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Over view of  th e bo ok

In trod uc tio n

Th is book provides a sum m ary of th e m ain  m eth ods an d con cepts of ep idem iology
to en able you  to un derstan d, in terpret  an d apply th ese basic m eth ods. It  also aim s
to in troduce m ore advan ced epidem iological an d stat ist ical con cepts.

It  is n ot  th e in ten tion  th at  ep idem iology sh ould  be viewed as a solitary field , as it  is
in tegral to m uch  of public h ealth .

Why stu dy  ep id emiolog y?

Epidem iology provides th e tools (scien tific m eth ods) to study th e causes of d isease
an d th e kn owledge base for h ealth  care. Th us it  p rovides public h ealth  profes-
sion als th e m ean s to study disease an d look at  th e effect iven ess of h ealth  care
services an d, m ore specifically, th e im pact  of h ealth  care in terven tion s.

It  p rovides on e key approach  to un derstan din g h ealth  an d disease in  in dividuals
an d populat ion s, an d th e forces an d factors wh ich  influen ce th em . Th is is
im portan t  both  for h ealth  care profession als an d for patien ts. Th e purpose of
epidem iology is to use th is in form ation  to prom ote h ealth  an d reduce d isease.

Clin ical practice an d h ealth  policy can n ot be based on  clin ical experien ce alon e.
Th ey n eed to be based on  scien tific eviden ce. Un derstan din g epidem iology an d th e
m eth ods used to study h ealth  an d disease is a prerequisite for th e ability to appraise
crit ically th e eviden ce in  scien tific literatu re. Th e ability to d ist in gu ish  good from
poor scien ce (an d good an d poor eviden ce) is an  essen tial skill in  prom otin g
eviden ce-based h ealth  care.

Epidem iology is on e of th e key scien tific d iscip lin es un derlyin g som e of th e m ost
im portan t  an d rap idly developin g areas of in qu iry in to h ealth  an d h ealth  care.
Epidem iological m eth ods are cen tral to clin ical research , d isease preven tion , h ealth
prom otion , h ealth  protection  an d h ealth  services research . Th e resu lts of ep idem i-
ological studies are also used by oth er scien tists, in cludin g h ealth  econ om ists,
h ealth  policy an alysts, an d h ealth  services m an agers.

St ru ct ure of  th e bo ok

Th is book follows th e con ceptual fram ework of th e basic ep idem iology un it  at  th e
Lon don  Sch ool of Hygien e & Tropical Medicin e. It  is based on  m aterials presen ted
in  th e lectures an d sem in ars of th e taugh t course, wh ich  h ave been  adapted  for
distan ce learn in g.



2 Introduction to epidemiology

Th e book is structured  aroun d th e basic con cepts an d application s of ep idem i-
ology. It  starts by lookin g at  defin it ion s of ep idem iology, in troduces th e fun da-
m en tal strategies for m easurin g d isease frequen cy an d pattern s of d isease, an d
associat ion s with  exposures or risk factors (Ch apters 1–3).

Ch apters 4–8 discuss d ifferen t  study design s an d th eir stren gth s an d weakn esses.
An alysis an d in terpretat ion  of ep idem iological studies are addressed in  Ch apter 9.

Th e fin al th ree ch apters (10–12) ou tlin e th e application  of ep idem iology for
preven tion , m on itorin g an d screen in g.

Th e 12 ch apters are sh own  on  th e con ten ts page. Each  ch apter in cludes:

• an  overview
• a list  of learn in g objectives
• a list  of key term s
• a ran ge of activit ies
• feedback on  th e act ivit ies
• a sum m ary.

Ackn owled gements

Th e au th ors th an k colleagues wh o developed th e origin al lectures an d teach in g
m aterials at  th e Lon don  Sch ool of Hygien e & Tropical Medicin e on  wh ich  th e
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for reviewin g th e en tire book, an d Deirdre Byrn e (series m an ager) for h elp  an d
support .



1 Basic concepts and
applicat ions of epidemiology

Over view

Epidem iology is a basic scien ce of public h ealth . Its prin cip les an d m eth ods are
used to: describe th e h ealth  of population s; detect  causes of h ealth  problem s;
quan tify th e associat ion  between  ill h ealth  an d determ in an ts; test  t reatm en ts an d
public h ealth  in terven tion s; an d m on itor ch an ges in  states of h ealth  over t im e. Th e
key feature of ep idem iology is th at  it  is a study of population s, n ot in dividuals. In
th is ch apter you  will learn  th e basic con cepts an d applicat ion s of th is d iscip lin e.

Learning object ives

After  working through this chapter, you will be bet ter  able to:

• descr ibe the key aspects of t he epidemiological approach
• discuss the models of causat ion of disease
• descr ibe the natural histor y of disease
• discuss the applicat ions of epidemiology in public health pract ice.

Studying epidemiology

Epidem iology is th e study of th e d istribu tion  an d determ in an ts of h ealth  states or
even ts in  specified populat ion s, an d th e application  of th is study to con trol h ealth
problem s. It  is con cern ed with  th e collective h ealth  of people in  a com m un ity or an
area an d it  p rovides data for d irectin g public h ealth  action . Given  th e defin it ion
above, it  follows th at  kn owledge of th e d istribu tion  an d determ in an ts of h ealth
states an d even ts in form s appropriate public h ealth  act ion .

W hat  is t he dist r ibut ion of health states or  events?

Th e distribution of h ealth  states or even ts is a descrip tion  of th e frequen cy
an d pattern  of h ealth  even ts in  a population . Th e frequency (e.g. th e n um ber of
occurren ces of a h ealth  even t in  a population  with in  a given  t im e period) is m eas-
ured by rates an d risks of h ealth  even ts in  a population , an d th e pattern refers to th e
occurren ce of h ealth -related  even ts by t im e, p lace an d person al ch aracterist ics.
(Rates an d risks will be d iscussed m ore in  Ch apters 2 an d 3).
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W hat  are determ inants of health states or  events?

Epidem iology seeks to iden tify th e determ in an ts of h ealth  an d determ in an ts
of d isease. Th e determ in an ts of h ealth  states or even ts are defin able factors th at
influen ce th e occurren ce of h ealth -related  even ts. Determ in an ts are also kn own  as
risk factors or protective factors, depen din g on  wh ich  h ealth -related  even ts th ey
are associated  with . Health -related  even ts refer to h ealth  ou tcom es (e.g. death ,
illn ess an d disability) as well as posit ive h ealth  states (e.g. su rvival an d reduced risk
of stroke), an d th e m ean s to im prove h ealth .

The epidemiological approach

Like detectives, ep idem iologists in vestigate h ealth -related  even ts in  a rigorous way.
An  epidem iologist’s approach  to studyin g th ese even ts in volves an swerin g th e
question s:

• wh at?
• wh o?
• wh ere?
• wh en ?
• wh y?

Th ese question s can  be referred  to as:

• case defin it ion
• person
• place
• t im e
• causes

W hat?

A case definition is a set  of stan dard  criteria for decid in g wh eth er or n ot  a person  h as
a part icu lar d isease or h ealth -related  even t. A case defin it ion  con sists of clin ical
criteria, som etim es with  lim itat ion s on  t im e, p lace an d person . Th e clin ical criteria
usually in clude confirm atory laboratory tests, if available, or a com bin ation  of
sym ptom s (com plain ts) an d sign s (ph ysical fin din gs), an d oth er supportive evi-
den ce. For exam ple, in  th e USA, th e case defin it ion  for paralytic poliom yelit is used
by th e Cen ters for Disease Con trol an d Preven tion  (CDC 1992: 461) is: ‘Acute on set
of a flaccid  paralysis of on e or m ore lim bs with  decreased or absen t ten don  reflexes
in  th e affected  lim bs, with out oth er apparen t  cause, an d with out sen sory or cogn i-
t ive loss’. Application  of stan dard  criteria en sures th at  every case is d iagn osed in  th e
sam e way regardless of wh en  an d wh ere it  occurred . Th is allows com parison  of rates
of occurren ce of th e d isease between  population s an d over t im e.

A case defin it ion  m ay h ave several sets of criteria, depen din g on  h ow certain  th e
diagn osis is. For exam ple, durin g an  ou tbreak of m easles, you  m ay classify a person
with  fever an d rash  as a suspected  case of m easles; on e with  fever, rash  an d a h istory
of con tact  with  a confirm ed case of m easles as a probable case of m easles; an d on e
with  fever, rash  an d a posit ive serologic test  for m easles IgM an tibody as a
confirm ed case of m easles.
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A case defin it ion  m ay also in clude exclusion criteria  to exclude people even  if th ey
m eet th e criteria for a case. For exam ple, cases m ay be excluded on  th e basis of
th eir age.

W ho?

Coun tin g th e n um ber of persons in volved in  a h ealth  even t is on e of th e basic first
steps in  an  ep idem iological in vest igation . However, a sim ple coun t of cases is
in adequate for com parin g th e occurren ce of d isease in  d ifferen t  population s or
durin g d ifferen t  t im es, so case coun ts are con verted  in to risks or rates, wh ich  relate
th e n um ber of cases to th e size of th e population  (you  will learn  m ore about risks
an d rates in  Ch apter 2).

People d iffer in  certain  in h eren t  ch aracterist ics (e.g. age, eth n ic group, sex),
acquired  ch aracterist ics (e.g. im m un ity, n u trit ion ), socioecon om ic con dit ion s (e.g.
education , occupation , h ousin g), or h ealth -related  beliefs an d beh aviours (e.g.
tobacco or alcoh ol con sum ption , h ealth  care seekin g). Sin ce person al at tribu tes are
often  associated  with  h ealth  even ts, d ifferen ces in  th e d istribu tion  of th ese factors
sh ould  also be con sidered wh ile com parin g occurren ce of h ealth  even ts between
populat ion s.

W here?

Health  even ts are described by place to gain  in sigh t  in to th e geograph ical d ifferen ce
or exten t  of th e even t. Th e p lace can  be, for exam ple, p lace of residen ce, birth  or
em ploym en t, a d istrict , a state, or a coun try, depen din g on  wh at is appropriate to
th e occurren ce of th e h ealth  even t. An alysis of data by p lace can  also give clues as
to th e source of agen ts th at  cause d isease an d th eir m ode of tran sm ission . A spot
m ap is a m ap on  wh ich  each  case is related  to a specific type of p lace, such  as a p lace
of work; such  m aps can  be usefu l in  iden tifyin g th e source of th e causal agen t wh ile
in vestigatin g an  ou tbreak.

W hen?

Rates of occurren ce of d isease often  ch an ge over time. Plott in g th e an n ual rate of a
disease over a period of years can  sh ow th e lon g term  or secu lar tren ds in  th e
occurren ce of th e d isease. Th ese tren ds can  be used to h elp  predict  th e fu ture
in ciden ce of a d isease an d also to evaluate program m es or policy decision s, or
to suggest  wh at caused an  in crease or decrease in  th e occurren ce of a d isease.
Figure 1.1 is an  exam ple of such  a graph .

Act ivit y 1.1

Figure 1.1 shows a declining trend in the incidence of rheumatic fever in Denmark since
1900. The incidence drops particularly sharply after 1900, having been quite steady for
the previous 40 years. What might this suggest?
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Feedback

The nature of the curve suggests that some event or action might well have triggered
the decline in the incidence of rheumatic fever around 1900.

Rheumatic fever is caused by haemolytic streptococcal infection, which is associated
with poverty and overcrowding. It is, therefore, plausible to attribute the decline in
rheumatic fever to the improvement in socioeconomic conditions in Denmark that
occurred at the beginning of the twentieth century.

Graph s of th e occurren ce of a d isease by week or m on th , over th e course of a year or
m ore, sh ow its season al pattern . Som e diseases are kn own  to h ave typical season al
pattern s; for exam ple, th e in ciden ce of influen za in creases in  win ter.

W hy?

In  addit ion  to describin g th e levels an d pattern s in  th e occurren ce of h ealth  even ts
by person , p lace an d t im e, ep idem iology is con cern ed with  th e search  for causes
an d effects. Epidem iologists quan tify th e associat ion  between  poten tial determ in -
an ts of h ealth  states an d h ealth  even ts, an d test  h ypoth eses about causality an d
associat ion s between  th e determ in an ts an d h ealth  even ts. Th ere are several ep i-
dem iological study design s, bu t  th eir sh ared basic prin cip le is to m ake an  un biased
com parison  between  a group with  an d a group with out th e determ in an t or h ealth
even t un der in vestigation  (study design s are dealt  with  in  detail in  Ch apters 4–8).

Figure 1.1 Incidence of rheumatic fever in Denmark, 1862–1962

Source: from Beaglehole et al. (1993)
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Models of causat ion of disease

In  order to un derstan d th e prin cip les an d applicat ion s of ep idem iology, you  n eed
to kn ow th e poten tial processes an d path ways by wh ich  various factors can  lead
to ill h ealth . Th ere are several m odels of causation  th at  h ave been  proposed to
h elp  th e un derstan din g of d isease processes. In  ep idem iology, th e m odels widely
applied  are:

• th e ep idem iological t riad
• th e sufficien t  cause an d com pon en t causes m odel

The epidemiological t r iad

Th e epidem iological triad  or trian gle is th e tradit ion al m odel of causation  of
in fectious d iseases (Figure 1.2). It  is based on  th ree com pon en ts: an  extern al agent, a
susceptible host, an d an  environment th at  facilitates in teraction  between  th e h ost
an d th e agen t. Th e agen t  m igh t be a m icroorgan ism  such  as a virus, bacterium
or parasite; or a ch em ical substan ce. Host  factors are th e in trin sic factors th at
influen ce an  in dividual’s exposure, susceptibility, or respon se to a causative agen t:
for exam ple, age, sex, eth n ic group, an d beh aviour are som e of th e factors th at
determ in e an  in dividual’s risk of exposure to an  agen t; age, gen etic com posit ion ,
n u trit ion al an d im m un ological status are som e of th e factors th at  influen ce
in dividual susceptibility an d respon se to an  agen t. Th e en viron m en tal factors are
extrin sic factors th at  affect  th e agen t  an d th e opportun ity for exposure. Th ey
in clude ph ysical factors (e.g. clim ate, geological ch aracterist ics), biological factors
(e.g. vectors – in sects th at  t ran sm it  an  agen t) an d structural factors (e.g. crowdin g,
an d availability of h ealth  an d san itat ion  services).

Agen t, h ost  an d en viron m en tal factors are in terrelated  in  m an y ways. Th e balan ce
an d in teraction s between  th em  th at  lead  to th e occurren ce of d isease in  h um an s
vary for d ifferen t  d iseases.

Th is m odel can  work for som e n on -in fectious d iseases, bu t  th ere can  be d ifficu lt ies
because certain  factors are n ot  easily classified as agen ts or en viron m en tal factors.

Sufficient  cause and component  causes model

A sufficient cause is a set  of factors or con dit ion s th at  in evitably produces d isease.
Th e factors or con dit ion s th at  form  a sufficien t  cause are called  component causes.
Com pon en t causes in clude h ost  factors, agen ts an d en viron m en tal factors. If a

Figure 1.2 The epidemiological triad
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disease does n ot  develop  with out th e presen ce of a part icu lar com pon en t cause,
th en  th at  com pon en t cause is classified as a n ecessary cause. However, a sin gle
com pon en t cause, even  if it  is a n ecessary cause, is rarely a sufficien t  cause by itself.

For exam ple, exposure to th e in fectious agen t  Mycobacterium tuberculosis is a
n ecessary cause for tubercu losis, bu t  it  is n ot  sufficien t  as it  does n ot  always resu lt  in
disease (som e people m ay n ot  develop  th e d isease or m ay becom e carriers).
Wh eth er a person  develops a d isease or n ot  depen ds on  oth er com pon en t factors
wh ich  determ in e th eir susceptibility, such  as th eir im m un e status, con curren t
con dit ion s (e.g. HIV in fection , d iabetes, silicosis), gen etic factors, age an d socio-
econ om ic status. Sim ilarly, sm okin g is a com pon en t cause for lun g can cer
(sm okin g in creases th e risk of lun g can cer). However, sm okin g is n ot  a sufficien t
cause because n ot  all people wh o sm oke develop  lun g can cer; n or is it  a n ecessary
cause because lun g can cer can  develop  in  n on -sm okers.

Activ ity  1. 2

Three sufficient causes (1, 2 and 3) and their component causes (denoted by letters) of
a hypothetical disease are shown in Figure 1.3. If there are no other sufficient causes
of this disease, which component cause is a necessary cause?

Fee db ac k

Component cause A is the necessary cause since this factor is part of all three sufficient
causes; it must be present in combination with other factors for this disease to occur.

If Figure 1.3 were a represen tation  of th e on ly sufficien t  causes of tubercu losis, th en
Mycobacterium tuberculosis would  be represen ted  by com pon en t cause A, th e
n ecessary cause. Oth er factors such  as im m un ity, con curren t  illn ess, gen etic an d
socioecon om ic factors would  be represen ted  by com pon en ts B, C, D, E, F, G, H, I
an d J.

On  th e oth er h an d, if Figure 1.3 were a represen tation  of som e of th e sufficien t
causes of lun g can cer, th en  sm okin g could  be represen ted  by B wh ich  is presen t  in
sufficien t  causes 1 an d 2, bu t  n ot  in  3. Sufficien t  cause 3 m ay be th e cause of lun g
can cer in  in dividuals wh o do n ot sm oke.

Fi gu re 1. 3 Conceptual scheme of three sufficient causes of a hypothetical disease

Source: based on Rothman (2002)
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Th is con ceptual sch em e is able to sh ow th at  a d isease can  occur from  differen t
sufficien t  causes, an d th at  com pon en t causes m ay be un kn own  (as is often  th e case
in  n on -com m un icable d iseases). Th e sch em e also dem on strates th at  it  is n ot
n ecessary to iden tify every com pon en t of a sufficien t  cause in  order to preven t  a
disease; a d isease can  be preven ted by elim in atin g any single component cause sin ce
th is preven ts com pletion  of a sufficien t  cause. For exam ple, elim in atin g sm okin g
(com pon en t B) would  preven t  lun g can cer from  sufficien t  causes 1 an d 2, alth ough
som e lun g can cer would  st ill occur from  sufficien t  cause 3.

