harm would not have occurred absent the conduct.”136  This is 
equivalent to describing the conduct as a necessary link in a chain of events that 
results in the particular event.137 Epidemiologists use causation to mean that an 
increase in the incidence of disease among the exposed subjects would not have 
occurred had they not been exposed to the agent.138 Thus, exposure is a necessary 
condition for the increase in the incidence of disease among those exposed.139 

The relationship between the epidemiologic concept of cause and the legal ques- 
tion of whether exposure to an agent caused an individual’s disease is addressed 
in Section VII. 

As mentioned in Section I, epidemiology cannot prove causation; rather, cau- 
sation is a judgment for epidemiologists and others interpreting the epidemiologic 
data.140 Moreover, scientific determinations of causation are inherently tentative. 
The scientific enterprise must always remain open to reassessing the validity of 
past judgments as new evidence develops. 

In assessing causation,  researchers first look for alternative explanations for the 
association, such as bias or confounding factors, which are discussed in Section 
IV, supra.  Once  this process is completed, researchers consider how guidelines 
for inferring causation from an association apply to the available evidence. We 
emphasize that these guidelines are employed only after a study finds an association 

 
 
 

136. Restatement (Third) of Torts: Liability for Physical and Emotional Harm § 26 (2010); 
see also Dan B. Dobbs, The Law of Torts § 168, at 409–11 (2000). When multiple causes are each 
operating and capable of causing an event, the but-for, or necessary-condition, concept for causation 
is problematic. This is the familiar “two-fires” scenario in which two independent fires simultaneously 
burn down a house and is sometimes  referred to as overdetermined outcomes. Neither fire is a but-for, 
or necessary condition, for the destruction of the house, because either fire would have destroyed the 
house. See Restatement (Third) of Torts: Liability for Physical and Emotional Harm § 28 (2010). This 
two-fires situation is analogous to an individual being exposed to two agents, each of which is capable 
of causing the disease contracted by the individual. See Basko v. Sterling Drug, Inc., 416 F.2d 417 
(2d Cir. 1969). A difference between the disease scenario and the fire scenario is that, in the former, 
one will have no more than a probabilistic assessment of whether each of the exposures would have 
caused the disease in the individual. 

137. See supra note 7; see also Restatement (Third) of Torts: Liability for Physical and Emotional 
Harm § 26 cmt. c (2010) (employing a “causal set” model to explain multiple elements, each of which 
is required for an outcome). 

138. “The imputed causal association is at the group level, and does not indicate the cause of 
disease in individual subjects.” Bruce G. Charlton, Attribution  of Causation  in Epidemiology: Chain or 
Mosaic? 49 J. Clin. Epidemiology 105, 105 (1999). 

139. See Rothman et al., supra note 61, at 8 (“We can define a cause of a specific disease event as 
an antecedent event, condition, or characteristic that was necessary for the occurrence of the disease at 
the moment it occurred, given that other conditions are fixed.”); Allen v. United States, 588 F. Supp. 
247, 405 (D. Utah 1984) (quoting a physician on the meaning of the statement that radiation causes 
cancer), rev’d on other grounds, 816 F.2d 1417 (10th Cir. 1987). 

140. Restatement (Third) of Torts: Liability for Physical and Emotional Harm § 28 cmt. c (2010) 
(“[A]n evaluation of data and scientific evidence to determine whether an inference of causation is 
appropriate requires judgment and interpretation.”). 
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to determine whether that association reflects a true causal relationship.141 These 
guidelines consist of several key inquiries that assist researchers  in making a judg- 
ment about causation.142  Generally, researchers are conservative when it comes to 
assessing causal relationships,  often calling for stronger evidence and more research 
before a conclusion of causation is drawn.143 

The factors that guide epidemiologists in making judgments about causation 
(and there is no threshold number that must exist) are144 

 
 
 
 

141. In a number of cases, experts attempted to use these guidelines to support the existence of 
causation in the absence of any epidemiologic studies finding an association. See, e.g., Rains v. PPG 
Indus., Inc., 361 F. Supp. 2d 829, 836–37 (S.D. Ill. 2004) (explaining Hill criteria and proceeding to 
apply them even though there was no epidemiologic study that found an association); Soldo v. Sandoz 
Pharms. Corp., 244 F. Supp. 2d 434, 460–61 (W.D. Pa. 2003). There may be some logic to that effort, 
but it does not reflect accepted epidemiologic methodology. See In re  Fosamax Prods. Liab. Litig., 
645 F. Supp. 2d 164, 187–88 (S.D.N.Y. 2009); Dunn v. Sandoz Pharms. Corp., 275 F. Supp. 2d 672, 
678–79 (M.D.N.C.  2003) (“The greater weight of authority supports Sandoz’ assertion that [use of] 
the Bradford Hill criteria is a method for determining whether the results of an epidemiologic study 
can be said to demonstrate causation and not a method for testing an unproven hypothesis.”); Soldo, 
244 F. Supp. 2d at 514 (the Hill criteria “were developed as a mean[s] of interpreting an established 
association based on a body of epidemiologic research for the purpose of trying to judge whether the 
observed association reflects a causal relation between an exposure and disease.” (quoting report of 
court-appointed expert)). 

142. See Mervyn Susser, Causal Thinking in the Health Sciences: Concepts and Strategies in 
Epidemiology (1973); Gannon v. United States, 571 F. Supp. 2d 615, 624 (E.D. Pa. 2007) (quoting 
expert who testified that the Hill criteria are “‘well-recognized’ and widely used in the science com- 
munity to assess general causation”); Chapin v. A & L Parts, Inc., 732 N.W.2d 578, 584 (Mich. Ct. 
App. 2007) (expert testified that Hill criteria are the most well-utilized method for determining if an 
association is causal). 

143. Berry v. CSX Transp., Inc., 709 So. 2d 552, 568 n.12 (Fla. Dist. Ct. App. 1998) (“Almost 
all genres of research articles in the medical and behavioral sciences conclude their discussion with 
qualifying statements such as ‘there is still much to be learned.’ This is not, as might be assumed, 
an expression of ignorance, but rather an expression that all scientific fields are open-ended and can 
progress from their present state. . . .”); Hall v. Baxter Healthcare Corp., 947 F. Supp. 1387 app. 
B. at 1446–51 (D. Or. 1996) (report of Merwyn R. Greenlick, court-appointed epidemiologist). In 
Cadarian v. Merrell Dow Pharmaceuticals, Inc., 745 F. Supp. 409 (E.D. Mich. 1989), the court refused 
to permit an expert to rely on a study that the authors had concluded should not be used to sup- 
port an inference of causation in the absence of independent confirmatory studies. The court did 
not address the question whether the degree of certainty used by epidemiologists before making a 
conclusion of cause was consistent with the legal standard. See DeLuca v. Merrell Dow Pharms., 
Inc., 911 F.2d 941, 957 (3d Cir. 1990) (standard of proof for scientific community is not necessarily 
appropriate standard for expert opinion in civil litigation); Wells v. Ortho  Pharm. Corp., 788 F.2d 
741, 745 (11th Cir. 1986). 

144. See Cook v. Rockwell Int’l Corp., 580 F. Supp. 2d 1071, 1098 (D. Colo. 2006) (“Defen- 
dants cite no authority, scientific or legal, that compliance with all, or even one, of these factors 
is required. . . . The scientific consensus is, in fact, to the contrary. It identifies Defendants’ list of 
factors as some of the nine factors or lenses that guide epidemiologists in making judgments about 
causation. . . . These factors are not tests for determining the reliability of any study or the causal 
inferences drawn from it.”). 
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1. Temporal relationship, 
2. Strength of the association, 
3. Dose–response relationship, 
4. Replication of the findings, 
5. Biological plausibility (coherence with existing knowledge), 
6. Consideration of alternative explanations, 
7. Cessation of exposure, 
8. Specificity of the association, and 
9. Consistency with other knowledge. 

 
There is no formula or algorithm that can be used to assess whether a causal 

inference is appropriate based on these guidelines.145 One or more factors may 
be absent even when a true causal relationship exists.146 Similarly, the existence 
of some factors does not ensure that a causal relationship exists. Drawing causal 
inferences after finding an association and considering these factors requires judg- 
ment and searching analysis, based on biology, of why a factor or factors may be 
absent despite a causal relationship, and vice versa. Although the drawing of causal 
inferences  is informed by scientific expertise, it is not a determination that is made 
by using an objective or algorithmic methodology. 

These guidelines reflect criteria proposed by the  U.S.  Surgeon General 
in 1964147  in assessing the relationship between smoking and lung cancer and 
expanded upon by Sir Austin Bradford Hill in 1965148 and are often referred to 
as the Hill criteria or Hill factors. 

 
 
 
 
 
 
 
 
 
 

145. See Douglas L. Weed, Epidemiologic Evidence and Causal Inference, 14 Hematology/Oncology 
Clinics N. Am. 797 (2000). 