Natur al hi sto r y of  dis ea se

Th e natural history of disease refers to th e progress of th e d isease process in  an
in dividual over t im e an d in  th e absen ce of in terven tion  (Figure 1.4). Kn owledge of
th e n atural h istory of a d isease h elps us to un derstan d th e effects an d m ech an ism
of action s, poten tial in terven tion s, an d th e d ifferen t  levels of th e preven tion  of
disease.

Th e disease process begin s with  exposure to, or com pletion  of, a sufficien t  cause
of th e d isease. With out an  appropriate in terven tion , th e process en ds with
recovery, d isability or death . For exam ple, exposure to th e m easles virus in  a
susceptible in dividual in it iates th e stage of subclin ical d isease. Th e on set  of fever
on  about th e 10th  day (ran ge 7–18 days) after exposure m arks th e begin n in g of
clin ical d isease. Th e d isease, h owever, is usually d iagn osed aroun d th e 14th  day
wh en  th e typical rash es appear an d th en  th e d isease proceeds to recovery, to
com plication s such  as pn eum on ia, or to death , depen din g on  h ost  an d oth er
factors.

Man y diseases h ave a typical n atural h istory, bu t  th e t im e fram e an d m an ifest-
at ion s of d isease m ay vary between  in dividuals due to th e presen ce of h ost  factors
(e.g. im m un ity an d age) an d oth er determ in an ts of th e d isease. Man y factors
m ay affect  th e progress of a d isease in  an  in dividual an d th e likely ou tcom e. Th e
estim ation  of an  in dividual’s ou tcom e, takin g in to accoun t th e n atural h istory of
disease an d oth er risk factors, is kn own  as th eir prognosis.

Fi gu re 1. 4 Natural history of disease

Source: based on CDC (1992)
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Th e course of a d isease m ay also be m odified at  an y poin t  in  th e progression  by
preven tive an d th erapeu tic m easures. Th e subclin ical stage followin g exposure is
usually called  th e incubation period (for in fectious d iseases) or th e latency period (for
ch ron ic d iseases).

Applica tio ns  of  ep id emiolog y in  pu blic  he alt h

Epidem iological prin cip les, m eth ods, tools an d in form ation  are applied  in  every
aspect  of public h ealth  from  policy set t in g at  a m acro level to decision  m akin g
at  in dividual level. Th e brief d iscussion s th at  follow, alth ough  n ot  exh austive,
will give you  an  idea of th e spectrum  of application  of ep idem iology in  public
h ealth .

Community  he alt h as se ssment an d pr io rit y se tti ng

In  order to set  priorit ies an d appropriate policies, an d be able to p lan  program m es,
public h eath  profession als n eed an swers to question s like th e followin g:

• Wh at are th e actual an d poten tial h ealth  problem s in  th e com m un ity?
• Wh ere an d am on g wh om  are th ey occurrin g or would  th ey occur?
• Wh ich  problem s are in creasin g or decreasin g, or h ave th e poten tial to in crease

or decrease over t im e?
• How do th e levels an d pattern s of h ealth  problem s relate to th e exist in g h ealth

services?

Epidem iological m eth ods an d tools provide an swers to th ese an d oth er related
question s an d h elp  decision  m akin g for h ealth  policies an d program m es.

Ev alu at in g he alt h in te r ven tio ns  an d progr ammes

Epidem iological studies of th e efficacy (h ow well a h ealth  in terven tion  works un der
ideal con dit ion s) an d effectiveness (h ow well a h ealth  in terven tion works un der
usual con dit ion s) of h ealth  in terven tion s provide im portan t  in form ation  for
iden tifyin g appropriate in terven tion s. On goin g surveillan ce of d iseases is essen tial
to en sure th e con tin ued safety an d effectiven ess of h ealth  in terven tion s. Epidem i-
ological prin cip les an d m eth ods are also used in  evaluatin g h ealth  policies an d
program m es.

Preven tin g dis ea se an d promotin g he alt h

Epidem iological studies con tribu te to th e un derstan din g of th e causes, m odes of
tran sm ission , n atural h istories an d con trol m easures of d iseases. Th is un derstan d-
in g is essen tial for developin g appropriate h ealth  prom otion  strategies to preven t
disease perh aps in  th ose m ost  at  risk, or as a populat ion -wide effort  by tacklin g
kn own  causes. Studies can  provide in form ation  on  th e effect iven ess of h ealth
prom otion  in terven tion s an d iden tify for wh om  th ey are m ost  effect ive to h elp
direct  resources.
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Improvin g diagn os is, trea tment an d progn os is of  cl in ica l di se as e

Epidem iological research  con tribu tes to iden tification  of appropriate tests an d
criteria for d iagn osis an d screen in g. It  is im portan t  to kn ow th e d iagn ostic accuracy
of tests, th at  is, h ow well a test  can  d iscrim in ate between  th ose with  an d with out
th e d isease (you  will learn  m ore about d iagn ostic accuracy an d screen in g in
Ch apter 11). Epidem iological research  can  h elp  determ in e th e m ost  effective
treatm en t in  a given  situation  an d th e likely ou tcom e of patien ts, wh ich  is essen tial
for p lan n in g care.

Activ ity  1. 3

You have been given a lot of material to take in; some of it is intuitive, some less so. In
order to help you put these ideas in context, you will now look at a famous example
from the nineteenth century.

John Snow (1813–58) was a distinguished physician. As an epidemiologist, he is best
known for his studies of cholera, in particular of two outbreaks that occurred in
London in 1848–9 and 1854. This exercise is based on his work and illustrates the
epidemiological approach from descriptive epidemiology to hypothesis generation and
testing, and the application of epidemiological data.

Activities 1.3–1.7 are interrelated and use John Snow’s cholera studies as an example.
Feedback follows each activity so that you areprepared for the next one, but don’t read
the feedback until you have tried to answer the question for yourself. The answers
given in the feedback are not the only ‘correct’ answers. There are many ways to
approach these questions, and your answers can be different from those given in the
feedback.

Cholera periodically swept across Europe during the nineteenth century. After a severe
epidemic in 1832, the disease next appeared in London in 1848. The first definite case
of the outbreak occurred in September 1848 and was that of John Harnold, a seaman of
the ship Elbe, newly arrived from Hamburg where cholera was prevalent. Mr Harnold
died a few hours after the onset of symptoms on 22 September in a lodge near the
River Thames. The next case occurred in the same room; Mr Blenkinsopp, who lodged
in the room, had cholera on 30 September. During the epidemic approximately 15,000
deaths were recorded. The mortality from cholera in this epidemic was particularly
high in residential areas downstream, but decreased progressively upstream. Since
water must flow downhill, upstream areas are, of course, at lower risk than those
further downstream.

Snow had previously documented several circumstances in which people who had
come into contact with cases of cholera developed the disease within a few days. While
investigating several case series of cholera, he had made the following observations:

• Cholera was more readily transmitted in poor households and to those who had
handled a case of cholera.

• The mining population had suffered more than people in any other occupation.
• Almost no physician who attended to cholera cases or did post-mortems had

developed cholera.
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• Most cases of cholera developed within 24–48 hours after contact with a case of
cholera.

• The disease was characterized by profuse painless diarrhoea and often proceeded
with so little feeling of general illness that the patient did not consider himself in
danger, or seek advice, until the malady was far advanced.

Based on these observations, Snow postulated the following hypotheses on the mode
of transmission of cholera:

• Cholera can be transmitted from the sick to the healthy.
• Cholera is caused by some material (Snow called it ‘morbid matter’) which has the

property of increasing and multiplying in the body of the person it attacks.
• The ‘morbid matter’ producing cholera must be introduced into the alimentary canal

by swallowing.
• The ‘morbid matter’ may be transmitted through water from the sick to the healthy.

Microorganisms had not yet been discovered and one of the popular beliefs about
the causation of disease was the theory of ‘miasma’ – that breathing ‘bad air’ caused
disease.

1 How do you think Snow interpreted his observations to test his hypotheses and to
refute the miasma theory?

2 What are the plausible explanations for the observed association between the
elevation of the residential area and the level of mortality from cholera?

Fee db ac k

1 Snow argued that the risk of transmission of cholera was high in miners and other
people of lower socioeconomic status because these groups had poor hygiene prac-
tices and were, therefore, more likely to have contact with faecal matter from cholera
patients (especially through wet linen) than those of higher socioeconomic status. On
the other hand, not many physicians developed the disease because they washed their
hands after seeing each cholera patient. If the transmission were through air or a vector,
the disease would have been transmitted from cholera patients to more physicians.
Thus, the disease must be caused by some form of ‘morbid matter’ that is transmitted
by direct contact.

Citing the observation that there were very few or no signs of general illness at the
beginning of the disease, Snow proposed that the ‘morbid matter’ must be multiply-
ing in the alimentary canal rather than in the blood. If the ‘morbid matter’ were
transmitted by direct contact because of poor hygiene practices, and if the ‘morbid
matter’ multiplied in the gut, then swallowing the ‘morbid matter’ would produce the
disease.

2 The observed association between the elevation of area of residence and mortality
from cholera could support the theory of bad air causing cholera. However, Snow
argued that the water downstream was more likely to be polluted with sewage than the
water upstream. Thus, the increased risk of transmission of cholera in the areas down-
stream supported his theory that the ‘morbid matter’ was most probably transmitted
through water.
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Activ ity  1. 4

During the nineteenth century, drinking water in London was supplied by private
companies, which obtained water directly from the Thames. Each company had its own
network of pipes and in some areas these networks overlapped to such an extent that
the houses along a single street might be supplied by more than one company. The
Southwark and Vauxhall (S & V) Company and the Lambeth Company were the
two major companies that supplied water to cholera epidemic areas during these
periods.

London was free of cholera from 1849 until 1853, and during this period the Lambeth
Company moved its source of water upstream to an area outside London, while the
S & V Company continued to draw water from a downstream source within London.
When cholera reappeared in London in July 1853, Snow visited households where a
cholera death had been recorded and collected information on the routine sources
of water. The water sources for the households of the first 334 deaths are shown in
Table 1.1.

1 Do the data presented in this table support Snow’s hypothesis that cholera is
transmitted through water? Give reasons for your answer.

2 What further questions would you ask before reaching firm conclusions from these
data?

Fee db ac k

1 Snow managed to collect information on the source of water for 330 of the 334
deaths (99%). This is a very high level of success in follow-up. Although people might
have misreported the source of water, this would probably have been at random (the
chance of misreporting would apply equally to all sources of water).

2 The data seem to suggest that cholera mortality was higher in households that were
supplied by the S & V Company than in those supplied by the Lambeth Company.
You might continue to argue that the increased mortality in the households supplied by
the S & V Company was due to the company’s water source being downstream and
that therefore the data support Snow’s hypothesis that cholera ‘morbid matter’ is

Table  1. 1 Water sources of households of people who died of cholera in
London in 1853

Source of water Number of deaths

S & V Company 286
Lambeth Company 14
Direct from river 26
Pump wells 4
Unknown 4

Total 334

Source: based on Snow (1936)
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transmitted by water. However, although tempting, it is not appropriate to interpret the
figures in this way, without asking the following fundamental questions:

a) How many households were supplied by the S & V Company and how many by the
Lambeth Company?

b) What was the size of the populationssupplied by each of these companies?
c) Were the two populations comparable in their socioeconomic status?

For instance, the S & V Company might have supplied water to more people than the
Lambeth Company and this might explain the higher mortality in the population
supplied by the S & V Company. It is also possible that since the S & V Company was
drawing water from downstream, the households supplied by the company would have
been in downstream areas and would be likely to be poorer than the households
upstream. Thus, although these data appear to support Snow’s hypothesis, more
information is needed to be convincing.

Activ ity  1. 5

Snow collected dataon the number of houses supplied by the S& V Company and the
Lambeth Company.When the cholera epidemic recurred in London in 1854,he again
collected data on sources of water in the houses of those who died of cholera.
The number of cholera deaths per 10,000 houses during the first seven weeks of
the epidemic (8 July to 26 August) in houses using different water sources is shown
in Table 1.2.

Do you think these data are adequate to conclude that cholera mortality is higher
in houses supplied by the S & V Company than in houses supplied by the Lambeth
Company? Discuss your answer.

Fee db ac k

The risk of cholera death in houses supplied by the S & V Company was 315/10,000; in
houses supplied by Lambeth Company it was 38/10,000; and in houses supplied by
other sources it was 55/10,000. These data suggest that the risk of cholera death was
8–9 times as high (315/37) in houses supplied by the S & V Company as in houses
supplied by the Lambeth Company. However, to reach this conclusion, it has to be
assumed that the number of people per household, their socioeconomic status, and
other potential factors associated with the risk of transmission of cholera are

Table  1.2 Sources of water and cholera mortality in London, 9 July–26 August 1854

Source of water Total number of
households

Number of cholera
deaths

Deaths per
10 000 houses

S & V Company 40 046 1 263 315
Lambeth Company 26 107 98 38
Other 256 423 1 422 55

Source: Snow (1936)
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comparable between these two populations. This might not be the case; for instance,
the S & V Company might have supplied water to multiple-occupancy buildings while
Lambeth supplied individual houses. If this were the case, then the risk of cholera death
per house between the two populations would not be comparable since the average
number of people per house would differ between them.

Activ ity  1. 6

Snow investigated a severe outbreak of cholera in the Soho area of London near
his house. He collected the house addresses of all 616 recorded cholera deaths
between 19 August and 30 September 1854. From these data he produced a spot map
showing the distribution of cholera deaths and the positions of the water pumps
(Figure 1.5).

Fi gu re 1. 5 Distribution of cholera cases around Golden Square, London, August–September
1854

Source: Snow (1936)
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1 Using Figure 1.5, describe the distribution of cholera deaths in relation to the
position of water pumps.

2 What explanations can you think of for the differences in the distribution of deaths
around water pumps A, B and C?

3 Can you conclude that water from pump A was the source of the cholera epidemic?

4 What further information do you need?

Fee db ac k

1 Figure 1.5 shows that there was spatial clustering of deaths around pump A and very
few deaths near pumps B and C.

2 If water from the pumps was the source of cholera, why were there fewer deaths
around pumps B and C than around pump A? It is possible that people did not drink the
water from pumps B and C for reasons such as bad taste or smell; the pumps might not
have been conveniently situated for use; the water from these pumps might not have
carried the ‘morbid matter’ of cholera.

3 The explanations in answer 2 are not sufficient information on which to conclude
that pump A was the source of cholera; there are two blocks of buildings very close to
pump A where there was not a single death from cholera.

4 Although water from pump A might be the source, more information is needed to
explain the absence of death in the two blocks nearby before reaching this conclusion.
It would only be possible to implicate the water from pump A as the source of the
epidemic if it could be shown that there was no death in these blocks for reasons such
as:

a) no one lived there
b) the inhabitants had alternative sources of water
c) the inhabitants had some kind of protection against cholera.

Activ ity  1. 7

Snow discovered that a brewery was located in the two blockswith no deaths from
cholera, and a deep well on the premises. The brewery workers and the people who
lived close by collected water from the brewery well. In addition, the brewery workers
had a daily quota of malt liquor. Snow was now convinced that pump A was the source
of the cholera and he persuaded the local authorities to remove the pump. This was
achieved on 8 September. The dates of onset of symptoms of the 616 fatal cases of
cholera recorded between 19 August and 30 September are shown in Figure 1.6.

1 What does the graph in Figure 1.6 show?

2 Why do you think the epidemic stopped?
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Fee db ac k

1 There appears to have been a low background incidence of cases (zero or one case
per day) before 30 August. There was an explosive rise in the number of cases over 3
days, which decreased to previous levels after 12 days. The most likely explanation for
the sudden rise in the incidence of fatal cases of cholera would be exposure of the
population to a causal agent from a common source.

2 There are several possible explanations for the cessation of the epidemic:

a) People who lived in the area of epidemic might have moved out due to fear of
contracting cholera.

b) If all susceptible people had been exposed within a short time, there would be very
few susceptible individuals remaining.

c) The level of causal agent in the water could have been reduced.

It  is un likely th at  rem oval of pum p A stopped th e ep idem ic because th e in ciden ce
of fatal ch olera cases h ad already dropped alm ost  to th e backgroun d level by th e
tim e th e pum p was rem oved. However, an oth er ou tbreak of ch olera cou ld  h ave
occurred  if th e n um ber of susceptible in dividuals reach ed a crit ical poin t  wh ile th e
water from  pum p A con tain ed th e causal agen t an d was st ill available for use.

Fi gu re 1. 6 Distribution of cases of cholera by date of onset

Source: based on data from Snow (1936)
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Vibrio cholera, th e causal agen t of ch olera, was isolated  by Robert  Koch  in  1883,
several decades after Sn ow h ad con cluded from  h is ep idem iological in vestigation s:

I feel confiden t, h owever, th at  by at ten din g th e above m en tion ed precau tion s
(person al h ygien e, boilin g soiled  bedcloth es of patien ts, isolat ion  an d quaran tin e,
im proved waste d isposal, drain age, provision  of clear water), wh ich  I con sider to be
based on  correct  kn owledge of th e cause of ch olera, th is d isease m ay be ren dered
extrem ely rare, if in deed it  m ay n ot  be altogeth er ban ish ed from  civilized  coun tries.

Summar y

You sh ould  n ow be able to describe key aspects of th e ep idem iological approach  to
h ealth  even ts in  term s of th e even t’s d istribu tion  in  person , p lace an d t im e. You
sh ould  be able to un derstan d epidem iological m odels of causation  of d isease. You
sh ould  be able to un derstan d th at  resu lts of ep idem iological in vestigation s are
required  to provide in form ation  about th e n atural h istory of d isease an d progn osis,
an d to h elp  iden tify appropriate in terven tion s an d m easures of con trol in  public
h ealth .
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2 Epidemiological measures of
health and disease: frequency

Over view

Th e frequen cy of occurren ce of d isease, in ju ry an d death  often  varies over t im e an d
between  populat ion s. Epidem iological prin cip les an d m eth ods are used to describe
th e frequen cy an d th e determ in an ts of th ese even ts. In  th is ch apter you  will learn
about th e ep idem iological m easures th at  are used to quan tify th e frequen cy of
m orbidity an d m ortality in  a population .

Learning object ives

After  working through this chapter, you will be bet ter  able to:

• define and calculate a range of measures of frequency of disease, including
prevalence, r isk, odds and rates

• define and calculate crude and specific mor talit y (morbidit y) rates
• explain the lim itat ions of compar ing crude rates between populat ions

and the methods to overcome these lim itat ions.

Key terms

In cid en ce Th e frequen cy of n ew cases in  a defin ed population  durin g a specified period of
t im e. In cid en ce r isk  (cu m u la t ive in cid en ce) Calcu lated  by d ivid in g th e n um ber of n ew
cases of a d isease in  a specified t im e period by th e total populat ion  at  risk durin g th at  period.
In cid en ce ra te Calcu lated  by d ividin g th e n um ber of n ew cases of a d isease in  a specified t im e
period by th e total person -t im e at  risk durin g th at  period.

Preva len ce Th e frequen cy of exist in g cases (e.g. of a d isease) in  a defin ed population  at  a
part icu lar poin t  in  t im e (poin t  prevalen ce), or over a given  period of t im e (period prevalen ce),
as a proportion  of th e total population .

Definit ion of a case

In  th e previous ch apter you  learn ed about th e basic con cepts of ep idem iology, an d
th e com pon en ts of th e ep idem iological approach . In  th is ch apter, you  will look
m ore closely at  th ese com pon en ts, wh ich  were in troduced by th e question s
‘wh at?’, ‘wh o?’, ‘wh ere?’, ‘wh en ?’ an d ‘wh y?’, an d discover h ow th ey are used to
an swer question s th at  arise in  ep idem iological research .
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To be able to quan tify th e occurren ce of d isease in  populat ion s, you  will n eed
to h ave a clear idea of wh at is m ean t by a case, th at  is, th e person  in  a population
wh o h as a part icu lar d isease, or to wh om  th e even t of in terest  occurs (e.g. death ).
Th e case defin it ion  will in  tu rn  rely on  th e stan dard  criteria used to iden tify th at
d isease or even t , an d it m ay also be im portan t  to realize th at  an y on e person  m ay
experien ce m ore th an  on e episode of a d isease or even t.

However, kn owledge of th e n um ber of cases in  a population  is of lit t le use on
its own . We also n eed to kn ow th e size of th e populat ion  from  wh ich  th e cases
origin ate. For exam ple, if you  foun d th at  th ere were 75 cases of tubercu losis in
village A an d on ly 25 cases in  village B, you  m igh t be tem pted to con clude th at
tubercu losis was m ore com m on  in  village A th an  in  village B. However, with out
kn owin g h ow m an y people live in  each  village, th is com parison  is im possible to
m ake.

Measu res  of di se as e freq ue nc y

In  th is section , you  will learn  about th e d ifferen t  ways to m easure d isease frequency.
Th ere are two m ain  types of d isease frequen cy – prevalen ce an d in ciden ce. Both
m easures relate to th e n um ber of cases in  a populat ion , an d also in clude som e
con cept of th e t im e over wh ich  m easurem en t is carried  ou t .

Preva le nc e

Prevalence, or m ore correctly point prevalence, is th e frequen cy of exist in g d isease in  a
defin ed populat ion  at  a part icu lar poin t  in  t im e. It  is m easured by d ivid in g th e
n um ber of cases with  th e d isease by th e total n um ber of people in  th e populat ion  at
th e sam e poin t  in  t im e:

Poin t prevalen ce =
Num ber of cases with disease at a poin t in tim e

Total n um ber of people in defin ed populat ion at sam e poin t in tim e
.

Alth ough  you  sh ould  always specify th e poin t  in  t im e to wh ich  poin t  prevalen ce
refers, prevalen ce is a proportion  so it  is d im en sion less (i.e., it  h as n o un its). It  is
th erefore in appropriate to use th e term  ‘prevalen ce rate’, even  th ough  th is is
com m on .

You m ay also see use of th e term  period prevalence. Th is refers to th e n um ber of
people wh o were iden tified as cases at  an y t im e durin g a specified period of t im e
(usually a sh ort  period), d ivided by th e total n um ber of people in  th at  population .
Period prevalen ce m ay also in clude people wh o becam e cases durin g th at  t im e
period.

In cid en ce

Wh ereas prevalen ce is th e frequen cy of existing cases of d isease in  a population ,
in ciden ce is th e frequen cy of new cases of d isease in  a defin ed population  durin g a
specified t im e period. Figure 2.1 sh ows h ow in ciden ce an d prevalen ce relate to on e
an oth er. Th ere are th ree d ifferen t  ways of m easurin g in ciden ce.
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Risk or cumulative incidence

Th e first  m easure of in ciden ce is called  cumulative incidence, or risk, sin ce it  refers to
th e occurren ce of risk even ts (d isease, in ju ry or death ) in  a group of people studied
over t im e. It  is calcu lated  in  m uch  th e sam e way as prevalen ce, bu t  rath er th an
exist in g cases, on ly n ew cases are coun ted  over th e specified t im e in terval. In  th is
exam ple, th e risk even t is d isease:

Cum ulative in ciden ce =
Num ber of n ew cases with disease in a specified tim e period

Num ber of disease-free people at th e start of th e tim e period
.

It  is im portan t  to n ote th at  th e den om in ator is th e total n um ber of people wh o
were free of d isease at  th e start  of th e t im e period. Th is is defin ed as th e ‘population
at  risk’. Also n ote th at , like prevalen ce, th is m easure is a proportion  an d is d im en -
sion less. However, because cum ulative in ciden ce will in crease over t im e, th e t im e
period over wh ich  it  is m easured m ust  be clearly stated . For exam ple, if a group of
100 people were studied  for a year, an d 25 h ad caugh t a cold  at  som e poin t  durin g
th e year, you  would  say th at  th e risk of catch in g a cold  was 0.25 or 25% in  th at  year
in  th at  group.

Odds

An oth er way of m easurin g in ciden ce is to calcu late th e odds of disease, in ju ry or
death . Rath er th an  usin g th e n um ber of d isease-free people at  th e begin n in g of th e
tim e period, odds are calcu lated  by usin g th e n um ber of d isease-free people at  th e
en d of th e specified t im e:

Odds of disease =
Num ber of n ew cases with disease in a specified tim e period

Num ber of people wh o were st ill d isease-free by th e en d of th e tim e period
.

Like prevalen ce an d cum ulative in ciden ce, th is m easure is d im en sion less. However,
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rath er th an  bein g a proportion , th e odds are a rat io of two proportion s:

Odds of disease =
Probability of gett in g th e disease by th e en d of t im e period

Probability of n ot gett in g th e disease by th e en d of th e tim e period
.

Note th at  th ese form ulae are equ ivalen t , sin ce th e den om in ators used to calcu late
probabilit ies of gett in g or n ot  gett in g d isease will be iden tical an d will th erefore
can cel each  oth er ou t . In  th e exam ple sh own  above, in  wh ich  25 people in  a popu-
lat ion  of 100 caugh t a cold  durin g a part icu lar year, th e odds of d isease would  be
calcu lated  by d ivid in g 25 by 75 (or 25% divided by 75%), wh ich  gives an  an n ual
odds of 0.33 of catch in g a cold .

Incidence rate

Both  risk an d odds assum e th at  th e population  at  risk is followed over a specified
tim e period, an d th at  all th ose wh o are in cluded at  th e begin n in g of th e t im e period
are coun ted  at  th e en d of th e period. Th is is called  a closed populat ion  or a cohort.
However, you  m igh t wan t to look at  in ciden ce in  a dynamic or open populat ion  over
a lon ger period of t im e, durin g wh ich  people en ter an d exit  th e population  at  risk at
d ifferen t  poin ts. In  th is situation , people in  th e group m ay h ave been  at  risk for
differen t  len gth s of t im e. Th erefore, in stead of coun tin g th e total n um ber of people
at  th e start  of th e study, th e t im e th at  each  in dividual spen ds in  th e study before
becom in g a case n eeds to be calcu lated . Th is is kn own  as th e person -t im e at  risk an d
is illustrated  in  Figure 2.2.

Th e in ciden ce rate is obtain ed by d ivid in g th e n um ber of people wh o h ave becom e
cases by th e person -t im e at  risk:

In ciden ce rate =
Num ber of n ew cases with disease in a specified tim e period

Total person -t im e at risk durin g th at t im e period
.



Measures of health and disease: frequency 23

Th is m easure of d isease frequen cy is also kn own  as incidence density or force of
morbidity (or force of mortality if th e even t is death ). Because person -t im e is used in
th e calcu lat ion  of in ciden ce rate, th e in ciden ce rate is stated  as th e n um ber of n ew
cases per person -t im e at  risk, wh ich  m igh t be person -days, person -m on th s, person -
years, or com m on ly per 100 person -years.

In  th e exam ple sh own  in  Figure 2.2, th e in ciden ce rate is obtain ed by d ividin g th e
total n um ber of cases of d isease by th e total person -years of follow-up. Four people
becam e cases durin g th e study, so th e in ciden ce rate is 4/40.5 = 0.099 cases per
person -year or 9.9 cases per 100 person -years of observation .

In  m uch  larger studies, wh ere it  m igh t be d ifficu lt  to m easure th e exact  person -t im e
for every in dividual in  th e study, th e m id-period population  can  be used as an
estim ate for th e total person -t im e at  risk. In  th is situation , th e average populat ion
at  th e m id-poin t  of th e calen dar period of in terest  is m ult ip lied  by th e n um ber of
years over wh ich  th e study took p lace. Use of th e m id-period population  allows for
people to en ter an d leave th e study, as lon g as th e population  size does n ot  ch an ge
substan tially over th e study period an d th e in ciden ce is low.

Now it  is t im e for you  to h ave a go. Th e followin g activity con sists of several
question s. If you  fin d an y question  un clear or d ifficu lt , refer back to th e text  above
wh ile tryin g to an swer. Try to com plete all th e question s before you  look at  th e
feedback.

Activ ity  2. 1

One thousand men who were working in factory A were screened for HIV on 1
January 2002 and 50 of them were found to be positive for HIV antibodies. The screen-
ing was repeated in the same 1000 men on 1 January 2003 and this time 62 men were
positive, including the 50 men who were positive on the first screening (no one had
died or was lost to follow-up).

1 What is the prevalence of HIV in men working in factory A on 1 January 2002, and
on 1 January 2003?

2 What is the annual risk of developing HIV infection in men working in factory A in
2002?

One thousand men from factory B were screened for HIV on 1 January 2002 and 50
men were found to be HIV-positive. All the men were tested for HIV once a month
until 31 December 2002. Twelve men became HIV-positive during these 12 months.
Figure 2.3 shows when these 12 men became HIV-positive. Tests were always carried
out at the end of the month. The remaining 938 men were still HIV-negative by 31
December 2002. No one died or was lost to follow-up during this period.

3 What were the odds of becoming infected with HIV in the first 6 months of 2002 in
the 12 men who became HIV-positive that year?

4 What is the total number of person-months at risk of HIV infection observed in this
study?

5 What is the incidence rate of HIV infection in men working in factory B?
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1 Number of prevalent cases at 1 January 2002 = 50.

Number of persons in the population in January 2002 = 1000.

Therefore, the prevalence at 1 January 2002 = 
50

1000
 × 100 = 5%.

Number of prevalent cases at 1 January 2003 = 62.

Number of persons in the population at 1 January 2003 = 1000.

Therefore, the prevalence at 1 January 2003 = 
62

1000
 × 100 = 6.2%.

2 Number of incident cases in 2002 = 12.

Number of persons at risk of HIV infection in January 2002 = 1000 − 50 = 950.

The annual risk of developing HIV infection = 
12

950
 × 100 = 1.26%.
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The 50 men who were HIV-positive on 1 January 2002 are not included in the
denominator. The reason for this exclusion is that HIV-positive individuals do not
become HIV-negative, and therefore those who were HIV-positive on 1 January 2002
were not at risk of developing HIV infection during 2002.

3 Number of men who became HIV-positive in the first 6 months of 2002 = 7.
Number of men who did not become HIV-positive during first 6 months = 5.
Therefore, among those who became HIV-positive in 2002, the odds of becoming
HIV-positive in the first 6 months = 7/5 = 1.4.

4 Person-months at risk contributed by HIV-negative men = 938 × 12 = 11,256.
Person-months at risk contributed by men infected at the beginning of study = 0.
Person-months at risk contributed by the 12 men infected during the study period =
1 + (3 × 4) + 5 + (2 × 6) + 8 + 9 + (2 × 11) + 12 = 81.
Total person-months at risk observed = 11,256 + 81 = 11,337.

5 To calculate the incidence rate you have to select an appropriate unit of person-time
at risk for the denominator. In this example, person-months would be appropriate since
the person-months at risk contributed by the men who were infected during the study
period can be easily computed from the table.

Total number of incident cases = 12.

Incidence rate = 
12

11,337
 × 1000 = 1.06 per 1000 person-months.

Uses of  freq ue nc y measu res

As you  m ay h ave n oted , prevalen ce an d in ciden ce are closely related . However,
each  m easure provides sligh tly d ifferen t  in form ation . Prevalen ce is a usefu l
m easure in  a h ealth  care set t in g, wh ere it  is im portan t  to assess th e public h ealth
im pact of a specific d isease with in  a com m un ity, an d to est im ate wh at services
are requ ired . However, it  is n ot  a m easure th at  can  be used to in vestigate causal
relat ion sh ips. Th is is because it  is n ot  possible to d ist in guish  between  th e factors
th at  lead  to th e d isease an d th e factors th at  cause th e d isease to persist  in  th at
populat ion . In ciden ce is th erefore a m ore usefu l m easure in  th is respect , an d
th e ways in  wh ich  in ciden ce m easures can  be used to in vestigate associat ion  are
outlin ed in  th e n ext  ch apter.

Crud e an d sp ec ifi c ra te s

In ciden ce m easures can  also be used to m ake com parison s of d isease (m orbidity) or
death  (m ortality) between  populat ion s, or in  th e sam e population  over d ifferen t
t im e periods. Wh ere an  in ciden ce rate applies to an  en tire population , it  is referred
to as a crude rate. However, care n eeds to be taken  wh en  usin g crude rates to m ake
com parison s between  populat ion s, or over t im e, because th ey do n ot take in to
accoun t d ifferen ces in  th e dem ograph ic ch aracterist ics (e.g. age, sex, social class,
eth n ic group) between  th ose population s.
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For th is reason , specific rates are often  used, wh ere th e rates are reported  separately
for d ifferen t  categories of people. On e of th e m ost  im portan t  categories is age, sin ce
age is stron gly associated  with  th e occurren ce of d isease or death , an d can  also
differ substan tially between  population s. For exam ple, th e crude an n ual rates of
can cer in  1996 in  Argen tin a an d th e Un ited  Kin gdom  were 145 cases per 100,000
populat ion  an d 266 cases per 100,000 population , respectively. However, Table 2.1
sh ows th at  th e age-specific can cer rates for th ese two populat ion s do n ot  seem  to
differ m arkedly. Th is is wh ere it  becom es im portan t  to un derstan d wh at is h appen -
in g in  th e two population s with  regard  to th eir age dem ograph ics. Figure 2.4 sh ows
th e populat ion  percen tages in  each  5-year age ban d. From  th e figure, it  is clear th at
proportion  of th e population  aged less th an  25 years is m uch  larger in  Argen tin a
th an  it  is in  th e Un ited  Kin gdom . Th is age group also h as th e lowest  rates of can cer,
wh ich  is wh y th e crude rate in  Argen tin a seem s so m uch  lower th an  th e rate in  th e
Un ited  Kin gdom .

St an da rdiz ed  ra te s

Age-specific rates m ay be m ore accurate th an  crude rates, bu t  com parison  of m an y
rates over m an y age ban ds can  be awkward. Even  with  th e age-specific can cer rates
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given  in  Table 2.1, it  is st ill alm ost  im possible to tell wh ich  coun try h as th e lower
an n ual m ortality from  can cer. Before readin g on , see if you  can  guess from  th e
in form ation  in  Table 2.1 wh ich  coun try h as th e lower m ortality.

To m ake com parison s between  rates, som e form  of stan dardization  n eeds to be
used, so th at  th e dem ograph ic ch aracterist ics (usually th e age structure) of th e two
populat ion s can  be taken  in to accoun t. Com parin g crude rates can  be m isleadin g
due to th e confounding effect  of age or sex. (Con foun din g is dealt  with  in  m ore
detail in  Ch apter 9.)

Stan dardization  is carried  ou t  by com parin g th e population  of in terest  to a ‘stan d-
ard  population ’ for wh ich  th e age structure (population  n um bers in  each  age ban d)
an d age-specific rates are kn own . Th is can  be an y populat ion , for exam ple, a larger
populat ion  of wh ich  th e population  of in terest  is a part , th e com bin ation  of two
populat ion s th at  are bein g com pared, or sim ply an oth er populat ion  ch osen  by th e
in vestigator.

Direct standardization

Direct  stan dardization  can  be carried  ou t  wh en  th e age-specific rates of th e popula-
t ion  un der study are kn own . Th e age structure of th e stan dard  population  is th en
applied  to th ese specific rates to obtain  a stan dardized rate. Th is can be illustrated
by stan dardizin g th e 1996 Argen tin a can cer m ortality rate to th e 1996 UK rate. Th is
is don e by m ult ip lyin g each  age-specific rate for th e Argen tin ian  populat ion  by th e
n um ber of people in  each  age ban d of th e stan dard  population  (Table 2.2). Th ese
n um bers are th en  added togeth er to give th e n um ber of cases th at  would  be
expected  if th e study bore th e sam e age d istribu tion  as th e stan dard  population .

Table  2. 1 Crude and age-specific annual rates of cancer in Argentina and the United Kingdom
per 100,000 population, 1996.

Age (years) Argentina United Kingdom

0–4 4.8 3.2
5–9 3.7 3.1

10–14 4.0 2.8
15–19 5.5 4.3
20–24 6.6 6.1
25–29 10.9 7.8
30–34 20.0 13.7
35–39 36.4 28.4
40–44 65.8 54.3
45–49 118.7 101.1
50–54 198.8 187.0
55–59 305.3 315.1
60–64 445.6 494.8
65–69 611.2 774.8
70–74 815.2 1 122.5
75–79 1 030.3 1 415.5
80–84 1 498.1 1 756.0
85+ 2 307.9 1 985.8
All ages (crude rate) 145.0 265.7

Source: data from WHO IARC (2004)
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Th e overall rate can  th en  be calcu lated  by d ivid in g th is total n um ber of expected
cases by th e total n um ber of people in  th e stan dard  population .