146. See Cook v. Rockwell Int’l Corp., 580 F. Supp. 2d 1071, 1098 (D. Colo. 2006) (rejecting 
argument that plaintiff failed to provide sufficient evidence of causation based on failing to meet four 
of the Hill factors). 

147. Public Health Serv., U.S. Dep’t of Health, Educ., & Welfare, Smoking and Health: Report 
of the Advisory Committee to the Surgeon General (1964); see also Centers for Disease Control and 
Prevention, U.S. Dep’t of Health & Human Servs., The Health Consequences of Smoking: A Report 
of the Surgeon General (2004). 

148. See Austin Bradford Hill, The Environment and Disease:  Association  or Causation?   58 Proc. 
Royal Soc’y Med. 295 (1965) (Hill acknowledged that his factors could only serve to assist in the infer- 
ential process: “None of my nine viewpoints can bring indisputable evidence for or against the cause- 
and-effect hypothesis and none can be required as a sine qua non.”).  For discussion of these criteria and 
their respective strengths in informing a causal inference, see Gordis, supra note 32, at 236–39; David E. 
Lilienfeld & Paul D. Stolley, Foundations of Epidemiology 263–66 (3d ed. 1994); Weed, supra note 144. 
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A. Is There a Temporal Relationship? 

 

A temporal, or chronological, relationship must exist for causation to exist. If an 
exposure causes disease, the exposure must occur before the disease develops.149  If 
the exposure occurs after the disease develops, it cannot have caused the disease. 
Although temporal relationship is often listed as one of many factors in assessing 
whether an inference of causation is justified, this aspect of a temporal relation- 
ship is a necessary factor: Without exposure before the disease, causation cannot 
exist.150 

With regard to specific causation, a subject dealt with in detail in Section VII, 
infra, there may be circumstances in which a temporal relationship supports the 
existence of a causal relationship. If the latency period between exposure and 
outcome is known,151  then exposure consistent with that information may lend 
credence to a causal relationship. This is particularly true when the latency period 
is short and competing causes are known and can be ruled out. Thus, if an indi- 
vidual suffers an acute respiratory response shortly after exposure to a suspected 
agent and other causes of that respiratory problem are known and can be ruled 
out, the temporal relationship involved supports the conclusion that a causal rela- 
tionship exists.152  Similarly, exposure outside a known latency period constitutes 
evidence, perhaps conclusive evidence, against the existence of causation.153 On 
the other hand, when latency periods are lengthy, variable, or not known and a 

 
 
 
 
 

149. See Carroll v. Litton Sys., Inc., No. B-C-88-253,  1990 U.S. Dist. LEXIS 16833, at *29 
(W.D.N.C.  1990) (“[I]t is essential for . . . [the plaintiffs’ medical experts opining on causation] to 
know that exposure preceded plaintiffs’ alleged symptoms in order for the exposure to be considered 
as a possible cause of those symptoms. . . .”). 

150. Exposure during the disease initiation process may cause the disease to be more severe than 
it otherwise would have been without the additional dose. 

151. When the latency period is known—or is known to be limited to a specific range of time— 
as is the case with the adverse effects of some vaccines, the time frame from exposure to manifestation 
of disease can be critical to determining causation. 

152. For courts that have relied on temporal relationships of the sort described, see Bonner v. 
ISP Technologies, Inc., 259 F.3d 924, 930–31 (8th Cir. 2001) (giving more credence to the expert’s 
opinion on causation for acute response based on temporal relationship than for chronic disease that 
plaintiff also developed); Heller v. Shaw Industries, Inc. 167 F.3d 146 (3d Cir. 1999); Westberry v. 
Gislaved Gummi AB, 178 F.3d 257 (4th Cir. 1999); Zuchowicz v. United States, 140 F.3d 381 (2d 
Cir. 1998); Creanga v. Jardal, 886 A.2d 633, 641 (N.J. 2005); Alder v. Bayer Corp., AGFA Div., 61 
P.3d 1068, 1090 (Utah 2002) (“If a bicyclist  falls and breaks his arm, causation is assumed without 
argument because of the temporal relationship between the accident and the injury [and, the court 
might have added, the absence of any plausible competing causes that might instead be responsible 
for the broken arm].”). 

153. See In re Phenylpropanolamine (PPA) Prods. Liab. Litig., 289 F. Supp. 2d 1230, 1238 (W.D. 
Wash. 2003) (determining expert testimony on causation for plaintiffs whose exposure was beyond 
known latency period was inadmissible). 
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substantial proportion of the disease is due to unknown causes, temporal relation- 
ship provides little beyond satisfying the requirement that cause precede effect.154 

 
 

B. How Strong Is the Association Between the Exposure and 
Disease?155 

The relative risk is one of the cornerstones for causal inferences.156 Relative risk 
measures the strength of the association. The higher the relative risk, the greater 
the likelihood that the relationship  is causal.157  For cigarette smoking, for example, 
the estimated relative risk for lung cancer is very high, about 10.158 That is, the 
risk of lung cancer in smokers is approximately 10 times the risk in nonsmokers. 

A relative risk of 10, as seen with smoking and lung cancer, is so high that 
it is extremely difficult to imagine any bias or confounding factor that might 
account for it. The higher the relative risk, the stronger the association and the 
lower the chance that the effect is spurious. Although lower relative risks can 
reflect causality, the epidemiologist will scrutinize such associations more closely 
because there is a greater chance that they are the result of uncontrolled con- 
founding or biases. 

 
 
 
 
 
 
 
 

154. These distinctions provide a framework for distinguishing between cases that are largely 
dismissive of temporal relationships  as supporting causation and others that find it of significant per- 
suasiveness.  Compare cases cited in note 151, supra, with Moore v. Ashland Chem. Inc., 151 F.3d 269, 
278 (5th Cir. 1998) (giving little weight to temporal relationship in a case in which there were several 
plausible competing causes that may have been responsible for the plaintiff’s disease), and Glastetter  v. 
Novartis Pharms. Corp., 252 F.3d 986, 990 (8th Cir. 2001) (giving little weight to temporal relation- 
ship in case studies involving drug and stroke). 

155. Assuming that an association  is determined to be causal, the strength of the association plays 
an important role legally in determining the specific causation question—whether the agent caused an 
individual plaintiff’s injury. See infra Section VII. 

156. See supra Section III.A. 
157. See Miller v. Pfizer, Inc., 196 F. Supp. 2d 1062, 1079 (D. Kan. 2002) (citing this refer- 

ence guide); Landrigan v. Celotex Corp., 605 A.2d 1079, 1085 (N.J. 1992). The use of the strength 
of the association  as a factor does not reflect a belief that weaker effects occur less frequently than 
stronger effects. See Green, supra note 47, at 652–53 n.39. Indeed, the apparent strength of a given 
agent is dependent on the prevalence of the other necessary elements that must occur with the agent 
to produce the disease, rather than on some inherent characteristic of the agent itself. See Rothman 
et al., supra note 61, at 9–11. 

158. See Doll & Hill, supra note 6. The relative risk of lung cancer from smoking is a function of 
intensity and duration of dose (and perhaps other factors). See Karen Leffondré et al., Modeling Smoking 
History: A Comparison  of Different  Approaches, 156 Am. J. Epidemiology 813 (2002). The relative risk 
provided in the text is based on a specified magnitude of cigarette exposure. 

 
602 



Reference Manual on Scientific Evidence: Third Edition 

Copyright © National Academy of Sciences. All rights reserved. 

 

 

 
 

Reference Guide  on Epidemiology 

 
C. Is There a Dose–Response  Relationship? 

 

A dose–response relationship means that the greater the exposure, the greater 
the risk of disease. Generally, higher exposures should increase the incidence 
(or severity) of disease.159 However, some causal agents do not exhibit a dose– 
response relationship when, for example, there is a threshold phenomenon (i.e., 
an exposure may not cause disease until the exposure exceeds a certain dose).160 

Thus, a dose–response relationship is strong, but not essential, evidence that the 
relationship between an agent and disease is causal.161 

 
 
 
 
 

159. See Newman v. Motorola, Inc., 218 F. Supp. 2d 769, 778 (D. Md. 2002) (recognizing 
importance of dose–response relationship in assessing causation). 

160. The question whether there is a no-effect threshold dose is a controversial one in a variety 
of toxic substances areas. See, e.g., Irving J. Selikoff, Disability Compensation for Asbestos-Associated 
Disease in the United States: Report to the U.S. Department of Labor 181–220 (1981); Paul Kotin, 
Dose–Response Relationships and Threshold Concepts, 271 Ann. N.Y. Acad. Sci. 22 (1976); K. Robock, 
Based on Available Data, Can We Project an Acceptable Standard  for Industrial  Use of Asbestos?  Absolutely, 
330 Ann. N.Y. Acad. Sci. 205 (1979); Ferebee v. Chevron Chem. Co., 736 F.2d 1529, 1536 (D.C. 
Cir. 1984) (dose–response relationship for low doses is “one of the most sharply contested questions 
currently being debated in the medical community”); In re TMI Litig. Consol. Proc., 927 F. Supp. 
834, 844–45 (M.D. Pa. 1996) (discussing low-dose extrapolation and no-dose effects for radiation 
exposure). 

Moreover, good evidence to support or refute the threshold-dose hypothesis is exceedingly 
unlikely because of the inability of epidemiology or animal toxicology to ascertain very small effects. 
Cf. Arnold L. Brown, The Meaning  of Risk Assessment, 37 Oncology 302, 303 (1980). Even the shape 
of the dose–response curve—whether linear or curvilinear, and if the latter, the shape of the curve—is 
a matter of hypothesis and speculation.  See Allen v. United States, 588 F. Supp. 247, 419–24 (D. Utah 
1984), rev’d on other grounds,  816 F.2d 1417 (10th Cir. 1987); In re  Bextra & Celebrex Mktg. Sales 
Practices & Prod. Liab. Litig., 524 F. Supp. 2d 1166, 1180 (N.D. Cal. 2007) (criticizing expert for 
“primitive” extrapolation of risk based on assumption of linear relationship of risk to dose); Troyen 
A. Brennan & Robert  F. Carter, Legal and Scientific Probability of Causation  for Cancer and Other  Envi- 
ronmental Disease in Individuals, 10 J. Health Pol’y & L. 33, 43–44 (1985). 

The idea that the “dose makes the poison” is a central tenet of toxicology and attributed to 
Paracelsus, in the sixteenth century. See Bernard D. Goldstein & Mary Sue Henifin, Reference Guide 
on Toxicology, Section I.A, in this manual. It does not mean that any agent is capable of causing any 
disease if an individual is exposed to a sufficient dose. Agents tend to have specific effects,  see infra 
Section V.H., and this dictum reflects only the idea that there is a safe dose below which an agent 
does not cause any toxic effect. See Michael A Gallo, History  and Scope of Toxicology,  in Casarett and 
Doull’s Toxicology: The Basic Science of Poisons 1, 4–5 (Curtis D. Klaassen ed., 7th ed. 2008). For a 
case in which a party made such a mistaken interpretation of Paracelsus, see Alder v. Bayer Corp., 
AGFA Div., 61 P.3d 1068, 1088 (Utah 2002). Paracelsus was also responsible for the initial articulation 
of the specificity tenet. See infra Section V.H. 

161. Evidence of a dose–response relationship as bearing on whether an inference of general 
causation is justified is analytically distinct from determining whether evidence of the dose to which 
a  plaintiff was exposed is required in order to establish specific causation. On the latter matter, see 
infra Section VII; Restatement (Third) of Torts: Liability for Physical and Emotional Harm § 28 cmt. 
c(2) & rptrs. note (2010). 

 
603 



Reference Manual on Scientific Evidence: Third Edition 

Copyright © National Academy of Sciences. All rights reserved. 

 

 

 
 

Reference Manual  on Scientific Evidence 

 
D. Have the Results Been Replicated? 

 

Rarely, if ever, does a single study persuasively demonstrate a cause–effect rela- 
tionship.162 It is important that a study be replicated in different populations and 
by different investigators before a causal relationship is accepted by epidemiologists 
and other scientists.163 

The need to replicate research findings permeates most fields of science. In 
epidemiology, research findings often are replicated in different populations.164 

Consistency in these findings is an important factor in making a judgment about 
causation. Different studies that examine the same exposure–disease relationship 
generally should yield similar results. Although inconsistent results do not neces- 
sarily rule out a causal nexus, any inconsistencies signal a need to explore whether 
different results can be reconciled with causality. 

 
 

E. Is the Association Biologically Plausible (Consistent  with 
Existing Knowledge)?165 

 

Biological plausibility is not an easy criterion to use and depends upon existing 
knowledge about the mechanisms by which the disease develops. When biologi- 
cal plausibility exists, it lends credence to an inference of causality. For example, 
the conclusion that high cholesterol is a cause of coronary heart disease is plausi- 
ble because cholesterol  is found in atherosclerotic plaques. However, observations 
have been made in epidemiologic studies that were not biologically plausible at 
the time but subsequently were shown to be correct.166 When an observation is 
inconsistent with current biological knowledge, it should not be discarded, but 

 
 
 

162. In Kehm v. Procter & Gamble Co., 580 F. Supp. 890, 901 (N.D. Iowa 1982), aff’d, 724 F.2d 
613 (8th Cir. 1983), the court remarked on the persuasive power of multiple independent studies, each 
of which reached the same finding of an association between toxic shock syndrome and tampon use. 

163. This may not be the legal standard, however. Cf. Smith v. Wyeth-Ayerst Labs. Co., 278 
F. Supp. 2d 684, 710 n.55 (W.D.N.C.  2003) (observing that replication is difficult to establish when 
there is only one study that has been performed at the time of trial). 

164. See Cadarian v. Merrell Dow Pharms., Inc., 745 F. Supp. 409, 412 (E.D. Mich. 1989) 
(holding a study on Bendectin insufficient to support an expert’s opinion, because “the study’s authors 
themselves concluded that the results could not be interpreted without independent confirmatory 
evidence”). 

165. A number of courts have adverted to this criterion in the course of their discussions of 
causation in toxic substances cases. E.g., In re Phenylpropanolamine (PPA) Prods. Liab. Litig., 289 F. 
Supp. 2d 1230, 1247–48 (W.D. Wash. 2003); Cook v. United States, 545 F. Supp. 306, 314–15 (N.D. 
Cal. 1982) (discussing biological implausibility of a two-peak increase of disease when plotted against 
time); Landrigan v. Celotex Corp., 605 A.2d 1079, 1085–86 (N.J. 1992) (discussing the existence vel 
non of biological  plausibility);  see also Bernard D. Goldstein & Mary Sue Henifin, Reference Guide 
on Toxicology, Section III.E, in this manual. 

166. See In re  Rezulin Prods. Liab. Litig., 369 F. Supp. 2d 398, 405 (S.D.N.Y. 2005); In re 
Phenylpropanolamine (PPA) Prods. Liab. Litig., 289 F. Supp. 2d 1230, 1247 (W.D. Wash. 2003). 
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the observation should be confirmed before significance is attached to it. The 
saliency of this factor varies depending on the extent of scientific knowledge 
about the cellular and subcellular mechanisms through which the disease process 
works. The mechanisms of some diseases are understood quite well based on the 
available evidence, including from toxicologic research, whereas other mecha- 
nism explanations are merely hypothesized—although hypotheses are sometimes 
accepted under this factor.167 

 
 

F. Have Alternative Explanations Been Considered? 
 

The importance of considering the possibility of bias and confounding and ruling 
out the possibilities is discussed above.168 

 
 

G. What Is the Effect of Ceasing Exposure? 
 

If an agent is a cause of a disease, then  one  would expect that cessation of 
exposure to that agent ordinarily would reduce the risk of the disease. This has 
been the case, for example, with cigarette smoking and lung cancer. In many 
situations, however, relevant data are simply not available regarding the possible 
effects of ending the exposure. But when such data are available and eliminating 
exposure reduces the incidence of disease, this factor strongly supports a causal 
relationship. 

 
 

H. Does the Association Exhibit  Specificity? 
 

An association exhibits specificity if the exposure is associated only with a single 
disease or type of disease.169 The vast majority of agents do not cause a wide vari- 

 
 
 

167. See Douglas L. Weed & Stephen D. Hursting, Biologic Plausibility in Causal  Inference: Current 
Methods  and Practice, 147 Am. J. Epidemiology 415 (1998) (examining use of this criterion in contem- 
porary epidemiologic research and distinguishing between alternative explanations of what constitutes 
biological plausibility, ranging from mere hypotheses to “sufficient evidence to show how the factor 
influences a known disease mechanism”). 

168. See supra Sections  IV.B–C. 
169. This criterion reflects the fact that although an agent causes one disease, it does not neces- 

sarily cause other diseases. See, e.g., Nelson v. Am. Sterilizer Co., 566 N.W.2d 671, 676–77 (Mich. Ct. 
App. 1997) (affirming dismissal of plaintiff’s claims that chemical exposure caused her liver disorder, 
but recognizing that evidence supported claims for neuropathy and other illnesses); Sanderson v. Int’l 
Flavors & Fragrances, Inc., 950 F. Supp. 981, 996–98 (C.D. Cal. 1996); see also Taylor v. Airco, Inc., 
494 F. Supp. 2d 21, 27 (D. Mass. 2007) (holding that plaintiff’s expert could testify to causal relation- 
ship between vinyl chloride and one type of liver cancer for which there was only modest support 
given strong causal evidence for vinyl chloride and another type of liver cancer). 