If th e Un ited  Kin gdom  1996 population  is used as th e stan dard  population , a
stan dardized can cer m ortality rate of 239.2 cases per 100,000 is calcu lated  for
Argen tin a in  1996 (Table 2.2). Th is is clearly lower th an  th e m ortality rate for th e
Un ited  Kin gdom  of 268.8 cases per 100,000. However, it  is im portan t  to rem em ber
th at  th is stan dardized rate is n ot  a true rate, an d on ly tells you  h ow th e m ortality
relates to an oth er population .

Indirect standardization

If th e age-specific rates for a population  are un kn own , or if th e population  un der
study is sm all, th en  in direct  stan dardization  can  be used. Th is m eth od applies th e
age-specific rates from  th e stan dard  population  to th e age structure of th e popula-
t ion  un der study. Th e stan dardized rate th at  is obtain ed is th e rate th at  would  h ave
been  expected  if th e population  studied  h ad th e sam e age-specific rates as th e
stan dard  populat ion . Th is rate can  th en  be com pared with  th e crude rate for th e
populat ion  un der study.

Table  2.2 Direct standardization of Argentinian cancer mortality, using the United Kingdom as
standard population

Age (years) UK (standard)
population
(× 1000)

UK age-specific
rate*

Number of
cases

Argentina
age-specific
rate*

Expected
number of
cases

0–4 3 575.20 3.2 114 4.8 172
5–9 3 862.70 3.1 120 3.7 143

10–14 3 884.50 2.8 109 4.0 155
15–19 3 682.70 4.3 158 5.5 203
20–24 3 563.90 6.1 217 6.6 235
25–29 4 153.10 7.8 324 10.9 453
30–34 4 745.60 13.7 650 20.0 949
35–39 4 835.30 28.4 1 373 36.4 1 760
40–44 4 169.60 54.3 2 264 65.8 2 744
45–49 3 773.80 101.1 3 815 118.7 4 480
50–54 4 058.90 187.0 7 590 198.8 8 069
55–59 3 250.20 315.1 10 241 305.3 9 923
60–64 2 883.50 494.8 14 268 445.6 12 849
65–69 2 582.60 774.8 20 010 611.2 15 785
70–74 2 334.60 1 122.5 26 206 815.2 19 032
75–79 1 992.70 1 415.5 28 207 1 030.3 20 531
80–84 1 244.30 1 756.0 21 850 1 498.1 18 641
85+ 1 162.40 1 985.8 23 083 2 307.9 26 827

All ages 59 755.60 160 600 142 949

Standardized
rate*

160 600

59 755 600
 × 100 000 = 268.8

142 949

59 755 600
 × 100 000 = 239.2

*per 100 000 population.

Source: data from WHO IARC (2004)
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Th e usual way to presen t  th e resu lts of in direct  stan dardization  is to calcu late th e
stan dardized m ortality rat io (SMR), wh ich  is obtain ed by d ivid in g th e observed
crude rate by th e expected  rate, an d m ult ip lyin g it  by 100. More details on  SMRs
an d stan dardization  are given  in  Activity 2.3.

Th e n ext act ivity will allow you  to con solidate wh at you  h ave learn ed about crude
an d specific rates.

Activ ity  2. 2

A total of 1,176,453 deaths (all causes in the whole population) were reported in
country X in 2003. The mid-year population in 2003 was estimated to be 198,812,000.
HIV-related deaths and mid-year population by age group are given in Table 2.3.

1 Calculate the crude death rate (from all causes) in country X in 2003.

Now complete Table 2.3 by answering the following questions:

2 Calculate the crude HIV-related death rate in country X in 2003 in the whole
population.

3 Calculate the age-specific HIV-related death rate among 5–14-year-olds and among
35–44-year-olds.

HIV-related deaths and mid-year population by age group in Country Y in 2003 are
given in Table 2.4.

4 Calculate the age-specific HIV-related death rates for country Y in 2003, and
complete Table 2.4.

The HIV-specific death rate for country Y in 2003 was 4.5 per 100,000 population. Your
calculation for Question 2 should have given you the HIV-specific death rate in country
X in 2002 as 5.5 per 100,000 population.

5 Can you conclude that a person living in country X has a risk of dying from HIV that
is 1.2 times (5.5/4.5 = 1.2) as high as a person living in country Y?

6 Discuss the limitations of the comparison in Question 5 and outline two ways to
overcome them.

Table  2.3 HIV-related deaths and estimated population by age groups in country X, 2003

Age group (years) HIV-related deaths Mid-year population Age-specific HIV-related
death rate (per 100 000
population)

0–4 110 11 217 000 1.0
5–14 30 28 146 000

15–24 423 31 698 000 1.3
25–34 4 328 37 315 000 11.6
35–44 4 096 29 305 000
45–54 1 522 19 276 000 7.9
55+ 897 41 855 000 2.1
Total 11 406 198 812 000
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1 Total number of deaths (country X) = 1,676,453.

Mid-year population (country X, 2003) = 198,812,000.

Crude death rate = 1,676,453/198,812,000 × 100 000 = 843 deaths per 100,000
population.

2 Total number of HIV-related deaths = 11,406

Mid-year population = 198,812,000.

Crude HIV-related death rate = 11,406/198,812,000 × 100,000 = 5.7 deaths per
100,000 population.

3 Total number of HIV-related deaths in 5–14-year-olds = 30.

Mid-year population = 28,146,000

Age-specific HIV-related death rate = 30/28,146,000 × 100,000 = 0.13 deaths per
100,000 people aged 5–14 years.

Total number of HIV-related deaths in 35–44-year-olds = 4096.

Mid-year population = 29,305,000

Age-specific HIV-related death rate = 4096/29,305,000 × 100 000 = 14.0 deaths per
100,000 people aged 35–44 years.

4 Age-specific HIV-related death rate for 0–4-year-olds in country Y = 1.0 per
100,000.
Age-specific HIV-related death rate for 5–14-year-olds in country Y = 0.14 per
100,000.
Age-specific HIV-related death rate for 15–24-year-olds in country Y = 1.3 per
100,000.
Age-specific HIV-related death rate for 25–34-year-olds in country Y = 11.6 per
100,000.
Age-specific HIV-related death rate for 35–44-year-olds in country Y = 14.0 per
100,000.
Age-specific HIV-related death rate for 45–54-year-olds in country Y = 7.9 per
100,000.
Age-specific HIV-related death rate for 55-year-olds in country Y = 2.1 per 100,000.

Table  2.4 HIV-related deaths and estimated population by age group in country Y, 2003

Age group (years) HIV-related deaths Mid-year population Age-specific HIV-related
death rate (per 100 000
population)

0–4 336 33 600 000
5–14 87 62 400 000

15–24 499 38 400 000
25–34 4 454 38 400 000
35–44 3 360 24 000 000
45–54 1 516 19 200 000
55+ 504 24 000 000
Total 10 756 240 000 000 4.5
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5 It is not possible to conclude that the mortality rate from HIV is 1.2 as high in
country X as in country Y for the following reasons:

a) The age-specific HIV-related death rates vary between age groups (from 0.14 per
100,000 in 5–14-year-olds to 14 per 100,000 in 35–44-year-olds).

b) The distribution of the population between age groups differs between country X and
country Y. The number of individuals and the proportion of each age group in these
two populations are shown in Table 2.5.

6 The comparison of HIV-related death rates is a comparison of crude rates because
they are not age-specific. The main limitation of comparing two crude death rates is
that no account is taken of the effect of age differences between the two populations.
There are two options for overcoming this limitation.

a) You can compare the age-specific HIV-related death rates in the two countries (Table
2.6). This demonstrates no difference in the age-specific HIV-related death rates.
However, there are more HIV-related deaths in country X because there are more
people in the age groups associated with higher risk of HIV-related death (25–34 years
and 35–44 years) in country X than in country Y (Table 2.5).

b) You can adjust for the effect of age on mortality by calculating age-adjusted or standard-
ized HIV-related death rates. Both types of standardization method, direct and indirect,
can be applied in this case since the age-specific death rates in both populations are
available.

Table  2.5 Distribution of age groups in the populations of country X and country Y

Age group
(years)

Number of individuals in country
X population

% Number of individuals in country Y
population

%

0–4 11 217 000 6 33 600 000 14
5–14 28 146 000 14 62 400 000 26

15–24 31 698 000 16 38 400 000 16
25–34 37 315 000 19 38 400 000 16
35–44 29 305 000 15 24 000 000 10
45–54 19 276 000 10 19 200 000 8
55+ 41 855 000 21 24 000 000 10
Total 198 812 000 100 240 000 000 100

Table  2.6 Age-specific HIV-related death rates in country X and country Y

Age group (years) Age-specific HIV-related death
rate per 100 000 in country X

Age-specific HIV-related death
rate per 100 000 in country Y

0–4 1.0 1.0
5–14 0.11 0.14

15–24 1.3 1.3
25–34 11.6 11.6
35–44 14.0 14.0
45–54 7.9 7.9
55+ 2.1 2.1
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You are not expected to know how to apply the methods of standardization at this
stage. However, you do have to know why these methods are applied when comparing
mortality and morbidity rates or risks between populations.

If the HIV-related death rate of country Y is adjusted using the population of country X
(direct method), the age-adjusted rate for country Y is 5.7 per 100,000 – exactly the
same as the rate in country X. This shows that the difference between the unadjusted
rates of HIV-related death (5.7 vs. 4.5 per 100,000) is due to the effect of age and can be
controlled by standardization.

Activ ity  2. 3

We can look at some data comparing mortality in two populations to illustrate the
potential to mislead if only crude measures are used. Look at the data in Table 2.7. We
can see that the crude death rate (for all ages in the population) is higher in city A than
in city B. If we look at age-specific death rates, we can see that they are higher in each
age group category in city B and so, overall, the risk of death is higher in city B. Overall
mortality is higher in city A as its population is older (11.0% of the population in city A
is 65 and over, while in city B it is only 4.6%) and, generally, the elderly are at greater risk
of dying. In this example we can see that age is acting as a confounder since it is
associated with living in City A or B and independently affects the risk of dying.

We can use statistical techniques to calculate a summary measure, which quantifies the
difference in mortality between people living in cities A and B. A summary measure, the
SMR, can be derived from the data in Table 2.7. SMRs are often used when presenting
routine data and compare the rate of death seen in a study population with a rate seen
in a ‘standard’ population. The word ‘standardized’ in this context tells us that an
adjustment has been made which takes into account the effects of confounding factors
– in this case age. You have already come across this indirect method of standardization
to calculate SMRs.

1 If we assume that the population of city A is the standard population, calculate the
number of deaths we would have expected to see in City B.

2 Once you have done this, calculate the SMR.

Table  2.7 Death rates by age in two cities

City A City B

Age No. of deaths Population
(000s)

Death rate
(per 1000)

No. of deaths Population
(000s)

Death rate
(per 1000)

0–17 2 343 2 101 1.1 2 076 440 4.7
18–44 6 104 2 365 2.6 766 256 3.0
45–60 23 845 857 27.8 3 210 96 33.4
60+ 38 102 656 58.1 2 311 38 60.8
All 70 394 5 979 11.8 8 363 830 10.1
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First construct a table and calculate the number of deaths we would expect to see in
city B if the population had similar death rates to our standard population in city A (see
Table 2.8).

Once you have calculated the expected deaths, you can calculate the SMR:

SMR=
Observed deaths

Expected deaths
(× 100) =

8363

3625
× 100%= 230%.

An SMR of 230% tells us that the population of city B is 2.3 times as likely to die as the
population of city A.

Summar y

You sh ould  be able to defin e an d calcu late prevalen ce an d in ciden ce (risk, odds an d
rate). You sh ould  also be able to explain  th e n eed for stan dardization  of age wh en
com parin g m ortality rates. Fin ally, you  sh ould  be able to calcu late SMR’s usin g
in direct  stan dardization .

Referen ce

WHO IARC (2004) WHO can cer m ortality data. Available from  h ttp :/ /www-depdb.iarc.fr/
wh o/

Table  2.8 Observed and expected death rate

City A City B

Age Death rate
(per 1000)

No. of deaths
observed

Population
(000s)

No.of deaths expected
(per 1000)

0–17 1.1 2 076 440 (440 000 × 1.1)/1000 = 484
18–44 2.6 766 256 (256 000 × 2.6)/1000 = 666
45–60 27.8 3 210 96 (96 000 × 27.8)/1000 = 2 669
60+ 58.1 2 311 38 (38 000 × 58.1)/1000 = 2 208
All 11.8 8 363 830 3 625



3 Epidemiological measures
of health and disease:
associat ion and impact

Over view

In  ep idem iological research , th e occurren ce of d isease in  a group of people exposed
to a risk factor is com pared to th at  observed in  an  un exposed group in  order to
establish  causal relat ion sh ips, an d to iden tify effective in terven tion s. In  th is way
we can  quan tify th e associat ion  between  a risk (or protective) factor an d a d isease
(or oth er ou tcom e).

An  im portan t  application  of ep idem iology is to est im ate h ow m uch  disease is
caused by a certain  m odifiable risk factor. Th e data on  th e im pact of risk factors or
in terven tion s are essen tial to assess th e effectiven ess an d cost-effectiven ess of
in terven tion s. In  th is ch apter, you  will learn  about ep idem iological m easures used
to quan tify th e associat ion  between  a risk (or protective) factor an d an  ou tcom e,
an d th e m easures used to assess th e im pact of a risk factor or in terven tion s in  th e
populat ion .

Learning object ives

After  working through this chapter, you will be bet ter  able to:

• define, calculate and understand the applicat ion of measures of
associat ion between r isk factors and disease based on the rat io of
measures of frequency (r isk rat io, rate rat io, and odds rat io)

• define, calculate and understand the applicat ion of measures
of associat ion between r isk factors and disease based on the
difference between measures of frequency (r isk difference and
rate difference)

• select  an appropr iate measure for  different  sit uat ions and object ives
• define and calculate other  measures of impact  (at t r ibutable r isk per  cent

and populat ion at t r ibutable r isk)

Key terms

Ab solu te (a t t r ib u tab le) r isk  A m easure of associat ion  in dicatin g on  an  absolu te scale h ow
m uch  greater th e frequen cy of d iseases is in  an  exposed group th an  in  an  un exposed group,
assum in g th e associat ion  between  th e exposure an d d isease is causal.

Rela t ive r isk  Relat ive m easure of risk est im atin g th e m agn itude of associat ion  between  an
exposure an d disease (or oth er ou tcom e) in dicatin g th e likelih ood of developin g th e d isease in
th ose exposed relat ive to th ose un exposed
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Risk  factor Patien t  ch aracterist ic (eith er in h erited , such  as a blood group, or beh avioural,
such  as sm okin g an d d iet  h abits) or en viron m en tal factor (such  as exposure to asbestos)
associated  with  an  in creased or decreased probability (risk) of developin g a d isease (or oth er
ou tcom e).

Measu res  of exp os ure ef fec t an d impact

In  th e previous ch apter, you  learn ed h ow to calcu late th e frequen cy of death  or
disease (or oth er h ealth  ou tcom e). In  th is ch apter, you  will learn  h ow th ese m eas-
ures can  be used to in vestigate th e association between  th e exposure to a part icu lar
risk factor an d th e occurren ce of an  ou tcom e of in terest  (e.g. d isease, in ju ry or
death ). In  a descrip t ive study, we m igh t be in terested  to fin d ou t  th e proport ion
of a populat ion  th at  h as a part icu lar d isease. On ce we start  to look for lin ks
between  th e d isease an d oth er factors, th e study becom es an alytical in  n ature (see
Figure 3.1).

To in vestigate a possible associat ion  between  a risk factor an d a part icu lar
disease, th e in ciden ce of d isease in  th e people exposed to th e risk factor is
com pared with  th e in ciden ce in  a group of people wh o were n ot  exposed.
Th is com parison  can  be calcu lated  by various m eth ods, wh ich  will be ou tlin ed
below.

Relat ive measu res

Relative m easures est im ate th e size of an  associat ion  between  exposure an d disease,
an d in dicate h ow m uch  m ore likely people in  an  exposed group are to develop  th e
disease th an  th ose in  an  un exposed group. In  th e previous ch apter, you  learn ed
th at  th ere are th ree ways to m easure in ciden ce of d isease or in ciden ce of exposure:
risk, rate, an d odds. Th ere are also th ree relat ive m easures th at  can  be used to
calcu late associat ion  between  disease an d exposure: risk rat io, rate rat io an d odds
ratio.

Risk ratio

Th e risk ratio, also com m on ly referred  to as relat ive risk (see th e n ote at  th e en d of
th is d iscussion  of relat ive m easures) is calcu lated  as th e rat io between  th e cum ula-
t ive in ciden ce in  th e exposed group an d th e cum ulative in ciden ce in  th e
un exposed group.

However, before we look at  th e equation  for th e risk rat io, it  is h elpfu l to look at  th e
data we are goin g to use for an y calcu lat ion s in  th e form  of a 2 × 2 table (Table 3.1).
From  th e in form ation  in  Table 3.1, an d assum in g th at  th e data collected  were n ew
cases of d isease over th e course of a year, wh at  is th e in ciden ce of d isease in  th is
populat ion ? See if you  can  work it  ou t  before readin g on .
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Th e in ciden ce of d isease in  th e en tire population  is (a  + c)/ (a  + b + c + d) per year. We
defin e th e risk rat io as:

Risk ratio =
Risk (cum ulative in ciden ce) in th e exposed group

Risk (cum ulative in ciden ce) in th e un exposed group
.

Sin ce th e in ciden ce of d isease in  th e exposed group is a/ (a + b) an d in  th e
un exposed group is c/ (c + d), th e risk rat io can  be calcu lated  as:

Risk ratio =
a/ (a + b)

c/ (c + d)
.

Th e risk rat io is used as a m easure of aetiological stren gth  (i.e. th e stren gth  of
associat ion  between  risk factor an d ou tcom e). A value of 1.0 will be obtain ed if th e
in ciden ce of d isease in  th e exposed an d un exposed groups is iden tical, an d th ere-
fore in dicates th at  th ere is n o observed associat ion  between  th e exposure an d th e
disease, accordin g to th e given  data. A value greater th an  1.0 in dicates a posit ive
associat ion  or an  in creased risk am on g th ose exposed to th e factor. A value less th an
1.0 m ean s th at  th ere is an  in verse associat ion  or a decreased risk am on g th ose
exposed, or in  oth er words, th e exposure is protective.

Rate ratio

Th e rate ratio is calcu lated  in  th e sam e way as th e risk rat io, except  th at  th e
in ciden ce rates in  th e exposed an d un exposed groups are used:

Rate rat io =
In ciden ce rate in th e exposed group

In ciden ce rate in th e un exposed group
.