When a party claims that evidence of a causal relationship between an agent and one disease 
is relevant to whether the agent caused another disease, courts have required the party to show that 
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ety of effects. For example, asbestos causes mesothelioma  and lung cancer and may 
cause one or two other cancers, but there is no evidence that it causes any other 
types of cancers. Thus, a study that finds that an agent is associated with many dif- 
ferent diseases should be examined skeptically. Nevertheless, there may be causal 
relationships in which this guideline is not satisfied. Cigarette manufacturers have 
long claimed that because cigarettes have been linked to lung cancer, emphysema, 
bladder cancer, heart disease, pancreatic cancer, and other conditions, there is no 
specificity and the relationships are not causal. There is, however, at least one good 
reason why inferences about the health consequences of tobacco do not require 
specificity: Because tobacco and cigarette smoke are not in fact single agents but 
consist of numerous harmful agents, smoking represents exposure to multiple 
agents, with multiple possible effects. Thus, whereas evidence of specificity may 
strengthen the case for causation, lack of specificity does not necessarily undermine 
it where there is a good biological explanation for its absence. 

 
 

I. Are the Findings Consistent with Other Relevant Knowledge? 
 

In addressing the causal relationship of lung cancer to cigarette smoking, research- 
ers examined trends over time for lung cancer and for cigarette  sales in the United 
States. A marked increase in lung cancer death rates in men was observed, which 
appeared to follow the increase in sales of cigarettes. Had the increase in lung 
cancer deaths followed a decrease in cigarette sales, it might have given researchers 
pause. It would not have precluded a causal inference, but the inconsistency of the 
trends in cigarette sales and lung cancer mortality would have had to be explained. 

 
 

VI. What Methods Exist for Combining the 
Results of Multiple Studies? 

Not  infrequently, the scientific record may include a number of epidemiologic 
studies whose findings differ. These may be studies in which one shows an asso- 
ciation and the other does not, or studies that report associations, but of different 

 
 
 

the mechanisms involved in development of the disease are similar. Thus, in Austin v. Kerr-McGee 
Refining Corp., 25 S.W.3d 280 (Tex. App. 2000), the plaintiff suffered from a specific form of chronic 
leukemia. Studies demonstrated a causal relationship between benzene and all leukemias,  but there was 
a paucity of evidence on the relationship between benzene and the specific form of leukemia from 
which plaintiff suffered. The court required that plaintiff’s expert demonstrate the similarity of the 
biological mechanism among leukemias  as a condition for the admissibility of his causation testimony, a 
requirement the court concluded had not been satisfied.  Accord In re Bextra & Celebrex Mktg. Sales 
Practices & Prod. Liab. Litig., 524 F. Supp. 2d 1166, 1183 (N.D. Cal. 2007); Magistrini v. One Hour 
Martinizing Dry Cleaning, 180 F. Supp. 2d 584, 603 (D.N.J. 2002). 
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magnitude.170 In view of the fact that studies may disagree and that often many 
of the studies are small and lack the statistical power needed for definitive conclu- 
sions, the technique of meta-analysis was developed, initially for clinical trials.171 

Meta-analysis is a method of pooling study results to arrive at a single figure to 
represent the totality of the studies reviewed.172 It is a way of systematizing the 
time-honored approach of reviewing the literature, which is characteristic of sci- 
ence, and placing it in a standardized framework with quantitative methods for 
estimating risk. In a meta-analysis, studies are given different weights in proportion 
to the sizes of their study populations and other characteristics.173 

Meta-analysis is most appropriate when used in pooling randomized experi- 
mental trials, because the studies included in the meta-analysis share the most sig- 
nificant methodological characteristics, in particular, use of randomized assignment 
of subjects to different exposure groups. However, often one is confronted with 
nonrandomized observational studies of the effects of possible toxic substances 
or agents. A method for summarizing such studies is greatly needed, but when 
meta-analysis  is applied to observational studies—either case-control or cohort—it 
becomes more controversial.174 The reason for this is that often methodological 
differences among studies are much more pronounced than they are in random- 
ized trials. Hence, the justification for pooling the results and deriving a single 
estimate of risk, for example, is problematic.175 

 
 
 

170. See, e.g., Zandi v. Wyeth a/k/a  Wyeth, Inc., No.  27-CV-06-6744,  2007 WL 3224242 
(Minn. Dist. Ct. Oct. 15, 2007) (plaintiff’s expert cited 40 studies in support of a causal relationship 
between hormone therapy and breast cancer; many studies found different magnitudes of increased risk). 

171. See In re Paoli R.R.  Yard PCB Litig., 916 F.2d 829, 856 (3d Cir. 1990), cert. denied,  499 
U.S. 961 (1991); Hines v. Consol. Rail Corp., 926 F.2d 262, 273 (3d Cir. 1991); Allen v. Int’l Bus. 
Mach. Corp., No. 94-264-LON,  1997 U.S. Dist. LEXIS 8016, at *71–*74 (meta-analysis of obser- 
vational studies is a controversial subject among epidemiologists). Thus, contrary to the suggestion 
by at least one court, multiple studies with small numbers of subjects may be pooled to reduce the 
possibility of sampling error. See In re  Joint E. & S. Dist. Asbestos Litig., 827 F. Supp. 1014, 1042 
(S.D.N.Y. 1993) (“[N]o matter how many studies yield a positive but statistically insignificant SMR 
for colorectal cancer, the results remain statistically insignificant.  Just as adding a series of zeros together 
yields yet another zero as the product, adding a series of positive but statistically insignificant SMRs 
together does not produce a statistically significant pattern.”), rev’d, 52 F.3d 1124 (2d Cir. 1995); see 
also supra note 76. 

172. For a nontechnical explanation of meta-analysis, along with case studies of a variety of 
scientific areas in which it has been employed, see Morton Hunt,  How Science Takes Stock: The 
Story of Meta-Analysis (1997). 

173. Petitti, supra note 88. 
174. See Donna F. Stroup et al., Meta-analysis  of Observational Studies in Epidemiology: A Proposal 

for Reporting,  283 JAMA 2008, 2009 (2000); Jesse A. Berlin & Carin J. Kim, The Use of Meta-Analysis 
in Pharmacoepidemiology, in Pharmacoepidemiology 681, 683–84 (Brian L. Strom ed., 4th ed. 2005). 

175. On rare occasions, meta-analyses of both clinical and observational studies are available. 
See, e.g., In re Bextra & Celebrex Mktg. Sales Practices & Prod. Liab. Litig., 524 F. Supp. 2d 1166, 
1175 (N.D. Cal. 2007) (referring to clinical and observational meta-analyses of low dose of a drug; 
both analyses failed to find any effect). 

 

607 



Reference Manual on Scientific Evidence: Third Edition 

Copyright © National Academy of Sciences. All rights reserved. 

 

 

 
 

Reference Manual  on Scientific Evidence 

 
A number of problems and issues arise in meta-analysis. Should only published 

papers be included in the meta-analysis, or should any available studies be used, 
even if they have not been peer reviewed? Can the results of the meta-analysis 
itself be reproduced by other analysts? When there are several meta-analyses of a 
given relationship, why do the results of different meta-analyses often disagree? 
The appeal of a meta-analysis is that it generates a single estimate of risk (along 
with an associated confidence interval), but this strength can also be a weakness, 
and may lead to a false sense of security regarding the certainty of the estimate. A 
key issue is the matter of heterogeneity of results among the studies being sum- 
marized. If there is more variance among study results than one would expect 
by chance, this creates further uncertainty about the summary measure from the 
meta-analysis. Such differences can arise from variations in study quality, or in 
study populations or in study designs. Such differences in results make it harder 
to trust a single estimate of effect; the reasons for such differences need at least 
to be acknowledged and, if possible, explained.176 People often tend to have an 
inordinate belief in the validity of the findings when a single number is attached 
to them, and many of the difficulties that may arise in conducting a meta-analysis, 
especially of observational studies such as epidemiologic ones, may consequently 
be overlooked.177 

 
 

VII. What Role Does Epidemiology Play in 
Proving Specific Causation? 

Epidemiology is concerned with the incidence of disease in populations, and 
epidemiologic studies do not address the question of the cause of an individual’s 
disease.178 This question, often referred to as  specific causation, is beyond the 

 
 

176. See Stroup et al., supra note 173 (recommending methodology for meta-analysis of obser- 
vational studies). 

177. Much has been written about meta-analysis recently and some experts consider the problems 
of meta-analysis to outweigh the benefits at the present time. For example, John Bailar has observed: 

[P]roblems have been so frequent and so deep, and overstatements of the strength of conclusions so 
extreme, that one might well conclude there is something seriously and fundamentally wrong with the 
method. For the present . . . I still prefer the thoughtful, old-fashioned review of the literature by a 
knowledgeable expert who explains and defends the judgments that are presented. We have not yet 
reached a stage where these judgments can be passed on, even in part, to a formalized process such as 
meta-analysis. 

 

John C. Bailar III, Assessing Assessments, 277 Science 528, 529 (1997) (reviewing Morton Hunt, How 
Science Takes Stock (1997));  see also Point/Counterpoint:  Meta-analysis of Observational Studies, 140 Am. 
J. Epidemiology 770 (1994). 

178. See DeLuca v. Merrell Dow Pharms., Inc., 911 F.2d 941, 945 & n.6 (3d Cir. 1990) (“Epi- 
demiological studies do not provide direct evidence that a particular plaintiff was injured by exposure 
to a substance.”); In re Viagra  Prods. Liab. Litig., 572 F. Supp. 2d 1071, 1078 (D. Minn. 2008) (“Epi- 
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domain of the science of epidemiology. Epidemiology has its limits at the point 
where an inference is made that the relationship between an agent and a disease is 
causal (general causation) and where the magnitude of excess risk attributed to the 
agent has been determined; that is, epidemiologists investigate whether an agent 
can cause a disease, not whether an agent did cause a specific plaintiff’s disease.179 

Nevertheless, the specific causation issue is a necessary legal element in a 
toxic substance case. The plaintiff must establish not only that the defendant’s 
agent is capable of causing disease, but also that it did cause the plaintiff’s disease. 
Thus, numerous cases have confronted the legal question of what is acceptable 
proof of specific causation and the role that epidemiologic evidence plays in 
answering that question.180  This question is not  a question that is addressed 
by epidemiology.181 Rather, it is a legal question with which numerous courts 

 
 
 
 
 

demiology focuses on the question of general causation (i.e., is the agent capable of causing disease?) 
rather than that of specific causation (i.e., did it cause a disease in a particular individual?)” (quoting 
the second edition of this reference guide)); In re Asbestos  Litig,, 900 A.2d 120, 133 (Del. Super. Ct. 
2006); Michael Dore, A Commentary on the Use of Epidemiological Evidence in Demonstrating Cause-in-Fact, 
7 Harv. Envtl. L. Rev. 429, 436 (1983). 

There are some diseases that do not occur without exposure to a given toxic agent. This is the 
same as saying  that the toxic agent is a necessary cause for the disease, and the disease is sometimes 
referred to as a signature disease (also, the agent is pathognomonic), because the existence of the disease 
necessarily implies the causal role of the agent. See Kenneth S. Abraham & Richard A. Merrill, Scientific 
Uncertainty in the Courts, Issues Sci. & Tech. 93, 101 (1986). Asbestosis is a signature disease for asbestos, 
and vaginal adenocarcinoma (in young adult women) is a signature disease for in utero DES exposure. 

179. Cf. In re “Agent Orange” Prod. Liab. Litig., 597 F. Supp. 740, 780 (E.D.N.Y. 1984) (Agent 
Orange allegedly caused a wide variety of diseases in Vietnam veterans and their offspring), aff’d, 818 
F.2d 145 (2d Cir. 1987). 

180. In many instances, causation can be established without epidemiologic evidence. When 
the mechanism of causation is well understood, the causal relationship is well established, or the tim- 
ing between cause and effect is close, scientific evidence of causation may not be required. This is 
frequently the situation when the plaintiff  suffers traumatic injury rather than disease. This section 
addresses only those situations in which causation is not evident, and scientific evidence is required. 

181. Nevertheless, an epidemiologist may be helpful to the factfinder in answering this question. 
Some courts have permitted epidemiologists (or those who use epidemiologic methods) to testify about 
specific causation. See Ambrosini v. Labarraque, 101 F.3d 129, 137–41 (D.C. Cir. 1996); Zuchowicz v. 
United States, 870 F. Supp. 15 (D. Conn. 1994); Landrigan v. Celotex Corp., 605 A.2d 1079, 1088–89 
(N.J. 1992). In general, courts seem more concerned with the basis of an expert’s opinion than with 
whether the expert is an epidemiologist or clinical physician. See Porter v. Whitehall, 9 F.3d 607, 614 
(7th Cir. 1992) (“curb side” opinion from clinician not admissible); Burton v. R.J. Reynolds Tobacco 
Co., 181 F. Supp. 2d 1256, 1266–67 (D. Kan. 2002) (vascular surgeon permitted to testify to general 
causation over objection based on fact he was not an epidemiologist); Wade-Greaux v. Whitehall Labs., 
874 F. Supp. 1441, 1469–72 (D.V.I.) (clinician’s multiple bases for opinion inadequate to support 
causation opinion), aff’d, 46 F.3d 1120 (3d Cir. 1994); Landrigan, 605 A.2d at 1083–89 (permitting 
both clinicians and epidemiologists to testify to specific causation provided the methodology used is 
sound); Trach v. Fellin, 817 A.2d 1102, 1118–19 (Pa. Super. Ct. 2003) (toxicologist and pathologist 
permitted to testify to specific causation). 
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have grappled.182 The remainder of this section is predominantly an explana- 
tion of judicial opinions. It is, in addition, in its discussion of the reasoning 
behind applying the risk estimates of an epidemiologic body of evidence to an 
individual, informed by epidemiologic principles and methodological research. 

Before proceeding, one more caveat is in order. This section assumes that 
epidemiologic evidence has been used as proof of causation for a given plaintiff. 
The discussion does not address whether a plaintiff must use epidemiologic evi- 
dence to prove causation.183 

Two  legal issues arise with regard to the role of epidemiology in proving 
individual causation: admissibility and sufficiency of evidence to meet the burden 
of production. The first issue tends to receive less attention by the courts but 
nevertheless deserves mention. An epidemiologic study that is sufficiently rigor- 
ous to justify a conclusion that it is scientifically valid should be admissible,184  as 
it tends to make an issue in dispute more or less likely.185 

 
 

182. See Restatement (Third) of Torts: Liability for Physical and Emotional Harm § 28 cmt. 
c(3) (2010) (“Scientists who  conduct  group studies do  not  examine specific causation in their 
research. No scientific methodology exists for assessing specific causation for an individual based on 
group studies. Nevertheless, courts have reasoned from the preponderance-of-the-evidence standard 
to determine the sufficiency of scientific evidence on specific causation when group-based studies 
are involved”). 

183. See id. § 28 cmt. c(3) & rptrs. note (“most courts have appropriately declined to impose 
a threshold requirement that a plaintiff always must prove causation with epidemiologic evidence”); 
see also Westberry v. Gislaved Gummi AB, 178 F.2d 257 (4th Cir. 1999) (acute response, differential 
diagnosis ruled out other known causes of disease, dechallenge, rechallenge tests by expert that were 
consistent with exposure to defendant’s agent causing disease, and absence of epidemiologic or toxi- 
cologic studies; holding that expert’s testimony on causation was properly admitted); Zuchowicz v. 
United States, 140 F.3d 381 (2d Cir. 1998); In re Heparin Prods. Liab. Litig. 2011 WL 2971918, at 
*7-10 (N.D. Ohio July 21, 2011). 

184. See DeLuca v. Merrell Dow Pharms., Inc., 911 F.2d 941, 958 (3d Cir. 1990); cf. Kehm v. 
Procter & Gamble Co., 580 F. Supp. 890, 902 (N.D. Iowa 1982) (“These [epidemiologic] studies were 
highly probative on the issue of causation—they  all concluded that an association between tampon use 
and menstrually related TSS [toxic shock syndrome]  cases exists.”), aff’d, 724 F.2d 613 (8th Cir. 1984). 

Hearsay concerns may limit the independent admissibility of the study, but the study could be 
relied on by an expert in forming an opinion and may be admissible pursuant to Fed. R. Evid. 703 as 
part of the underlying facts or data relied on by the expert. 

In Ellis v. International Playtex,  Inc., 745 F.2d 292, 303 (4th Cir. 1984), the court concluded that 
certain epidemiologic studies were admissible despite criticism of the methodology used in the studies. 
The court held that the claims of bias went to the studies’ weight rather than their admissibility. Cf. 
Christophersen v. Allied-Signal Corp.,  939 F.2d 1106, 1109 (5th Cir. 1991) (“As a general rule, 
questions relating to the bases and sources of an expert’s opinion affect the weight to be assigned that 
opinion rather than its admissibility. . . . “). 

185. Even if evidence is relevant, it may be excluded if its probative value is substantially 
outweighed by prejudice, confusion, or inefficiency. Fed. R.  Evid. 403. However, exclusion of an 
otherwise relevant epidemiologic study on Rule 403 grounds is unlikely. 

In Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579, 591 (1993), the Court invoked the 
concept of “fit,” which addresses the relationship of an expert’s  scientific opinion to the facts of 
the case and the issues in dispute. In a toxic substance case in which cause in fact is disputed, an epi- 
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Far more  courts have confronted  the  role that  epidemiology plays with 

regard to the sufficiency of the evidence and the burden of production.186  The 
civil burden of proof is described most often as requiring belief by the factfinder 
“that what is sought to be proved is more likely true than not true.”187 The rela- 
tive risk from epidemiologic studies can be adapted to this 50%-plus standard to 
yield a probability or likelihood that an agent caused an individual’s disease.188 An 
important caveat is necessary, however. The discussion below speaks in terms of 
the magnitude of the relative risk or association found in a study. However, before 
an association or relative risk is used to make a statement about the probability 
of individual causation, the inferential judgment, described in Section V, that the 
association is truly causal rather than spurious, is required: “[A]n agent cannot 
be considered to cause the illness of a specific person unless it is recognized as a 
cause of that disease in general.”189 The following discussion should be read with 
this caveat in mind.190 

 
 

demiologic study of the same agent to which the plaintiff was exposed that examined the association 
with the same disease from which the plaintiff suffers would undoubtedly have sufficient “fit” to be a 
part of the basis of an expert’s opinion. The Court’s concept of “fit,” borrowed from United States v. 
Downing, 753 F.2d 1224, 1242 (3d Cir. 1985), appears equivalent to the more familiar evidentiary 
concept of probative value, albeit one requiring assessment of the scientific reasoning the expert used 
in drawing inferences from methodology or data to opinion. 