Th e rate rat io takes in to accoun t th e am oun t of t im e th at  each  person  con tribu tes
to th e study, an d is th erefore preferred  in  an alytical studies in  wh ich  th e ou tcom e is
com m on , an d in  wh ich  large n um bers of people are en terin g an d leavin g th e study
populat ion  or h ave ch an gin g levels of exposure.

For exam ple, we m igh t be in terested  to fin d ou t wh eth er m in ers are at  h igh er risk of
tubercu losis th an  m en  wh o do n ot work as m in ers. In  th is case, we would  com pare
th e in ciden ce rate of tubercu losis in  m in ers (exposed group) with  th e in ciden ce rate
in  n on -m in ers (un exposed group). Sin ce th e m in ers will h ave worked for d ifferen t
len gth s of t im e, th e n um ber of person -years at  risk can  be taken  in to accoun t. If th e
in ciden ce rate for m in ers is 3 cases of tubercu losis per 100 person -years an d th e rate
for n on -m in ers is 0.6 cases of tubercu losis per 100 person -years, th e rate rat io is
given  by com parin g th e two rates as follows:

Table  3.1 2 × 2 table

Disease
Yes No Total

Risk  fac to r Exposed a b a + b
Unexposed c d c + d
Total a + c b + d a + b + c + d
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Rate rat io =
3 per 100 person -years

0.6 per 100 person -years
= 5.0.

Th is sh ows us th at  th e in ciden ce of tubercu losis was five t im es as h igh  in  m in ers as
in  n on -m in ers.

Odds ratio

Th e odds ratio is calcu lated  in  a sim ilar way to th e risk rat io an d th e rate rat io, in  th at
th e odds in  th e exposed group are com pared with  th e odds in  th e un exposed group:

Odds ratio =
Odds of disease in th e exposed group

Odds of disease in th e un exposed group
.

If we use th e in form ation  from  Table 3.1, th e odds of d isease are th e population  is
calcu lated  as (a  + c)/ (b + d). Th e odds of d isease in  th e exposed group are a/b an d in
th e un exposed group are c/d, th erefore th e odds rat io is:

Odds ratio =
a/b

c/d
.

Th is equation  can  be sim plified by m ult ip lyin g th e top  an d bottom  parts by bd to
give:

Odds ratio =
ad

cb
.

Odds rat ios are usually used in  studies wh ere th e in ciden ce of th e d isease of in terest
is n ot  kn own  or if th e study part icipan ts are selected  on  th e basis of th eir d isease
status rath er th an  because of th eir exposure status. In  th is case, rath er th an  calcu lat-
in g th e odds of d isease in  th e exposed an d un exposed groups, th e odds of exposure
are calcu lated  in  th ose with  an d with out d isease. Th is is kn own  as a case–con trol
study, an d you  will learn  m ore about th is study design  in  Ch apter 7.

Now it  is t im e for you  to calcu late th e risk rat io, rate rat io, an d odds rat io for
yourself.

Activ ity  3. 1

A study followed a population of 2000 women aged over 65 years for 10 years and
measured the number of cases of osteoporosis diagnosed during that time period.
The investigators were interested in the effect of regular exercise on the develop-
ment of osteoporosis and divided the women into two groups: 1000 women who
took regular exercise (exposed) and 1000 women who did not take regular exercise
(unexposed).

The investigators recorded 800 new cases of osteoporosis over the 10 years of the
study, 300 in those who took regular exercise and 500 in those who did not. The
number of person-years at risk was 8350 in the exposed group and 6950 in the
unexposed group.

1 Calculate the risk ratio, odds ratio and rate ratio for the effect of regular exercise on
osteoporosis in these women.
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The investigators then decided to do another study to look at osteoporosis in women
aged less than 55 years. Again they followed 1000 women who took regular exercise
and 1000 women who did not for 10 years. This time they recorded 3 cases of
osteoporosis in those who took exercise and 5 cases in those who did not. The number
of person-years at risk was 9500 in the exposed group and 9000 in the unexposed
group.

2 Calculate the risk ratio, odds ratio and rate ratio for the effect of regular exercise on
osteoporosis in these younger women.

Fee db ac k

1 To calculate the risk ratio, first work out the incidence of osteoporosis in the older
women who took exercise and in those who did not:

Incidence in women who took regular exercise = 300 / 1000 = 0.3 per 10 years.
Incidence in women who took no regular exercise = 500 / 1000 = 0.5 per 10 years.
Then divide the incidence in the exposed group by the incidence in the unexposed
group:

Risk ratio = 
0.3 per 10 years

0.5 per 10 years
 = 0.6.

This indicates that women aged over 65 years who take regular exercise have a 40%
lower risk of developing osteoporosis than women who do not take regular exercise.

To calculate the odds ratio, work out the odds of osteoporosis in women who took
exercise and in those who did not take regular exercise:

Odds in women who took regular exercise over 10 years = 300/(1000 − 300) =
300/700 = 0.43.

Odds in women who took no regular exercise over 10 years = 500/(1000 − 500) =
500/500 = 1.

Odds ratio = 0.43 / 1.0 = 0.43.

Therefore, women aged over 65 years who take regular exercise have a 57% lower
odds of developing osteoporosis than women who do not take regular exercise.

To calculate the rate ratio, work out the rate of osteoporosis in women who took
exercise and in those who did not take regular exercise:

Rate in women who took regular exercise = 300 / 8350 person-years = 0.036 per
person-year = 3.6 per 100 person-years.

Rate in women who did not take regular exercise = 500 / 6950 person-years = 0.072
per person-year = 7.2 per 100 person-years.

Rate ratio = 
3.6 per 100 person-years

7.2 per 100 person-years
 = 0.5.

Therefore, women aged over 65 years who take regular exercise have a 50% lower rate
of osteoporosis than women who do not take regular exercise.

In this case, the rate ratio is probably the most appropriate measure since it takes into
account the person-years at risk in the exposed and unexposed groups.
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2 Now for the calculations in younger women, starting with the risk ratio:

Incidence in women who took regular exercise = 3/1000 = 0.003 per 10 years.

Incidence in women who took no regular exercise = 5/1000 = 0.005 per 10 years.

Then divide the incidence in the exposed group by the incidence in the unexposed
group:

Risk ratio = 
0.003 per 10 years

0.005 per 10 years
 = 0.6.

This indicates that women aged less than 55 years who take regular exercise have a 40%
lower risk of developing osteoporosis than women who do not take regular exercise.
Note that this is the same as the answer you got in Question 1.

To calculate the odds ratio, work out the odds of osteoporosis in women who took
exercise and in those who did not take regular exercise:

Odds in women who took regular exercise over 10 years = 3/(1000 − 3) = 3/997 =
0.003.

Odds in women who took no regular exercise over 10 years = 5/(1000 − 5) = 5/995 =
0.005.

Odds ratio = 0.003 / 0.005 = 0.6.

Therefore, women aged less than 55 years who take regular exercise have a 40% lower
odds of developing osteoporosis than women who do not take regular exercise.
Note how similar this odds ratio is to the risk ratio you calculated above.

To calculate the rate ratio, work out the rate of osteoporosis in women who took
exercise and in those who did not take regular exercise:

Rate in women who took regular exercise = 3/9500 person-years = 0.00032 per
person-year = 3.2 per 10,000 person-years.

Rate in women who did not take regular exercise = 5/9000 person-years = 0.00056
per person-year = 5.6 per 10,000 person-years.

Rate ratio = 
3.2 per 10,000 person-years

5.6 per 10,000 person-years
 = 0.57.

Therefore, women aged less than 55 years who take regular exercise have a 43% lower
rate of developing osteoporosis than women who do not take regular exercise.

Note how similar all three measures now are to one another.

In Activity 3.1, the measures of effect in Question 2 gave similar estimates for the risk
ratio, rate ratio and odds ratio. This is because the outcome of interest was rare. The
number of women at risk remained largely constant throughout the study because the
cases represented a very small proportion of the population. In practice, these three
measures of effect will only yield similar estimates if the disease or condition is rare (e.g.
most cancers, congenital malformations). For common diseases (e.g. most infectious
disease), the estimates obtained may differ substantially.

Note that the term relative risk is often used to refer collectively to the three ratios
outlined above. It is important to remember this when reading studies that quote a
‘relative risk’ measurement, since a risk ratio may be very different from an odds ratio,
especially if the disease or exposure is common.
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Absolu te  measu res

Relative m easures are usefu l wh en  we wan t to kn ow h ow stron gly an  exposure is
associated  with  a part icu lar d isease, bu t  th ey do n ot give us an y in dication  of th e
im pact of th at  exposure on  th e in ciden ce of d isease in  th at  populat ion . Th is h as
im portan t  im plication s for an y public h ealth  preven tion  m easures we m ay wan t to
take.

Absolu te m easures are th erefore used to in dicate exactly wh at im pact a part icu lar
disease or con dit ion  will h ave on  a populat ion , in  term s of th e n um bers or percen t-
age of th at  population  affected  by th eir bein g exposed. For exam ple, th e risk of
can cer in  people exposed to a certain  carcin ogen  m ay be 20 t im es th at  observed in
people n ot  exposed. However, th is tells us n oth in g about h ow com m on  th at  type of
can cer m igh t be; th erefore, in  absolu te term s, th e n um ber of people affected  in  th e
exposed group m igh t st ill be relat ively sm all. Th e absolu te or at tribu table risk will
tell us exactly h ow m an y m ore people are affected  in  th e exposed group th an  in  th e
un exposed group, an d is arguably a m ore usefu l m easure in  public h ealth  term s.

Attributable (absolute) risk

Th e attributable or absolute risk can  give in form ation  on  h ow m uch  greater
th e frequen cy of a d isease is in  th e exposed group th an  in  th e un exposed group,
assum in g th e associat ion  between  th e exposure an d d isease is causal.

Attribu table risk m easures th e difference in  frequen cy of a d isease between  two
groups, n ot  th e m agn itude of associat ion  between  th e risk factor an d th e ou tcom e
(as in  a relat ive risk). It  is th e risk of d isease in  th e exposed group th at  is attributable
to th e risk factor, after takin g in to accoun t th e un derlyin g level of d isease in  th e
populat ion  (from  oth er causes). Attribu table risk is also kn own  as risk d ifferen ce or
excess risk.

At t r ib u tab le risk = In ciden ce in exposed group − In ciden ce in n on -exposed group.

For exam ple, if we kn ow th at  th e risk of d isease in  th ose exposed is 5 cases per 1000
people per year an d in  th ose un exposed is 3 cases per 1000 people per year, th e risk
th at  is at tribu table to th e exposure (i.e. th e at tribu table risk) is 2 cases per 1000
people per year.

Th is can  be expressed as th e proportion  of d isease in  th e exposed group at tribu table
to th e exposure (th e proportion  of additional cases). Th is is kn own  as th e at tribu t-
able risk per cen t  of th e aet iologic fraction .

At t r ib u tab le risk p er cen t =
In ciden ce in exposed group − In ciden ce in n on -exposed group

In ciden ce in exposed group
.

In  our exam ple, th e at tribu table fraction  will be th e at tribu table risk we h ave calcu-
lated  above (2 per 1000 per year) d ivided by th e risk in  th e exposed group (5 per
1000 per year), wh ich  gives an  at tribu table fraction  of 0.4. If we m ult ip ly th is by
100, we get  an  at tribu table risk of 40%. Th is m ean s th at  40% of d isease cases cou ld
h ave been  preven ted  if th e exposed group h ad n ot been  exposed to th e risk factor.

Th e at tribu table fraction  can  also be calcu lated  from  th e relat ive risk (risk rat io or
rate rat io) by usin g th e followin g form ula, wh ich  is usefu l if we do n ot  kn ow th e
in ciden ce of d isease in  th e exposed an d un exposed groups:
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Attribu table fraction =
Risk (or rate) rat io − 1

Risk (or rate) rat io
.

In  our exam ple, if we kn ew on ly th at  th e risk rat io was 1.67, an d did  n ot  kn ow th e
risks in  th e exposed an d un exposed groups, we could  use th e above form ula to give
an  at tribu table fract ion  of 0.4, as before.

Th e at tribu table fract ion  is usually used if th ere is a posit ive associat ion  between
th e exposure an d th e ou tcom e (i.e. th e risk or rate rat io is greater th an  1). However,
if th e exposure preven ts th e ou tcom e, as in  our exam ple of th e effect  of regu lar
exercise on  osteoporosis, th e at tribu table fraction  will be n egative, wh ich  is d iffi-
cu lt  to in terpret . In  such  a case, we would  look in stead at  th e risk or rate th at
is at tribu ted to n ot  bein g exposed by rep lacin g th e den om in ator by th e risk in
th e un exposed group. Th is m easure is kn own  as th e preventable fraction in  th e
n on -exposed group:

Preven table fraction =
Risk in exposed group − Risk in un exposed group

Risk in un exposed group
.

Th is form ula can  also be expressed in  term s of th e risk or rate rat io, as follows:

Preven table fraction = 1 − Risk (or rate) rat io.

Population attributable (absolute) risk

Th e sam e con cept can  be applied  to th e population  as a wh ole. It  is of ben efit  to
public h ealth  if we can  est im ate th e excess d isease presen t  in  a populat ion  th at  is
due to a part icu lar risk factor, or est im ate th e relat ive im portan ce of d ifferen t  risk
factors.

Populat ion attribu table risk = In ciden ce in th e whole population − In ciden ce in n on -
exposed populat ion .

Th e populat ion  at tribu table risk fraction  is th e proport ion  of d isease observed in
th e wh ole populat ion  th at  is at tribu table to exposure to th e risk factor. It  est im ates
th e proportion  of d isease th at  m igh t be preven ted  if th e risk factor were rem oved.

Pop u la t ion a t t r ib u tab le risk fract ion =

In ciden ce in th e whole population − In ciden ce in th e n on -exposed population

In ciden ce in th e whole population
.

Th e population  at tribu table risk fraction  can  be used to est im ate th e ben efit  of a
proposed in terven tion , such  as th e n um ber of lun g can cer death s th at  cou ld  be
preven ted  by in troducin g a sm okin g reduction  program m e in  a large populat ion .

Measures of at tribu table risk rely on  a n um ber of assum ption s: first , th at  th e
associat ion  between  th e risk factor an d th e ou tcom e is causal; secon d, th at  th ere
is n o con foun din g or bias in  th e m easurem en t of in ciden ce (e.g. selection  bias).

If we do n ot kn ow th e risk of d isease in  th e populat ion , we can  st ill calcu late th e
populat ion  at tribu table risk, as lon g as we kn ow th e proport ion  of th e population
in  th e exposed group (p):

Populat ion attribu table risk = p × Attribu table risk.

Th e populat ion  at tribu table risk will th erefore always be less th an  th e at tribu table
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risk in  th e exposed group, sin ce p sh ould  always be less th an  1. For exam ple,
suppose we kn ow th at  th e rate of liver can cer to be 602 per 100,000 person -years in
a group of people with  ch ron ic h epatit is B in fection  an d 4 per 100,000 person -years
in  th ose with out ch ron ic h epatit is B in fection . If th e rate of liver can cer in  th e
en tire population  is 94 per 100,000 person -years, th e populat ion  at tribu table risk is
(94 − 4) = 90 per 100,000 person -years.

Population attributable fraction

Fin ally, we can  in dicate wh at proportion  of th e total risk of th e d isease in  th e
populat ion  is associated  with  th e exposure. Th is is expressed as th e populat ion
attribu table fraction  (or th e populat ion  at tribu table risk per cen t , if m ult ip lied  by
100), an d in dicates th e proportion  of th e d isease in  th e population  th at  cou ld
be preven ted if exposure to th e risk factor could  be elim in ated , an d th e en tire
populat ion  was un exposed.

Th is is calcu lated  in  a sim ilar way to th e at tribu table fraction :

Populat ion attribu table fraction =
Populat ion attribu table risk

Risk of disease in population
.

In  our previous exam ple of th e im pact of ch ron ic h epatit is B in fection  on  th e
rate of liver can cer, th e rate of liver can cer in  th e population  was 94 per 100,000
person -years, an d th e population  at tribu table risk was 90 per 100,000 person -years.
Th erefore we calcu late th e population  at tribu table fraction  (given  by 90 d ivided by
94), wh ich  gives a value of 0.96. Th is m ean s th at , if we could  preven t ch ron ic
h epatit is B in fection  in  th is population , we est im ate th at  96% of cases of liver
can cer cou ld  be preven ted .

An example

Th e followin g is a h ypoth etical exam ple to illustrate th e use of at tribu table risk. A
causal associat ion  h as been  establish ed between  stan din g an d backach e. Im agin e
we wan ted to establish  h ow im portan t  stan din g was as a risk factor for backach e in
relat ion  to all cases of backach e. Th e risk of backach e per 100 fem ale workers over a
2-year period in  stan din g fem ale workers is 12.3 an d for oth er fem ale workers it  is
7.7. Th e risk of backach e in  all fem ale workers is 8.3.

We assum e th at  wh ile wom en  wh o stood wh ile workin g h ad a risk of backach e of
12.3 per 100 person s over a 2-year period, th ese wom en  would  h ave th e sam e risk as
oth er fem ale workers (wh o do n ot stan d at  work) of 7.7 if th ey d id  n ot  stan d at
work.

Th e at tribu table risk resu lt in g from  stan din g at  work is 12.3 − 7.7 = 4.6 over a 2-year
period. Th at  is, 37.4% of th e risk of backach e in  wom en  stan din g at  work over 2
years can  be at tribu ted  to th eir stan din g at  work.

Th e risk of backach e in  all wom en  would  h ave been  7.7 per 100 person s over 2 years
(an d n ot 8.3) if n obody h ad been  stan din g at  work. Th e risk of backach e related  to
stan din g at  work, th e population  at tribu table risk, is 8.3 − 7.7 = 0.6 per 100 person s
over 2 years.

To calcu late h ow im portan t  stan din g is as a risk factor for backach e in  th e wh ole
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populat ion  of workin g wom en  we can  express it  as a percen tage, th e populat ion
attribu table per cen t: (8.3−7.7)/8.3 = 7%. Wh ich  m ean s th at  in  all fem ale workers
th e proportion  of risk of backach e wh ich  resu lts from  stan din g at  work is 7%.

In  th is exam ple we are assum in g th at  th e relat ion sh ip  between  stan din g an d back-
ach e is casual; an d th at  th ere is n o select ion  bias (e.g. th ose recru ited  to stan din g
jobs are at  n o greater risk of backach e prior to th e job) or con foun din g (e.g. th at
th ose recru ited  to stan din g jobs are older).

Caution  is n eeded wh en  extrapolat in g data from  on e populat ion  to an oth er as both
levels of exposure an d un derlyin g susceptibility m ay be d ifferen t  with in  an d
between  population s.

Se lec tio n of  app rop ri ate  measu re for  di fferen t stu dy  de sig ns

You h ave n ow learn ed h ow frequen cy an d associat ion , effect  an d im pact  can  be
m easured. In  th is section , you  will fin d ou t wh ich  types of study design  are n eeded
to obtain  th ese m easures.

Th e m ain  types of ep idem iological study design s are sum m arized in  Figure 3.1.
Below is a brief descrip t ion  of each  study type an d th e m easures th at  are associated
with  th em . Furth er details of all th ese study types will be provided in  th e n ext  four
ch apters.

Cros s-s ec tio na l st ud ie s

A cross-sectional study is a survey of a population  at  a sin gle poin t  in t im e. Th is type
of study h as th e advan tage of bein g fairly qu ick an d easy to perform . Cross-
section al studies can  be used to determ in e th e prevalen ce of risk factors an d disease
in  a defin ed population . Th ey can  also be used to m easure associat ion s between
diseases an d risk factors, by m ean s of th e prevalen ce rat io. However, because th ey
are carried  ou t  at  a sin gle poin t  in  t im e, th ey are un su itable for m akin g causal
h ypoth eses between  d iseases an d risk factors (Ch apter 4).

Ec ologi ca l st ud ies

In  an  ecological study, th e un its of an alysis are populat ion s or groups of people
rath er th an  in dividuals. Alth ough  th ese types of study can  gen erate usefu l top ics
for fu rth er research , like cross-section al studies th ey are un likely to establish  a
causal relat ion sh ip  between  an  exposure an d an  ou tcom e. Ecological studies can  be
eith er cross-section al or lon gitudin al in  n ature. Lon gitudin al studies give m ore
in dication  of tem poral relat ion sh ips, bu t  because population s an d n ot in dividuals
are un der study, in dividual coh ort  an d case–con trol studies are n eeded to establish
possible causal relat ion sh ips at  th e in dividual level (Ch apter 5).



Figure 3.1M
ai

n 
ty

pe
s 

of
 e

pi
de

m
io

lo
gi

ca
l s

tu
dy

 d
es

ig
ns



Measures of health and disease: association and impact 45

Coho r t st ud y

In  a cohort study, part icipan ts are followed over t im e to see wh eth er th ey develop
th e d isease of in terest . Part icipan ts are selected  on  th e basis of wh eth er th ey are
exposed to a poten tial risk factor. All part icipan ts sh ould  be free of th e d isease
un der in vest igation  at  th e start  of th e study. In  a prospective coh ort  study th e
in vestigator assem bles th e study groups on  th e basis of exposure to a risk factor,
collects baselin e data, an d con tin ues to collect  data on  th e ou tcom e an d oth er
relevan t  variables over t im e. In  a retrospective coh ort  study, th e in vest igator goes
back in  t im e to defin e th e exposed an d un exposed groups an d reviews m edical
records to follow part icipan ts an d review outcom es to th e presen t  day. All th ree
m easures of relat ive risk (risk rat io, rate rat io, an d odds rat io) can  be calcu lated  from
coh ort  studies, sin ce th e in ciden ce of d isease in  th e exposed an d un exposed groups
is kn own . Coh ort  studies can  also be used to m easure stan dardized m ortality rat ios
an d th e in ciden ce of d isease. Th ey can  also be used to m easure at tribu table risk an d
populat ion  at tribu table risk (Ch apter 6).

Case–co nt rol  st ud y

In  a case–control study, a group of cases (in dividuals wh o h ave th e d isease or ou t-
com e of in terest) an d a group of con trols (in dividuals wh o do n ot  h ave th e d isease
or ou tcom e of in terest) are iden tified. Th en  th e prevalen ce of or level of exposure to
a risk (or protective) factor is m easured an d com pared between  th e two groups.
Usually, th is study design  is less t im e-con sum in g an d less expen sive. Th e design
allows th e in vestigation  of several risk factors for a given  disease at  th e sam e t im e,
an d th e study of rare d iseases. However, iden tifyin g su itable con trols can  be
difficu lt , an d th is design  is liable to h ave selection an d m easurem en t biases. In
case–con trol studies, part icipan ts are selected  on  th e basis of th eir d isease status
an d n ot th eir exposure status. Th erefore, it  is n ot  possible to calcu late th e in ciden ce
of d isease in  th e exposed an d un exposed in dividuals. It  is, h owever, possible to
calcu late th e odds of exposure am on g cases an d am on g con trols an d obtain  an
odds rat io of exposure (Ch apter 7).

In te r ven ti on  st ud y

An  intervention study is an  ep idem iological experim en t in  wh ich  th e in vest igator
ran dom ly allocates selected  in dividuals (or groups of in dividuals) to an  in terven -
t ion  group (th e group th at  receives th e in terven tion  un der in vestigation ) or
to con trol group (th e group th at  does n ot  receive th e in terven tion ). In dividuals
allocated  to both  groups m ust  be sim ilar in  th eir backgroun d ch aracterist ics. Th e
in vestigator th en  m easures an d com pares th e in ciden ce of th e ou tcom e of in terest
in  th e two groups. An  exam ple of a group-level study is a field  trial or a cluster
ran dom ized trial, an d an  exam ple of an  in dividual study is a ran dom ized con -
trolled  trial. Th e m ain  m easures of effect  obtain ed from  an  in terven tion  study are
th e risk rat io or rate rat io. It  is also possible to calcu late th e at tribu table risk an d th e
populat ion  at tribu table risk from  th e resu lts of an  in terven tion  study (Ch apter 8).
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Activ ity  3. 2

This is an extended activity in three parts, each consisting of one or more questions to
answer. If you find any question unclear or difficult, refer back to the text above while
trying to answer. Try to complete the entire activity before you look at the feedback.

Between 1951 and 1971, a total of 10,000 deaths were recorded among 34,440 male
British doctors (Doll and Peto 1976). Of these deaths, 441 were from lung cancer and
3191 were from ischaemic heart disease. Doctors who smoked at least one cigarette
per day during this follow-up period were classified as smokers and the rest as
non-smokers. The age-adjusted annual death rates per 100,000 male doctors for lung
cancer and ischaemic heart disease among smokers and non-smokers are given in
Table 3.2.

1 Calculate an appropriate epidemiological measure to assess the strength of
association between smoking and lung cancer, and smoking and ischaemic heart
disease.

a) Which disease is strongly associated with smoking?
b) Reduction in mortality from which disease would have greater public health

impact if there were a reduction in smoking?
c) What assumptions did you make when estimating the impact of a reduction in

smoking?

2 Assume that the data shown in Table 3.2 are valid and that smoking causes lung
cancer.

a) What percentage of the risk of death from lung cancer is attributable to smoking?
b) If 50% of doctors stopped smoking, by what percentage would the risk of lung

cancer death among the smokers be reduced?

A case–control study was conducted to investigate the risk factors for myocardial
infarction (Doll and Peto 1976). Information on smoking was collected from cases and
controls. Current cigarette smoking, defined as smoking within the past 3 months, was
reported by 60 of the 400 myocardial infarction cases and by 40 of the 400 healthy
controls.

3 Set up a 2 × 2 table, and estimate the strength of association between current
smoking and myocardial infarction.

The incidence of tuberculosis and the mid-year population of different ethnic groups in
a European country, country Z, in 2004 are given in Table 3.3.

Table  3.2 Cause of death and specific death rates by smoking habits
of British male doctors, 1951–71

Cause of death Annual death rate per 100 000 doctors

Non-smokers Smokers

Lung cancer 10 140
Ischaemic heart disease 413 669

Source: based on Doll and Peto (1976)
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4 Calculate the incidence rate and rate ratio for each group.

a) Which ethnic group is strongly associated with tuberculosis?
b) Why is the number of tuberculosis cases greater in the European group even

though the incidence rate is lower than in the other two groups?

5 The incidence rate for the entire population is 7.1 per 100,000 person-years.
Assume that a targeted intervention has reduced the incidence rate in the Indian
and the other ethnic groups to the level of that in the European group (4.1 per
100,000 person-years).

a) What percentage of tuberculosis cases in the Indian group would be prevented?
b) What percentage of tuberculosis cases in the whole population would be

prevented?

Fee db ac k

1 An appropriate measure to assess the strength of an association is relative risk. In
this example the relative risk can be estimated by the rate ratio.

Rate ratio of lung cancer in smokers compared to non-smokers = 
140/100,000

10/100,000
 = 14.

Rate ratio of ischaemic heart disease (IHD) in smokers compared to non-smokers =
669/100,000

413/100,000
 = 1.6.

a) Clearly, smoking is more strongly associated with lung cancer than with IHD.
b) To assess the impact of smoking, the excess mortality attributable to smoking

must be estimated:

Attributable risk of smoking for lung cancer = (140/100,000) − (10/100,000) =
130/100,000.

Attributable risk of smoking for IHD = (669/100,000) − (413/100,000) =
256/100,000.

It would seem that, among smokers, a reduction in smoking would prevent far more
deaths from IHD than from lung cancer. The explanation for this is that, among non-
smokers, the death rate from lung cancer is fairly low (10/100,000), but the death
rate from IHD is 413/100,000. Consequently, the 1.6-fold increase in IHD mortality
associated with smoking affects a much larger number of people than the 14-fold
increase inthe risk of death from lung cancer. Thus, the potential public health impact
of reduction in smoking on mortality is far greater for IHD than for lung cancer.

Table  3.3 Incidence of tuberculosis and mid-year population by ethnic group in country Z,
2004

Ethnic group Number of new tuberculosis cases, 2004 Mid-year population, 2004

European 2 890 69 900 000
Indian 1 900 1 790 000
Other 400 1 650 000
Total 5 190 73 340 000
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c) To arrive at the conclusions of (b), it is necessary to assume that smoking is
causally related to lung cancer and to IHD, and that cessation of smoking will have
similar effect on the mortality from each of these diseases.

2 Attributable risk per cent = attributable fraction × 100

= 
Risk in the smokers− Risk in the non-smokers

Risk in the smokers
 × 100.

a) So, the risk of death from lung cancer attributable to smoking =

(140/100,000) − (10/100,000)

(140/100,000)
 × 100 = 93%.

Alternatively, attributable risk can be calculated from the relative risk of lung
cancer in smokers compared to non-smokers as follows:

Attributable risk per cent = 
Relative risk − 1

Relative risk
 × 100.

b) If 50% of doctors stopped smoking, then the attributable risk among the smokers
would be reduced by 50%. So, the risk of lung cancer death would be reduced by
(93% × 0.5 = ) 46.5% among the smokers.

The percentage reduction in the risk of lung cancer death can also be estimated in
the following way:

Lung cancer deaths attributable to smoking = (140/100,000) − (10/100,000) =
130/100,000.
Assuming 50% reduction in smoking = 50% reduction in the attributable risk, then
the reduced attributable risk = (130/100,000) × 0.5 = 65/100,000.
The percentage reduction in the risk of lung cancer death among the smokers =
(65/140) × 100 = 46.5%.

3 Your table should look like Table 3.4. As this is a case–control study, an appropriate
measure to assess the strength of association between smoking and myocardial infarc-
tion is the odds ratio.

Odds ratio = 
60/40

340/360
 = 

60 × 360

40 × 340
 = 1.6.

This shows that the odds of exposure to smoking are 1.6 times higher in cases of
myocardial infarction compared to healthy controls.

4 The incidence rate and rate ratio for tuberculosis in the ethnic groups is given in
Table 3.5.

a) The rate ratio is 25.7 times as high in the Indian group as in the European group;
for other ethnic groups, the rate ratio is 5.9 times as high as in the European group.
Thus, the Indian group is more strongly associated with tuberculosis than are
European and other ethnic groups.

Table  3.4 Odds of smoking in cases and controls

Risk factor Cases Controls
(n = 400) (n = 400)

Smokers 60 40
Non-smokers 340 360
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b) The number of tuberculosis cases is greater in the European group since this
group constitutes 95% of the population. Thus, even though the rate is lower in the
other two groups, the number of cases is higher in the European group.

5 Assuming that a targeted intervention has reduced the incidence rate in the Indian
group to 3.5/100,000:

a) the percentage reduction of tuberculosis cases in the Indian group

= 
Current rate − Reduced rate

Current rate
 × 100 = 

106.1 − 4.1

106.1
 × 100 = 96.1%;

b) the percentage reduction of tuberculosis cases in the whole population

= 
7.1 − 4.1

7.1
 × 100 = 41.6%.

This means that if the incidence rate in the Indian group were reduced to the level of
the European group, then 96.1% of cases of tuberculosis in the Indian population would
be prevented. However, only 41.6% of cases in the whole population would be
prevented.

Summar y

In  th is ch apter you  h ave learn ed about th e m easures of associat ion  com m on ly used
in  ep idem iological studies. You  sh ould  un derstan d th e application  of th e risk rat io,
rate rat io an d odds rat io. You  sh ould  un derstan d th e application  of at tribu table risk
(risk d ifferen ce an d rate d ifferen ce) an d at tribu table fract ion . You  sh ould  also be
able to calcu late m easures of im pact  (populat ion  at tribu table risk an d population
attribu table fraction ). Fin ally, you  sh ould  be able to select  an  appropriate m easure
for d ifferen t  study design s. You  will learn  m ore about th e application  an d in ter-
pretat ion  of m easures of associat ion  in  th e n ext four ch apters.
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Table  3.5 Incidence of tuberculosis, mid-year population and incidence rate by ethnic
group in country Z in 2004

Ethnic group Number of new
tuberculosis cases in
2004

Mid-year
population in 2004

Incidence rate per
100 000

Rate ratio

European 2 890 69 900 000 4.1 1
Indian 1 900 1 790 000 106.1 25.7
Other 400 1 650 000 24.2 5.9
Total 5 190 73 340 000 7.1
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Over view

In  th is ch apter you  will learn  about th e features, advan tages an d lim itat ion s of
cross-section al studies. Cross-section al studies or surveys can  be eith er descrip tive
or an alytical. Th is kin d of study can  give in form ation  on  th e frequen cy an d ch arac-
terist ics of a d isease by providin g a sn apsh ot of th e h ealth  experien ce of a specific
populat ion  at  a specific poin t  in  t im e.

Le ar nin g ob je ct ives

Afte r worki ng  th rou gh  th is ch apt er, you  will be  be tte r able  to :

• de sc rib e th e ba sic  fea tu res  an d us es  of  cros s-s ec tio na l stu di es
• dis cu ss  th e po te nt ial  so urce s of  bi as  in  th es e st ud y de sig ns
• un de rs tan d th e stren gt hs  an d limita tio ns  of  cros s- se cti on al

st ud ie s.

Key te rms

Bias An y error th at  resu lts in  a system atic deviation  from  th e true est im ation  of th e associat ion
between  exposure an d ou tcom e.

Ch an ce Th e possibility th at  th e resu lts of an  ep idem iological study are due to ch an ce alon e
rath er th an  th e tru th .

What is a cros s-s ec tio na l stu dy ?

In  a cross-section al study, data are collected  on  each  study part icipan t  at  a sin gle
poin t  in  t im e. Cross-section al studies are som etim es referred  to as ‘prevalen ce
studies’, sin ce th ey collect  data on  exist in g (prevalen t) cases of d isease. Such  a
study m ay take th e form  of a survey, an d cou ld  be used to assess th e prevalen ce of
tubercu losis in  a defin ed populat ion , for exam ple. Th is is kn own  as a descriptive
cross-section al study. However, it  is also possible to in vestigate associat ion s
between  th e d isease an d oth er factors usin g th is study design , an d th is type of study
is described as analytical. In  practice, cross-section al studies can  be both  descrip t ive
an d an alytical in  design  (see Figure 3.1).
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Descr ipt ive st ud ies

A descrip tive cross-section al study collects in form ation  on  th e frequen cy an d
distribu tion  of h ealth -related  exposures or ou tcom es in  a defin ed population . Th e
m ain  ep idem iological ou tcom e m easure obtain ed is th erefore th e prevalen ce of
th at  ou tcom e. As you  will recall from  Ch apter 2, prevalen ce can  be recorded as
eith er poin t  prevalen ce or period prevalen ce, depen din g on  h ow th e in vestigator
asks th e question . For exam ple, if part icipan ts are asked about th eir curren t  status
with  regard  to a part icu lar d isease or ou tcom e, th en  a m easure of poin t  prevalen ce
will be obtain ed; if th ey are asked wh eth er th ey h ave h ad a part icu lar d isease with in
th e past  m on th , th en  th e m easure is of period prevalen ce.

Survey question s th at  give a m easure of period prevalen ce of an  ou tcom e are often
in cluded to decrease th e sam ple size th at  is requ ired , sin ce th ey are m ore likely to
pick up  addit ion al cases of d isease or even ts th at  m igh t oth erwise be m issed by
con cen trat in g on  a sh orter period of t im e. However, th ese question s m ay also
in crease th e ch an ce of recall bias. Th is bias is an  error in  th e recallin g of past  even ts.
Th e part icipan t m ay n ot  accurately rem em ber an  even t  takin g p lace, m ay n ot h ave
recorded it , or m ay be un sure exactly wh en  th e even t  d id  actually occur. Obviously,
th e lon ger th e recall period, th e m ore ch an ce th ere is of errors bein g m ade.

Most cross-section al studies in clude a m ixture of question s an d m easurem en ts on
th e curren t  (e.g. h eigh t , weigh t , blood pressure, age, sex, beh aviours) an d past  (e.g.
vaccin ation s, oth er exposures) status of th e part icipan ts.

Analyt ica l st ud ies

An alytical cross-section al studies are un dertaken  to in vestigate th e associat ion
between  exposure to risk factors an d th e ou tcom e of in terest . Th ey requ ire th is
in form ation  to be collected  sim ultan eously on  each  in dividual.