186. We reiterate a point made at the outset of this section: This discussion of the use of a 
threshold relative risk for specific causation is not epidemiology or an inquiry an epidemiologist would 
undertake. This is an effort by courts and commentators to adapt the legal standard of proof to the 
available scientific evidence. See supra text accompanying notes 175–179. While strength of association 
is a guideline for drawing an inference of causation from an association,  see supra Section V, there is 
no specified threshold required. 

187. Kevin F. O’Malley et al., Federal Jury Practice and Instructions § 104.01 (5th ed. 2000);  see 
also United States v. Fatico, 458 F. Supp. 388, 403 (E.D.N.Y. 1978) (“Quantified, the preponderance 
standard would be 50%+ probable.”), aff’d, 603 F.2d 1053 (2d Cir. 1979). 

188. An adherent of the frequentist school of statistics would resist this adaptation, which may 
explain why many epidemiologists and toxicologists  also resist it. To take the step identified in the text 
of using an epidemiologic study outcome to determine the probability of specific causation requires a 
shift from a frequentist approach, which involves sampling or frequency data from an empirical test, 
to a subjective probability about a discrete event. Thus, a frequentist might assert, after conducting a 
sampling test, that 60% of the balls in an opaque container are blue. The same frequentist would 
resist the statement, “The probability that a single ball removed from the box and hidden behind a 
screen is blue is 60%.” The ball is either blue or not, and no frequentist data would permit the latter 
statement. “[T]here is no logically rigorous definition of what a statement of probability means with 
reference to an individual instance. . . .” Lee Loevinger, On Logic and Sociology, 32 Jurimetrics J. 527, 
530 (1992); see also Steve Gold, Causation in Toxic Torts:  Burdens  of Proof, Standards  of Persuasion and 
Statistical Evidence, 96 Yale L.J. 376, 382–92 (1986). Subjective probabilities about unique events are 
employed by those using Bayesian methodology. See Kaye, supra note 80, at 54–62; David H. Kaye & 
David A. Freedman, Reference Guide on Statistics, Section IV.D, in this manual. 

189. Cole, supra note 65, at 10,284. 
190. We emphasize this caveat, both because it is not intuitive and because some courts have failed 

to appreciate the difference between an association and a causal relationship.  See, e.g., Forsyth v. Eli Lilly 
& Co., Civ. No. 95-00185 ACK, 1998 U.S. Dist. LEXIS 541, at *26–*31 (D. Haw. Jan. 5, 1998). But see 

 

611 



Reference Manual on Scientific Evidence: Third Edition 

Copyright © National Academy of Sciences. All rights reserved. 

 

 

 
 

Reference Manual  on Scientific Evidence 

 
Some courts have reasoned that when epidemiologic studies find that expo- 

sure to the agent causes an incidence in the exposed group that is more than 
twice the incidence in the unexposed group (i.e., a relative risk greater than 2.0), 
the probability that exposure to the agent caused a similarly situated individual’s 
disease is greater than 50%.191 These courts, accordingly, hold that when there is 
group-based evidence finding that exposure to an agent causes an incidence of dis- 
ease in the exposed group that is more than twice the incidence in the unexposed 
group, the evidence is sufficient to satisfy the plaintiff’s burden of production and 
permit submission of specific causation to a jury. In such a case, the factfinder may 
find that it is more likely than not that the substance caused the particular plain- 
tiff’s disease.  Courts, thus, have permitted expert witnesses to testify to specific 
causation based on the logic of the effect of a doubling of the risk.192 

While this reasoning has a certain logic as far as it goes, there are a number of 
significant assumptions and important caveats that require explication: 

 
1. A valid study and risk estimate. The propriety of this “doubling” reasoning 

depends on group studies identifying a genuine causal relationship and a 
reasonably reliable measure of the increased risk.193 This requires attention 

 
 
 

Berry v. CSX Transp., Inc., 709 So. 2d 552, 568 (Fla. Dist. Ct. App. 1998) (“From epidemiologic studies 
demonstrating an association, an epidemiologist may or may not infer that a causal relationship exists.”). 

191. An alternative, yet similar, means to address probabilities in individual cases is use of the 
attributable fraction parameter, also known as the attributable risk. See supra Section III.C. The attrib- 
utable fraction is that portion of the excess risk that can be attributed to an agent, above and beyond 
the background risk that is due to other causes. Thus, when the relative risk is greater than 2.0, the 
attributable fraction exceeds 50%. 

192. For a comprehensive list of cases that support proof of causation based on group studies, 
see Restatement (Third) of Torts: Liability for Physical and Emotional Harm § 28 cmt. c(4) rptrs. 
note (2010). The Restatement catalogues those courts that require a relative risk in excess of 2.0 as a 
threshold for sufficient proof of specific causation and those courts that recognize that a lower relative 
risk than 2.0 can support specific causation,  as explained below. Despite considerable disagreement on 
whether a relative risk of 2.0 is required or merely a taking-off point for determining the sufficiency 
of the evidence on specific causation, two commentators who surveyed the cases observed that “[t] 
here were no clear differences in outcomes as between federal and state courts.” Russellyn S. Carruth 
& Bernard D. Goldstein, Relative Risk Greater than Two in Proof of Causation  in Toxic Tort Litigation, 41 
Jurimetrics J. 195, 199 (2001). 

193. Indeed, one commentator contends that, because epidemiology is sufficiently imprecise 
to accurately measure small increases in risk, in general, studies that find a relative risk less than 2.0 
should not be sufficient for causation. The concern is not with specific causation but with general 
causation and the likelihood that an association  less than 2.0 is noise rather than reflecting a true causal 
relationship. See Michael D. Green, The Future of Proportional Liability,  in Exploring Tort Law (Stuart 
Madden ed., 2005); see also Samuel M. Lesko & Allen A. Mitchell, The Use of Randomized  Controlled 
Trials  for Pharmacoepidemiology Studies,  in Pharmacoepidemiology 599, 601 (Brian L. Strom ed., 4th 
ed. 2005) (“it is advisable to use extreme caution in making causal inferences from small relative risks 
derived from observational studies”); Gary Taubes, Epidemiology Faces Its Limits, 269 Science 164 (1995) 
(explaining views of several epidemiologists about a threshold relative risk of 3.0 to seriously consider a 
causal relationship); N.E. Breslow & N.E. Day, Statistical Methods in Cancer Research, in The Analysis 
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to the possibility of random error, bias, or confounding being the source 
of the association rather than a true causal relationship  as explained  in Sec- 
tions IV and V, supra.194 

2. Similarity  among study subjects and plaintiff. Only if the study subjects and 
the plaintiff are similar with respect to other risk factors will a risk esti- 
mate from a study or studies be valid when applied to an individual.195 

Thus, if those exposed in a study of the risk of lung cancer from smoking 
smoked half a pack of cigarettes a day for 20 years, the degree of increased 
incidence of lung cancer among them cannot be extrapolated to someone 
who smoked two packs of cigarettes for 30 years without strong (and ques- 
tionable) assumptions about the dose–response relationship.196 This is also 
applicable to risk factors for competing causes. Thus, if all of the subjects 
in a study are participating because they were identified as having a family 
history of heart disease, the magnitude of risk found in a study of smok- 

 
 

of Case-Control Studies 36 (IARC Pub. No. 32, 1980) (“[r]elative risks of less than 2.0 may readily 
reflect some unperceived bias or confounding factor”); David A. Freedman & Philip B. Stark, The 
Swine Flu Vaccine and Guillain-Barré  Syndrome:  A Case Study in Relative Risk and Specific Causation,  64 
Law & Contemp. Probs. 49, 61 (2001) (“If the relative risk is near 2.0, problems of bias and confound- 
ing in the underlying epidemiologic studies may be serious, perhaps intractable.”). 

194. An excellent explanation for why differential diagnoses generally are inadequate without 
further proof of general causation was provided in Cavallo v. Star Enterprises, 892 F. Supp. 756 (E.D. 
Va. 1995), aff’d in relevant part, 100 F.3d 1150 (4th Cir. 1996): 

The process of differential diagnosis is undoubtedly important to the question of “specific causation”. 
If other possible causes of an injury cannot be ruled out, or at least the probability of their contribution 
to causation minimized, then the “more likely than not” threshold for proving causation may not be 
met. But, it is also important to recognize that a fundamental assumption underlying this method is 
that the final, suspected “cause” remaining after this process of elimination must actually be capable of 
causing the injury. That is, the expert must “rule in” the suspected cause as well as “rule out” other 
possible causes. And, of course, expert opinion on this issue of “general causation” must be derived 
from a scientifically valid methodology. 

 

Id. at 771 (footnote omitted); see also Ruggiero v. Warner-Lambert Co., 424 F.3d 249, 254 (2d Cir. 
2005); Norris v. Baxter Healthcare Corp., 397 F.3d 878, 885 (10th Cir. 2005); Meister v. Med. Eng’g 
Corp., 267 F.3d 1123, 1128–29 (D.C. Cir. 2001); Bickel v. Pfizer, Inc., 431 F. Supp. 2d 918, 923–24 
(N.D. Ind. 2006); In re Rezulin Prods. Liab. Litig., 369 F. Supp. 2d 398, 436 (S.D.N.Y. 2005); Coastal 
Tankships, U.S.A., Inc. v. Anderson, 87 S.W.3d 591, 608–09 (Tex. Ct. App. 2002); see generally Joseph 
Sanders & Julie Machal-Fulks, The Admissibility  of Differential Diagnosis Testimony  to Prove Causation 
in Toxic Tort Cases: The Interplay  of Adjective  and Substantive Law, 64 Law & Contemp. Probs. 107, 
122–25 (2001) (discussing cases rejecting differential diagnoses in the absence of other proof of general 
causation and contrary cases). 

195 “The basic premise of probability of causation is that individual risk can be determined from 
epidemiologic data for a representative population; however the premise only holds if the individual 
is truly representative of the reference population.” Council on Scientific Affairs, American Medical 
Association, Radioepidemiological Tables 257 JAMA 806 (1987). 

196. Conversely, a risk estimate from a study that involved a greater exposure is not applicable to 
an individual exposed to a lower dose. See, e.g., In re Bextra & Celebrex Mktg. Sales Practices & Prod. 
Liab. Litig., 524 F. Supp. 2d 1166, 1175–76 (N.D. Cal. 2007) (relative risk found in studies of those 
who took twice the dose of others could not support expert’s opinion of causation for latter group). 
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ing on the risk of heart disease cannot validly be applied to an individual 
without such a family history. Finally, if an individual has been differen- 
tially exposed to other risk factors from those in a study, the results of the 
study will not provide an accurate basis for the probability of causation 
for the individual.197 Consider once again a study of the effect of smoking 
on lung cancer among subjects who have no asbestos exposure. The rela- 
tive risk of smoking in that study would not be applicable to an asbestos 
insulation worker. More generally, if the study subjects are heterogeneous 
with regard to risk factors related to the outcome of interest, the relative 
risk found in a study represents an average risk  for the group rather than a 
uniform increased risk applicable to each individual.198 

3. Nonacceleration  of disease. Another assumption embedded in using the risk 
findings of a group study to determine the probability of causation in an 
individual is that the disease is one that never would have been contracted 
absent exposure. Put another way, the assumption is that the agent did not 
merely accelerate occurrence of the disease without affecting the lifetime 
risk of contracting the disease. Birth defects are an example of an outcome 
that is not accelerated. However, for most of the chronic diseases of adult- 
hood, it is not possible for epidemiologic studies to distinguish between 
acceleration of disease and causation of new disease. If, in fact, acceleration 

 
 
 
 
 
 

197. See David H. Kaye & David A. Freedman, Reference Guide on Statistics, in this manual 
(explaining the problems of employing a study outcome to determine the probability of an individual’s 
having contracted the disease from exposure to the agent because of variations in individuals that bear 
on the risk of a given individual contracting the disease); David A. Freedman & Philip Stark, The Swine 
Flu Vaccine and Guillain-Barré Syndrome: A Case Study in Relative Risk and Specific Causation,  23 Evalua- 
tion Rev. 619 (1999) (analyzing the role that individual variation plays in determining the probability 
of specific causation based on the relative risk found in a study and providing a mathematical model 
for calculating the effect of individual variation); Mark Parascandola, What Is Wrong with the Probability 
of Causation?  39 Jurimetrics J. 29 (1998). 

198. The comment of two prominent epidemiologists on this subject is illuminating: 
 

We cannot measure the individual risk, and assigning the average value to everyone in the category 
reflects nothing more than our ignorance about the determinants of lung cancer that interact with 
cigarette smoke. It is apparent from epidemiological data that some people can engage in chain smok- 
ing for many decades without developing lung cancer. Others are or will become primed by unknown 
circumstances and need only to add cigarette smoke to the nearly sufficient constellation of causes to 
initiate lung cancer. In our ignorance of these hidden causal components, the best we can do in assessing 
risk is to classify people according to measured causal risk indicators and then assign the average observed 
within a class to persons within the class. 

 

Rothman & Greenland, supra note 131, at 9; see also Ofer Shpilberg et al., The Next Stage: Molecular 
Epidemiology, 50 J. Clinical Epidemiology 633, 637 (1997) (“A 1.5-fold relative risk may be composed 
of a 5-fold risk in 10% of the population, and a 1.1-fold risk in the remaining 90%, or a 2-fold risk in 
25% and a 1.1-fold for 75%, or a 1.5-fold risk for the entire population.”). 
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is involved, the relative risk from a study will understate the probability 
that exposure accelerated the occurrence of the disease.199 

4. Agent operates independently.   Employing a risk estimate to determine the 
probability of causation is not valid if the agent interacts with another 
cause in a way that results in an increase in disease beyond merely the sum 
of the increased incidence due to each agent separately. For example, the 
relative risk of lung cancer due to smoking is around 10, while the relative 
risk for asbestos exposure is approximately  5. The relative risk for someone 
exposed to both is not the arithmetic sum of the two relative risks, that 
is, 15, but closer to the product (50- to 60-fold), reflecting an interaction 
between the two.200 Neither of the individual agent’s relative risks can be 
employed to estimate the probability of causation in someone exposed to 
both asbestos and cigarette smoke.201 

5. Other assumptions. Additional assumptions include (a) the agent of interest 
is not responsible for fatal diseases other than the disease of interest202 and 
(b) the agent does not provide a protective effect against the outcome of 
interest in a subpopulation of those being studied.203 

 
Evidence in a given case may challenge one or more of these assumptions. 

Bias in a study may suggest that the study findings are inaccurate and should be 
estimated to be higher or lower or, even, that the findings are spurious, that is, 
do not reflect a true causal relationship. A plaintiff may have been exposed to a 

 
 
 

199. See Sander Greenland & James M. Robins, Epidemiology,  Justice, and the Probability of Cau- 
sation, 40 Jurimetrics J. 321 (2000); Sander Greenland, Relation  of Probability of Causation  to Relative 
Risk and Doubling Dose: A Methodologic  Error That Has Become a Social Problem, 89 Am. J. Pub. Health 
1166 (1999). If acceleration occurs, then the appropriate characterization of the harm for purposes of 
determining damages would have to be addressed. A defendant who only accelerates the occurrence 
of harm, say, chronic back pain, that would have occurred independently in the plaintiff at a later 
time is not liable for the same amount of damages as a defendant who causes a lifetime of chronic 
back pain. See David A. Fischer, Successive Causes and the Enigma  of Duplicated Harm,  66 Tenn. L. Rev. 
1127, 1127 (1999); Michael D. Green, The Intersection of Factual Causation  and Damages, 55 DePaul 
L. Rev. 671 (2006). 

200. We use interaction to mean that the combined effect is other than the additive sum of each 
effect, which is what we would expect if the two agents operate independently. Statisticians employ 
the term interaction in a different manner to mean the outcome deviates from what was expected in 
the model specified in advance.  See Jay S. Kaufman, Interaction Reaction, 20 Epidemiology 159 (2009); 
Sander Greenland & Kenneth J. Rothman,  Concepts  of Interaction,  in Rothman  & Greenland, supra 
note 131, at 329. 

201. See Restatement (Third) of Torts: Liability for Physical and Emotional Harm § 28 cmt. 
c(5) (2010); Jan Beyea & Sander Greenland, The Importance of Specifying the Underlying Biologic Model in 
Estimating  the Probability of Causation,  76 Health Physics 269 (1999). 

202. This is because in the epidemiologic studies relied on, those deaths caused by the alternative 
disease process will mask the true magnitude of increased incidence of the studied disease when the 
study subjects die before developing the disease of interest. 