Recall bias is even  m ore relevan t in  an alytical studies as th e collect ion  of
in form ation  on  exposure to poten tial risk factors is retrospective. Th ere are
certain ly som e factors th at  can  be reliably collected  retrospectively; h owever, if
a part icipan t  was exposed to th e risk factor a lon g t im e ago, th is m ay in volve
problem s with  recall. Bias occurs wh en  th ere is a system atic d ifferen ce in  th e
part icipan t’s ability to recall accurately past  even ts or experien ces th at  is n ot
in depen den t of th e d isease/exposure status – for exam ple, a person  m ay be m ore
likely to rem em ber an  exposure to a poten tial risk factor if th ey h ave becom e ill,
especially if th ey are aware th ere m ay be a lin k.

On e of th e lim itat ion s of collectin g in form ation  on  exposure an d ou tcom e data
sim ultan eously is th at  it  is n ot  possible to sh ow causality (wh eth er h avin g th e
putative risk factor for a d isease led  to developin g th e d isease itself). To h ave an y
in dication  of causal associat ion , th e exposure m ust  h ave occurred  before th e ou t-
com e, an d som etim es a lon g t im e before. For exam ple, th e t im e between  exposure
to HIV an d on set  of AIDS can  be m ore th an  10 years, an d it  m ay h ave taken  m an y
decades for som eon e exposed to asbestos dust  to develop  a m esoth eliom a.

Wh eth er it  is appropriate to collect  exposure an d ou tcom e data sim ultan eously
depen ds on  th e risk factors. If exposure to th e risk factor is con stan t , such  as blood
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group an d gen etic factors, a curren t  m easurem en t of th e exposure to th ese risk
factors can  be a good proxy for previous exposure. We do n ot expect  d isease status
or lifestyle ch an ges to affect  th ese factors. However, risk factors such  as d iet  an d
lifestyle m ay ch an ge over t im e, an d part icu larly durin g illn ess, wh ich  m igh t give a
false im pression  th at  ch an ge in  d iet  caused th e illn ess even  th ough  th e part icipan t
m igh t h ave ch an ged th eir d iet  because th ey were ill. Oth er factors, such  as exercise
levels, m ay ch an ge lit t le over t im e, an d again  m ay be a good proxy for past
exposure, part icu larly because recall of past  exercise m ay be un reliable.

Non -respon se is a problem  for all types of study. People wh o do n ot  respon d (n on -
respon ders) or part icipate in  surveys usually h ave d ifferen t  ch aracterist ics from
th ose wh o do (respon ders). Th is can  in troduce a system atic bias in to th e prevalen ce
estim ates if n on -respon se is associated  in  som e way with  th e ou tcom e. Man y
factors can  influen ce th e respon se of poten tial part icipan ts to a study.

Because of th ese poten tial m easurem en t or in form ation  biases (recall an d n on -
respon se bias), cross-section al studies can  on ly give an  in dication  of th e poten tial
risk factors for a d isease an d can n ot prove causation . Causation  m ust  th en  be
confirm ed by oth er, m ore rigorous studies. For th is reason , cross-section al studies
are gen erally used for gen eratin g research  question s (h ypoth eses) an d for h ealth
service p lan n in g, rath er th an  for establish in g causal lin ks.

St ud y de sig n

Sampling

In  an y study, it is im portan t  th at  th e sam ple populat ion  is represen tative of th e
gen eral population  to wh ich  th e resu lts of th at  study will be applied . Th is can  be
ach ieved by drawin g a ran dom  sam ple from  th e study populat ion . If th e study is to
in clude a sam ple of people livin g in  a certain  area, th en  it  is im portan t  to m ake sure
th at  groups wh o are often  h ard  to reach  are in cluded, such  as th e h om eless, people
in  in st itu t ion s, people wh o are at  work, or people wh o do n ot h ave a teleph on e.

Th e sam ple size m ust  be large en ough  to give th e study en ough  power to detect  a
valid  est im ate, an d en ough  precision  for th e value est im ate of th e sam ple to reflect
th e true population  value. Th e larger th e sam ple size th e less likely th e resu lts of a
study are due sim ply to ch an ce alon e (th is is th e power of th e study to iden tify th e
true value), an d less variability aroun d th e est im ate (th is is th e precision  of a study).
However, an y in crease in  th e sam ple size an d correspon din g in crease in  power will
h ave im plication s for h ow m uch  th e study costs an d h ow lon g it  takes. Th erefore it
is im portan t  to establish  th e m in im um  (clin ically or biologically) sign ifican t value
on e wish es to detect , an d th e power with  wh ich  on e wish es to detect  at  least  th at
d ifferen ce determ in es sam ple size. Sam ple size calcu lat ion s can  be m ade usin g
com puter program s or by con su lt in g sam ple size tables.

Data  co lle ct ion

In  cross-section al studies, data on  exposures an d ou tcom es are collected  sim ul-
tan eously, so it  is im portan t  th at  th e in vest igators h ave decided on  a clear def-
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in it ion s of cases (th ose with  th e ou tcom e of in terest) an d exposures (poten tial risk
factors for th at  ou tcom e) th ey are in terested  in  before th ey start  collectin g data.
Case defin it ion  is especially im portan t  to en sure th at  th ose with  th e ou tcom e are
correctly iden tified, an d specific in clusion  an d exclusion  criteria n eed to be estab-
lish ed – for exam ple, a study m ay in clude cases iden tified in  a part icu lar set t in g an d
h avin g un dergon e a specific d iagn ostic test  an d m ay exclude cases on  th e basis of
age or duration  of illn ess.

Th e m eth ods used to collect  th e data will depen d on  th e exposures an d ou tcom es
bein g studied  an d h ow practical an d costly it  is to collect  th em . Man y differen t
m eth ods can  be used, an d data can  be obtain ed from  th e study part icipan ts d irectly
or in directly.

Direct  m eth ods in clude question n aires an d in terviews, wh ich  can  be carried  ou t
face-to-face, by teleph on e, by post , or even  by e-m ail. Part icipan ts m ay n eed to
un dergo a m edical exam in ation  or h ave a blood sam ple taken  for a d iagn ostic test
to determ in e wh eth er th ey are a case. Th e advan tage of d irect  data collect ion  is th at
it  is collected  prospectively (even  th ough  question s m ay relate to h istorical even ts)
an d question n aires are design ed with  a specific study in  m in d. However, th ere m ay
be recall bias (as m en tion ed) an d a poor respon se rate. Direct  data collection  can
also be costly an d t im e-con sum in g.

If data for a study are already collected  rou tin ely, th e in vestigators m ay be able to
obtain  data from  in direct  sources (e.g. m edical records, cen sus data, h ealth  surveys,
records kept by em ployers, can cer registries). Th e advan tage of usin g rou tin e data
sources is th at  th e data are already available an d can  provide a lot  of in form ation
relat ively qu ickly an d ch eaply (com pared to collect in g data from  scratch ). A dis-
advan tage, h owever, is th at  data quality m ay be poor – th ere m ay be m issin g an d
in accurate data. Usually rou tin e data system s are design ed to serve objectives such
as surveillan ce, an d n ot  a research  study, so rou tin e data m ay n ot be able to provide
all th e in form ation  requ ired  by a study. Th erefore a com bin ation  of data collection
m eth ods m ay be used. (Routin e data are d iscussed in  greater detail in  Ch apter 11.)

However, wh ich ever m eth ods are used, it  is im portan t  th at  th e m eth ods of collect-
in g data are stan dardized, an d th at th e in vestigators en sure th e validity of th e
m eth ods used (i.e. th at  th ey really are m easurin g wh at th ey purport  to m easure).

Analys is

Variables on  ou tcom e an d exposure status can  take several differen t  form s. Discrete
variables such  as binary (eith er/or) variables (e.g. presen ce or absen ce of illn ess or
in jury, death ), an d categorical variables wh ere m ore th an  two option s are possible
(e.g. eth n ic group, categories of levels of sm okin g) can  be presen ted as proportion s.
As already m en tion ed above, th e m ain  ou tcom e m easure of cross-section al studies
is poin t  or period prevalen ce such  as th e proportion  of patien ts with  an  illn ess.

Continuous variables, wh ere th ere are possible values alon g a con tin uum  with in  a
given  ran ge (e.g. h eigh t , weigh t, blood pressure) can  be an alysed usin g th e m ean
an d stan dard  deviat ion  or th e m edian  an d in terquart ile ran ge. For exam ple, it  m ay
be appropriate to look at  th e average m easure in  a population  an d com pare th is
with  th e average in  an oth er stan dard  population , wh ile of course rem em berin g th e
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issues d iscussed in  Ch apter 2 about stardardized m orbidity rat ios. It  is also possible
to d ich otom ize th e variables (sp lit  values in to two categories) – for exam ple, weigh t
above or below 100 kg, if th e question  is about th e prevalen ce of overweigh t  people
in  a population .

In  an  an alytical cross-section al study, th e prevalence ratio can  be calcu lated . Th is is
th e rat io of th e prevalen ce of th e ou tcom e in  th ose exposed to th e risk factor un der
study d ivided by th e prevalen ce in  th ose wh o were un exposed (see Ch apter 2).

Th e associat ion  between  th e possible risk factor an d th e ou tcom e can  also be
m easured by usin g th e odds rat io, as lon g as exposure to th at  part icu lar risk factor is
aet iologically relevan t, or if som e m easure of past  exposure h as been  obtain ed. Th is
odds rat io is th en  th e odds rat io of exposure, an d wh en  we calcu late it  we are
treatin g our study as if it  were a case–con trol study (th e odds of exposure am on g th e
cases com pared with  th e odds of exposure am on g th e con trols – see Ch apter 7).
However, th e odds rat io of exposure will on ly provide a good est im ate of th e
prevalen ce rat io if th e prevalen ce of th e ou tcom e is low (say, less th an  15%).

St ren gt hs  an d wea kn es se s

Cross-section al studies h ave th e m ain  advan tage of bein g relat ively qu ick an d easy
to perform  in  com parison  with  coh ort  studies, for exam ple. Th ey can  determ in e
th e prevalen ce of risk factors an d th e frequen cy of prevalen t  cases of d isease in  a
defin ed population . Th ey are also usefu l for m easurin g curren t  h ealth  status, wh ich
can  be used in  th e p lan n in g of h ealth  services or th e determ in ation  of h ealth
practices. Repeated  studies can  be used to determ in e ch an ges in  risk factors an d
disease frequen cy in  populat ion s.

On e m ain  d isadvan tage of cross-section al studies is th at  data on  d isease an d risk
factors are collected  sim ultan eously. Th is poses problem s wh en  tryin g to determ in e
tem poral relat ion sh ips. However, wh ere th e exposure status does n ot  ch an ge over
t im e (e.g. eye colour or blood group), cross-section al studies can  be used to test
h ypoth eses.

Cross-section al studies also in clude prevalen t  rath er th an  in ciden t cases, wh ich
m igh t cause th e study group to be biased toward patien ts with  ch ron ic illn ess, sin ce
people with  acu te fatal illn esses are un likely to be in cluded if th ey d ied  before
detection  by th e survey.

Activ ity  4. 1

In the following activity, you will look at a cross-sectional study carried out in Tanzania
to investigate the association between insecticide-treated bed nets and the prevalence
of malaria in young children.

Many intervention studies have shown that mosquito nets treated with insecticide can
reduce the morbidity and mortality from malaria in young children in Africa. However,
Abdulla et al. (2001) were interested in whether countries that have implemented
programmes to supply these treated nets to communities with a high prevalence
of malaria have seen the benefits highlighted by the intervention studies. In 1997 the
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investigators carried out a cross-sectional study of children under 2 years of age in 18
villages in Tanzania at the beginning of a marketing campaign to promote the use of
treated nets. They collected data on net ownership and other factors by questionnaire
(the mothers of the children were interviewed), and took blood samples from the
children in the study to assess whether they were infected with malaria parasites
(parasitaemia), and also to see whether they were anaemic (as a consequence). The
children were also assessed for clinical signs of malaria. Two further surveys were done
over the next 2 years. A different random sample of children was selected on each
occasion.

The investigators identified 985 eligible children, and interviewed the mothers of 827 of
these children over the course of the three cross-sectional surveys (16 mothers
refused consent, and 142 could not be contacted). Of the 827 interviewees, data from
748 were included in the analysis because 68 children were aged over 2 years at the
time of sampling and net status was not known for 11 children. Table 4.1 shows some of
the results from the study.

Answer the following questions about this study. Refer to the text above if you need
help.

1 Is this adescriptive or an analytical cross-sectional study?

2 Does it matter that data from some of the eligible children were not included in the
analysis?

3 Describe the results of the study shown in Table 4.1. Can you calculate the effect of
net ownership on the proportion of children with malaria parasitaemia from this
table?

Table 4.2 shows numbers of children with anaemia and parasitaemia according to net
ownership for all three surveys.

4 What is the prevalence ratio for the effect of owning a treated net on the
prevalence of anaemia?

5 What is the prevalence ratio for the effect of not owning a net (whether treated or
untreated) on the prevalence of parasitaemia?

Table  4.1 Results of three cross-sectional surveys, 1997–1999

Year of survey

1997 1998 1999

Number of children eligible 325 330 330
Number of children analysed 240 269 239
Number (%) of net ownership

no net 100 (42%) 49 (18%) 40 (17%)
untreated net 116 (48%) 64 (24%) 53 (22%)
treated net 24 (10%) 156 (58%) 146 (61%)

Number (%) of children
with anaemia 118 (49%) 83 (31%) 62 (26%)
with parasitaemia 151 (63%) 126 (47%) 90 (38%)
with splenomegaly 207 (86%) 144 (54%) 117 (49%)

Source: data from Abdulla et al. (2001)
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Hint: Construct a 2 × 2 table of each outcome and exposure variable, and convert the
exposure into two categories (i.e. net, no net; treated net, no treated net), as indicated
in each question.

Fee db ac k

1 This is an analytical cross-sectional study, because the investigators are interested in
the effect that the preventive measure of using insecticide-treated bed nets will have on
the prevalence of malaria in children.

2 Yes, it might matter if data from children who could not be contacted or who refused
to participate differed in some way from the data from children who were included. In
fact, the investigators checked whether there were differences between those included
in the analysis and those who were not by comparing net ownership and the prevalence
of anaemia between these two groups, where they had data available, and found similar
proportions in each group. However, they would be unable to check whether those
who could not be contacted were similar to those who were interviewed, so there
might be some bias in the results they reported. This would mean that their study
population might differ from the target population (i.e. the general population to which
the results are applied).

3 The results in Table 4.1 seem to indicate that ownership of treated nets increases
over the period of the study, while the number of households with no nets or
untreated nets decreases. The proportions of children with anaemia, parasitaemia and
splenomegaly decrease over the course of the study. However, from Table 4.1 it is not
possible to calculate the effect of net ownership on the proportion of children with
malaria, because we have not been given the numbers of children with either anaemia,
parasitaemia or splenomegaly in each of the net ownership categories.

4 Your 2 × 2 table should look like Table 4.3. To calculate the prevalence ratio, we need
to compare the prevalence of anaemia in the two exposure groups:

Prevalence of anaemia in those with treated nets = 70/326 = 0.215 or 21.5%.

Prevalence of anaemia in those without treated nets = 193/422 = 0.457 or 45.7%.

Therefore the prevalence ratio is 0.215/0.457 = 0.47, indicating that children in house-
holds with treated nets have a 53% lower prevalence of anaemia than those without
treated nets.

Table  4.2 Effect of nets on prevalence of anaemia and parasitaemia

Number (%) of children

With anaemia With parasitaemia Total

Net ownership
no net 103 (54%) 132 (70%) 189
untreated net 90 (39%) 115 (49%) 233
treated net 70 (21%) 120 (37%) 326

Total 263 367

Source: data from Abdulla et al. (2001)
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5 Your 2 × 2 table should look like Table 4.4.

To calculate the prevalence ratio, we need to compare the prevalence of parasitaemia
in the two exposure groups:

Prevalence of parasitaemia in those without nets = 132/189 = 0.698 or 69.8%.

Prevalence of parasitaemia in those with nets = 235/559 = 0.420 or 42%.

Therefore the prevalence ratio is 0.698/0.420 = 1.66, indicating that children in
households without nets have a 66% higher prevalence of parasitaemia than those with
nets.

Summar y

In  th is ch apter you  h ave learn ed about th e key features of cross-section al studies.
You sh ould  n ow be able to describe th e features of a cross-section al study, d iscuss
th e poten tial sources of bias in  th is type of study, an d un derstan d its stren gth s an d
lim itat ion s.

In  th e n ext  ch apter, we will look at  ecological studies.
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Table  4.3 Treated net ownership among children with and without anaemia

Number of children

Anaemia No anaemia Total

Treated net 70 256 326
No treated net 193 229 422
Total 263 485 748

Table  4.4 Net ownership among children with and without parasitaemia

Number of children

Parasitaemia No parasitaemia Total

No net 132 57 189
Net 235 324 559
Total 367 381 748
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Over view

In  th is ch apter you  will learn  about th e features, advan tages an d lim itat ion s
of ecological studies. Ecological studies are observation al studies th at  can  be
descrip tive or an alytical an d con sider th e ch aracterist ics of a d isease an d risk factors
m easured at  th e populat ion  rath er th an  th e in dividual level.

Le ar nin g ob je ct ives

Afte r worki ng  th rou gh  th is ch apt er, you  will be  be tte r able  to :

• de sc rib e th e ba sic  fea tu res  an d us es  of  ec ol ogi ca l stu di es
• dis cu ss  th e po te nt ial  so urce s of  bi as  in  ec ologi ca l stu di es
• un de rs tan d th e stren gt hs  an d limita tio ns  of  ec ol ogic al  st ud ies .

Key te rms

Aet io logy Th e scien ce or ph ilosoph y of causation .

What is an  ec ologi ca l stu dy ?

Th e m ain  differen ce between  ecological studies an d th e oth er types of study we will
look at  is th at  th ey are carried  ou t  at  th e population  level. Th ey use aggregate data
an d do n ot m easure ou tcom es an d risk factors in  in dividual people. Most ecological
studies are cross-section al in  n ature, an d are used to com pare d ifferen t  groups, such
as populat ion s from  differen t  region s or coun tries, or groups from  differen t  types
of em ploym en t. Th ese studies are kn own  as multigroup studies. Som e ecological
studies are longitudinal in  n ature, wh ich  m ean s th at  data are collected  from  a
populat ion  over t im e to look for tren ds or ch an ges. Th is type of study is kn own  as
a time-trend or a time-series study.