203. See Greenland & Robins, supra, note 198, at 332–33. 
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dose of the agent in question that is greater or lower than that to which those in 
the study were exposed.204 A plaintiff may have individual factors, such as higher 
age than those in the study, that make it less likely that exposure to the agent 
caused the plaintiff’s disease. Similarly, an individual plaintiff may be able to rule 
out other known (background) causes of the disease, such as genetics, that increase 
the likelihood that the agent was responsible for that plaintiff’s disease. Evidence 
of a pathological mechanism may be available for the plaintiff that is relevant to 
the cause of the plaintiff’s disease.205  Before any causal relative risk from an epide- 
miologic study can be used to estimate the probability that the agent in question 
caused an individual plaintiff’s disease, consideration of these (and related) factors 
is required.206 

Having additional evidence that bears on individual causation has led a few 
courts to conclude that a plaintiff may satisfy his or her burden of production 
even if a relative risk less than 2.0 emerges from the epidemiologic evidence.207 

For example, genetics might be known to be responsible for 50% of the incidence 
of a disease independent of exposure to the agent.208 If genetics can be ruled out 

 
 

204. See supra Section V.C; see also Ferebee v. Chevron Chem. Co., 736 F.2d 1529, 1536 (D.C. 
Cir. 1984) (“The dose–response relationship at low levels of exposure for admittedly toxic chemicals 
like paraquat is one of the most sharply contested questions currently being debated in the medi- 
cal community.”); In re  Joint E. & S. Dist. Asbestos Litig., 774 F. Supp. 113, 115 (S.D.N.Y. 1991) 
(discussing different relative risks associated with different doses), rev’d on other grounds,  964 F.2d 92 
(2d Cir. 1992). 

205. See Tobin v. Astra Pharm. Prods., Inc., 993 F.2d 528 (6th Cir. 1993) (plaintiff’s expert relied 
predominantly on pathogenic evidence). 

206. See Merrell Dow Pharms., Inc. v. Havner, 953 S.W.2d 706, 720 (Tex. 1997); Smith v. 
Wyeth-Ayerst Labs. Co., 278 F. Supp. 2d 684, 708–09 (W.D.N.C.  2003) (describing expert’s effort 
to refine relative risk applicable to plaintiff based on specific risk characteristics applicable to her, albeit 
in an ill-explained manner); McDarby v. Merck & Co., 949 A.2d 223 (N.J. Super. Ct. App. Div. 
2008); Mary Carter Andrues, Proof of Cancer Causation  in Toxic Waste Litigation, 61 S. Cal. L. Rev. 
2075, 2100–04 (1988). An example of a judge sitting as factfinder  and considering individual factors 
for a number of plaintiffs in deciding cause in fact is contained in Allen v. United States, 588 F. Supp. 
247, 429–43 (D. Utah 1984), rev’d on other grounds, 816 F.2d 1417 (10th Cir. 1987), cert. denied,  484 
U.S. 1004 (1988); see also Manko v. United States, 636 F. Supp. 1419, 1437 (W.D. Mo. 1986), aff’d, 
830 F.2d 831 (8th Cir. 1987). 

207. In re Hanford Nuclear Reservation Litig., 292 F.3d 1124, 1137 (9th Cir. 2002) (applying 
Washington law) (recognizing the role of individual factors that may modify the probability of causa- 
tion based on the relative risk); Magistrini v. One Hour Martinizing Dry Cleaning, 180 F. Supp. 2d 
584, 606 (D.N.J. 2002) (“[A] relative risk of 2.0 is not so much a password to a finding of causation 
as one piece of evidence, among others for the court to consider in determining whether an expert 
has employed a sound methodology in reaching his or her conclusion.”); Miller v. Pfizer, Inc., 196 F. 
Supp. 2d 1062, 1079 (D. Kan. 2002) (rejecting a threshold of 2.0 for the relative risk and recogniz- 
ing that even a relative risk greater than 2.0 may be insufficient); Pafford v. Sec’y, Dept. of Health & 
Human Servs., 64 Fed. Cl. 19 (2005) (acknowledging that epidemiologic studies finding a relative risk 
of less than 2.0 can provide supporting evidence of causation),  aff’d, 451 F.3d 1352 (Fed. Cir. 2006). 

208. See generally Steve C. Gold, The More We Know, the Less Intelligent We Are? How Genomic 
Information Should, and Should Not, Change Toxic Tort Causation Doctrine, 34 Harv. Envtl. L. Rev. 369 
(2010); Jamie A. Grodsky, Genomics and Toxic Torts: Dismantling the Risk-Injury  Divide, 59 Stan. L. Rev. 
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in an individual’s case, then a relative risk greater than 1.5 might be sufficient to 
support an inference that the agent was more likely than not responsible for the 
plaintiff’s disease.209 

Indeed, this idea of eliminating a known and competing cause is central to 
the methodology popularly known in legal terminology as differential  diagnosis210 

but is more accurately referred to as  differential etiology.211 Nevertheless, the 
logic is sound if the label is not: Eliminating other known and competing causes 
increases the probability that a given individual’s disease was caused by exposure 
to the agent. In a differential etiology, an expert first determines other known 
causes of the disease in question and then attempts to ascertain whether those 
competing causes can be “ruled out” as a cause of plaintiff’s  disease212   as in the 

 
 

1671 (2007); Gary E. Marchant, Genetic Data in Toxic Tort Litigation, 14 J.L. & Pol’y 7 (2006); Gary 
E. Marchant, Genetics and Toxic Torts, 31 Seton Hall L. Rev. 949 (2001). 

209. The use of probabilities in excess of .50 to support a verdict results in an all-or-nothing 
approach to damages that some commentators have criticized. The criticism reflects the fact that defen- 
dants responsible for toxic agents with a relative risk just above 2.0 may be required to pay damages 
not only for the disease that their agents caused, but also for all instances of the disease. Similarly, those 
defendants whose agents increase the risk of disease by less than a doubling may not be required to 
pay damages for any of the disease that their agents caused. See, e.g., 2 American Law Inst., Reporter’s 
Study on Enterprise Responsibility for Personal Injury: Approaches to Legal and Institutional Change 
369–75 (1991). Judge Posner has been in the vanguard of those advocating that damages be awarded 
on a proportional basis that reflects the probability of causation or liability. See, e.g., Doll v. Brown, 
75 F.3d 1200, 1206–07 (7th Cir. 1996). To date, courts have not adopted a rule that would apportion 
damages based on the probability of cause in fact in toxic substances cases. See Green, supra note 192. 

210. Physicians regularly employ differential diagnoses in treating their patients to identify the 
disease from which the patient is suffering. See Jennifer R. Jamison, Differential Diagnosis for Primary 
Practice (1999). 

211. It is important to emphasize that the term “differential diagnosis” in a clinical context refers 
to identifying a set of diseases or illnesses responsible for the patient’s  symptoms, while “differential 
etiology” refers to identifying the causal factors involved in an individual’s disease or illness. For many 
health conditions, the cause of the disease or illness has no relevance to its treatment, and physicians, 
therefore, do not employ this term or pursue that question. See Zandi v. Wyeth a/k/a Wyeth, Inc., No. 
27-CV-06-6744, 2007 WL 3224242 (Minn. Dist. Ct. Oct. 15, 2007) (commenting that physicians do 
not attempt to determine the cause of breast cancer). Thus, the standard differential diagnosis performed 
by a physician is not to determine the cause of a patient’s disease. See John B. Wong et al., Reference 
Guide on Medical Testimony, in this manual; Edward J. Imwinkelried, The Admissibility  and Legal Suf- 
ficiency of Testimony  About  Differential Diagnosis (Etiology): of Under — and Over — Estimations, 56 Baylor 
L. Rev. 391, 402–03 (2004); see also Turner v. Iowa Fire Equip. Co., 229 F.3d 1202, 1208 (8th Cir. 
2000) (distinguishing between differential diagnosis conducted for the purpose of identifying the disease 
from which the patient suffers and one attempting to determine the cause of the disease); Creanga v. 
Jardal, 886 A.2d 633, 639 (N.J. 2005) (“Whereas most physicians use the term to describe the process 
of determining which of several diseases is causing a patient’s symptoms, courts have used the term in a 
more general sense to describe the process by which causes of the patient’s condition are identified.”). 

212. Courts regularly affirm the legitimacy of employing differential diagnostic methodology. 
See, e.g., In re Ephedra Prods. Liab. Litig., 393 F. Supp. 2d 181, 187 (S.D.N.Y. 2005); Easum v. Miller, 
92 P.3d 794, 802 (Wyo. 2004) (“Most circuits have held that a reliable differential diagnosis satisfies 
Daubert and provides a valid foundation for admitting an expert opinion. The circuits reason that a 
differential diagnosis is a tested methodology, has been subjected to peer review/publication, does not 
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genetics example in the preceding paragraph. Similarly, an expert attempting to determine 
whether an individual’s emphysema was caused by occupational chemi- cal exposure would 
inquire whether the individual was a smoker. By ruling out (or ruling in) the possibility of 
other causes, the probability that a given agent was the cause of an individual’s disease can be 
refined. Differential etiologies are most critical when the agent at issue is relatively weak and 
is not responsible for a large proportion of the disease in question. 

Although differential etiologies are a sound methodology in principle, this approach is 
only valid if general causation exists and a substantial proportion of competing causes are 
known.213 Thus, for diseases for which the causes are largely unknown, such as most birth 
defects, a differential etiology is of little benefit.214 

And, like any scientific methodology,  it  can be  performed in  an unreliable manner.215 
 
 
	  
	  
	  