Like cross-section al studies, ecological studies can  be descrip t ive or an alytical. A
descrip tive study m igh t be used to look at  th e d istribu tion  of a part icu lar ou t-
com e, such  as cardiovascu lar d isease or tubercu losis, across a geograph ic area for
a m ult igroup study or in  a part icu lar region  over t im e for a t im e-tren d study, or
between  differen t  subpopulation s. Th e in form ation  from  such  studies can  th en  be
used to gen erate fu rth er research  question s an d h ypoth eses. Figure 5.1 sh ows h ow
prevalen ce data can  be used to sh ow differen ces between  geograph ic region s.
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An alytical ecological studies are used to in vestigate possible associat ion s between
exposures an d ou tcom es at  th e population  level. Again , th is m igh t be over t im e, as
in  a time-trend study, or between  population s, as in  a m ult igroup or geograph ical
study.

Why stu dy  grou ps ?

Th ere are four m ain  reason s wh y we m igh t wan t to carry ou t  an  ecological between -
group study:

• To in vestigate d ifferen ces between  population s: th ere m ay be greater d ifferen ces
between  population s th an  with in  th em  – due to d ifferen ces in  cu ltu re or
treatm en t, for exam ple.

• To study group-specific effects: som etim es, especially in  public h ealth ,
in terven tion s are aim ed at  th e group level rath er th an  th e in dividual level.

• Con ven ien ce an d availability of group-level data: som etim es data are on ly
available at  th e group level (e.g. air pollu tion , h ealth  care services).

• It  can  be ch eap  an d qu ick, especially if it  uses rou tin e data already available.

Fi gu re 5. 1 Distribution of tobacco consumption in India

Source: Subramanian et al. (2004)
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Multigrou p st ud y

In  public h ealth , in  part icu lar, we are often  in terested  in  explain in g wh y som e
groups of people h ave a h igh er prevalen ce of d isease th an  oth ers. We can  com pare
poten tial risk factors for d isease between  th e groups to see wh eth er th ey h elp  to
explain  th ose d ifferen ces.

Group-specific effects are exposures th at  act  over th e en tire group, an d do n ot
n ecessarily h ave a d irect  effect  on  th e in dividual m em bers of th e group. Ecological
studies allow us to take accoun t of exposures th at  act  in  th is way. Exam ples of
group-specific exposures in clude factors such  as tem perature an d clim ate variat ion
between  region s, th e presen ce of a public h ealth  m easure or law, pollu tion ,
poverty, an d even  th e region al prevalen ce of in fectious d iseases.

Routin e data are often  m ore easily obtain able at  th e group level th an  at  th e in di-
vidual level. In  addit ion , such  data m ay be readily available, less costly an d easier to
use th an  in dividual data. Data on  som e exposures, such  as th ose m en tion ed above,
m ay be d ifficu lt  or even  im possible to collect  at  an  in dividual level. Th ey m ay also
be m ore in accurate th an  group-level data. For exam ple, data on  alcoh ol con sum p-
tion  for a population  m ay be m ore accurately obtain ed by lookin g at  alcoh ol sales
across a region , rath er th an  by askin g in dividuals h ow m uch  alcoh ol th ey drin k
(alth ough  th ere is n o way of kn owin g wh eth er th e alcoh ol was con sum ed in  th e
sam e t im e period).

Time-tren d stu dy

Com parison s can  be m ade over t im e with in  th e sam e population  to sh ow h ow
in ciden ce of d isease ch an ges over t im e an d to iden tify pattern s of ch an ge. Tim e-
tren d studies can  in vestigate wh eth er ch an ges in  d isease in ciden ce correlate with
ch an ges in  risk factors for a d isease or to evaluate a specific in terven tion . For
exam ple, does th e in crease or fluctuation  in  air quality correlate with  th e in ciden ce
of asth m a in  ch ildren ?

Analys is an d int er pret at io n

In  an alytical ecological studies, m easures of exposure an d ou tcom e are usually
con tin uous variables: for exam ple, prevalen ce of d isease, m ortality rate, p roportion
of population  exposed to a part icu lar factor, or m ean  tem perature in  a geograph ical
region . Th is m ean s th at  we can n ot use th e sam e m easures as we would  use in  an
in dividual-level study, such  as a m easure of relat ive risk. However, we can  d isp lay
th e data as a scatterp lot  (see Figure 5.2) by p lott in g th e ou tcom e variable again st
th e exposure variable. From  th is we can  determ in e wh eth er th ere seem  to be an y
tren ds in  th e data, wh ich  can  be confirm ed usin g stat ist ical m eth ods (correlat ion  or
regression ). Ecological studies can  h elp  us to draw con clusion s about part icu lar
exposures on  population s or groups of people. However, th e resu lts of ecological
studies n eed to be in terpreted  with  cau tion .

• Ecological studies m ay be un able to m easure in form ation  on  oth er im portan t
risk factors th at  m ay also be associated  with  th e d isease un der study (because th e
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data are collected  already an d were collected  for oth er purposes). If th is risk
factor is also related  to th e risk factor un der study it  m ay con foun d th e
associat ion  between  risk factor an d disease an d bias th e resu lt  (con foun din g
is explain ed in  Ch apter 9). Geograph ical com parison s can  be stan dardized
(direct  or in direct  stan dardization  – see Ch apter 2) for age an d sex, bu t  n ation al
est im ates of prevalen ce m ay differ in  oth er ways th at  are h arder to m easure
(e.g. defin it ion s of data collected).

• Data on  exposure an d ou tcom e m ay be collected  in  d ifferen t  ways with  d ifferen t
defin it ion s wh ich  m ay bias th e resu lts. Differen ces in  th e way data are collected
over t im e m ay also d iffer system atically. For exam ple, defin it ion s of a case or th e
diagn ostic test  used to iden tify a case m ay differ over t im e.

• Geograph ical com parison s m ay suffer from  m igration  of population s between
groups over th e period of th e study, wh ich  m ay dilu te th e d ifferen ce between
groups.

• Ecological studies do n ot  en able us to an swer question s about in dividual risks.
Th erefore, we sh ould  n ot  assum e th at  th e causes of group-level ou tcom es are th e
sam e as th e causes of in dividual cases. An y attem pt to in fer from  th e group level
to th e in dividual level – ecological in feren ce – gives rise to ecological fallacy (or
bias). For exam ple, ecological studies h ave been  used to sh ow a relat ion sh ip
between  breast  can cer an d h igh er proportion  of fat  in  th e d iet , an d we can  say
th at  th ese two are correlated , bu t  we can n ot say th ey are causally related  an d we
can n ot say th at  h avin g a h igh  fat  in take causes breast  can cer.

• Ecological studies are often  crit icized because of th e problem  of ecological
fallacy. However, th e sam e problem  exists if we try to draw con clusion s about
group-level causes on  th e basis of resu lts of an  in dividual-level study. Th is is
part icu larly im portan t  to rem em ber wh en  tryin g to ch an ge public h ealth  policy
on  th e basis of in dividual-level data.

In  th e followin g activity, you  will look at  a study carried  ou t  in  th e late 1970s to
look at  a possible associat ion  between  alcoh ol con sum ption  an d breast  can cer in
wom en .

Activ ity  5. 1

To assess the association between alcohol consumption and breast cancer, an
epidemiological study involving 32 countries was carried out in 1978 (Schatzkin et al.
1989). The key methods of the study were as follows:

• to estimate the average per capita consumption of alcohol and fat during 1977 in
several countries using the Food Balance Sheet of the Food and Agricultural
Organization;

• to estimate the incidence of breast cancer in these populations in 1978 from the
national cancer registries;

• to assess the association between the level of alcohol consumption and the incidence
of breast cancer by linear regression methods.

The scatterplot in Figure 5.2 shows the incidence of breast cancer and alcohol
consumption.
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Table 5.1 gives the correlation coefficients obtained from the analysis. Correlation
coefficients have values between −1 and +1: the further the value is from zero, the
stronger the correlation, or association, between variables; therefore, a value above 0.6
(or below −0.6) indicates a strong positive (or negative) correlation, and a value
between 0.4 and 0.6 indicates a moderate correlation.

Use the information given to answer the following questions:

1 What type of study is this? (Give reasons for your answer.)

2 Do the data in Table 5.1 suggest that there is an association between alcohol
consumption and breast cancer?

3 Can you establish a causal link between alcohol consumption and breast cancer
from this study? (Give reasons for your answer.)

Fee db ac k

Your answers should be along the following lines.

1 This is an analytical ecological study. It is an ecological study since the exposure
variable of interest (alcohol) and the outcome variable (breast cancer) are measured

Fi gu re 5. 2 Correlation between alcohol consumption and incidence of breast cancer in 32
countries, 1978

Source: Schatzkin et al. (1989)

Table  5.1 Correlation coefficients for alcohol and fat consumption and breast cancer, 1978

Variable Correlation coefficient (r) P-value

Breast cancer on alcohol 0.45 0.0091
Breast cancer on fat 0.69 0.0001
Breast cancer on alcohol adjusted for fat −0.17 0.347

Source: Schatzkin et al. (1989)
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at the population level and the unit of analysis is populations (32 countries) and not
individuals. And it is analytical because the study aims to assess the association (correl-
ation) between the population level of alcohol consumption and the population inci-
dence of breast cancer by linear regression methods.

2 The results of the correlation between breast cancer and alcohol consumption
suggest that there is an association between these two variables. The likelihood of
observing this association by chance is only 9 in 1000 (given by the P-value), so this
association is statistically significant. However, when the correlation between fat con-
sumption and breast cancer is taken into account, the correlation between alcohol and
breast cancer is significantly reduced – indeed, the association is reversed (r = −0.17)
and is not statistically significant (P = 0.347). It appears that the association between
alcohol consumption and breast cancer was confounded by fat consumption.

3 No, it is not possible to establish such a causal link. Since the exposure variable
(alcohol consumption) is not measured on individuals, the people who consumed alco-
hol and who developed breast cancer could be different within each population. Thus, a
causal link cannot be established in this study design even if confounding is controlled
by adjusting for other factors.

Summar y

In  th is ch apter you  h ave learn ed about th e key features of cross-section al studies.
You sh ould  n ow be able to recogn ize an  ecological study, an d un derstan d its
stren gth s an d lim itat ion s.

In  th e n ext  ch apter, we will look at  coh ort  studies.
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Over view

On e m eth od of establish in g an  associat ion  between  exposure an d disease is to
follow a population  over t im e. In  a coh ort  study, part icipan ts are followed over
t im e to see wh eth er th ey develop  th e d isease of in terest . Coh ort  studies h ave lon g
been  used as form s of n atural experim en t, sin ce defin ed groups are followed as th ey
would  be in  an  in terven tion  trial, alth ough  th e in vest igator’s job is purely to
observe an d n ot  to in terven e.

Le ar nin g ob je ct ives

Afte r worki ng  th rou gh  th is ch apt er, you  will be  be tte r able  to :

• de sc rib e th e pr in ci pa l de sig n fea tu res  of  co ho r t stu di es
• exp lai n th ei r stren gt hs  an d weakn es se s
• de sc rib e th e major  so urce s of bi as  of co ho r t st ud ie s
• de sc rib e th e ba sic  an alyt ic al app roa ch es  commonly us ed .

Key te rms

Measu rem en t  b ias System atic error in  m easurem en t or classification  of th e part icipan ts in  a
study.

Select ion  b ias System atic d ifferen ces in  ch aracterist ics of th e part icipan ts in  a study, between
th e study an d con trol groups, so th at  th ey d iffer from  each  oth er by on e or m ore factors th at
m ay affect  th e ou tcom e of th e study.

What is a co ho r t?

Epidem iologists use th e term  cohort to describe a group of in dividuals wh o sh are a
com m on  ch aracterist ic. A coh ort  m ay th erefore be a group of workers from  a fac-
tory, a group of ch ildren  wh o were born  in  th e sam e year, or a group of in dividuals
wh o h ave been  d iagn osed with  th e sam e disease.

Th e coh ort  part icipan ts are selected  on  th e basis of bein g exposed to a poten tial risk
factor (e.g. work in  th e factory or n ot), an d th ey sh ould  be free of th e ou tcom e
un der in vestigation  at  th e start  of th e study. For exam ple, if th e ou tcom e is h avin g
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can cer, it  is im portan t  to en sure th at  all part icipan ts are can cer-free at  th e start  of
th e study.

In  a coh ort  study, in form ation  on  certain  specified factors is collected  at  th e start  of
th e study an d can  be updated  durin g th e study. Th e progress of th ese in dividuals is
th en  followed over t im e to see if th ey develop  a part icu lar d isease or reach  som e
oth er pre-specified en d-poin t .

Th e coh ort  is defin ed by its exposure to a possible risk factor for th e ou tcom e un der
study. Th e exposure could  be workin g in  a part icu lar factory, livin g in  a city, or
lifestyle factors such  as sm okin g or alcoh ol in take. Th e ou tcom e of in terest  cou ld  be
developin g a d isease, or death , or possibly survival if th e coh ort  all h ave a part icu lar
disease an d th e exposure of in terest  is som e form  of th erapy.

Types  of  co ho r t st ud y

Coh ort  studies (also kn own  as incidence studies, longitudinal studies, or follow-up stud-
ies) are observation al studies an d can  be descrip t ive or an alytical. Coh ort  studies
can  be prospective or retrospective; h owever, both  types defin e th e coh ort  on  th e
basis of exposure an d n ot ou tcom e status.

Prospective coh orts iden tify th e part icipan ts an d th en  follow th em  up over t im e
un til th e en d-poin t  of in terest  h as been  reach ed (or th e t im e lim it  for th e study h as
been  reach ed). Th is gives coh ort  studies an  advan tage over cross-section al studies,
because th e tem poral relat ion sh ip  between  exposure an d ou tcom e can  be
establish ed.

Retrospective coh orts use pre-exist in g data on  exposures an d ou tcom es – for
exam ple, from  m edical or occupation al records – an d th erefore do n ot  n eed to
follow in dividuals over t im e sin ce all th e in form ation  is already available. A coh ort
study m ay com bin e both  retrospective or prospective data. For exam ple, an  occu-
pation al coh ort  study m ay iden tify part icipan ts wh o started  work in  th e sam e year
an d follow th em  un til th ey ret ire, bu t  m ay use data on  previous work h istory an d
from  m edical records th at  pre-date th e start  of th e study to provide in form ation  on
exposures.

As with  oth er studies (such  as cross-section al an d ecological studies already dis-
cussed) th ere are advan tages an d disadvan tages to usin g rou tin e data. Retrospective
studies usin g rou tin e data are usually qu icker an d ch eaper to carry ou t , part icu larly
for d iseases or even ts th at  m ay take decades to develop  (e.g. can cer). Routin e data
m ay n ot  be able to provide all th e n ecessary in form ation  on  oth er im portan t  risk
factors for th e d isease un der in vestigation  (case m ix), wh ich , if un accoun ted for,
m ay lead to a bias in  th e study – for exam ple, if th e ‘exposed’ coh ort  are m ore likely
to h ave th is oth er risk factor th an  th e ‘un exposed’ coh ort . Routin e data m ay h ave
been  poorly collected , with  m issin g an d in accurate data. Data recorded over a lon g
period of t im e m ay also be liable to ch an ges in  defin it ion s an d codin g system s.
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St ud y de sig n

Se lec tio n of  th e stu dy  po pu lat io n

Selection  of th e study population  usually depen ds on  wh eth er th e exposure of
in terest  is com m on  or rare.

If th e exposure is com m on , we can  select  th e study population  before classifyin g
each  in dividual as exposed or un exposed. Th e study population  cou ld  be a sam ple
of th e gen eral populat ion , for exam ple. In form ation  on  exposure can  th en  be
collected  as th e in dividuals are followed up , an d th e origin al select ion  of th e coh ort
purely depen ds on  th e group bein g d isease-free at  th e start  of th e study.

Altern atively, th e study populat ion  cou ld  be selected  from  a part icu lar occupation
group (e.g. n urses, govern m en t workers, or m in e workers) or by p lace of work
(factory, or oth er large in st itu t ion ). Th is is kn own  as a workforce or occupational
cohort an d h as th e advan tage of h igh er part icipation  an d h igh er level of follow-up
th an  gen eral population  coh orts. In  m ost  cases it  does n ot  m atter th at  th e work-
force coh ort  is n ot  represen tat ive of th e gen eral population , as lon g as th e exposed
an d un exposed groups are com parable.

If th e exposure is rare, th e study sam ple can  be selected  on  th e basis of exposure to
m ake sure th at  en ough  exposed people are in cluded to m ake th e study viable. For
th is type of study, occupation al coh orts are usually very usefu l, especially if th e
exposure is con n ected  to th at  type of occupation . For exam ple, if th e exposure of
in terest  is con tact  with  in dustrial ch em icals, th en  workers at  a part icu lar factory
wh o are kn own  to h an dle ch em icals as part  of th eir job can  be ch osen  as th e
exposure group. Th e com parison  group would  th en  be selected  from  workers at  th e
sam e factory wh o did  n ot  work with  th ose ch em icals. Th is is kn own  as an  internal
comparison group. However, if all workers at  th e factory h ad som e degree of
exposure, we would  n eed to select  a com parison  group from  an oth er populat ion ,
possibly an oth er type of factory, to en sure th at  th e com parison  group on ly d iffered
in  term s of th eir exposure an d n ot  in  term s of oth er factors. Th is would  be an
external comparison group.

Th e reason  wh y we would  ten d to select  an  extern al com parison  group from
an oth er workforce an d n ot from  th e gen eral population  is because of th e healthy
worker effect. Th e gen eral population  is usually less h ealth y th an  a workforce
populat ion , because it  in cludes people wh o are too sick to be at  work. Th is will
in troduce addit ion al d ifferen ces between  th e two com parison  groups, an d m ay
lead to bias in  th e resu lts th at  are obtain ed. Th is type of bias is a form  of selection
bias. Th e effect  of th is ph en om en on  is th at  an y excess risk associated  with  an
occupation  will ten d to be un derest im ated by a com parison  with  th e gen eral
populat ion .

Ex po su res

As in  an y study, it  is im portan t  th at  exposures are m easured accurately an d
con sisten tly between  study part icipan ts. Failu re to do so m ay resu lt  in  an oth er type
of bias – measurement (information) bias.
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Data on  exposures can  be collected  in  m uch  sam e way as in  a cross-section al study –
for exam ple, by in terviewin g th e part icipan ts, con su lt in g m edical records, takin g
biological sam ples, or usin g oth er form s of rou tin e data. Usually data th at  are n ot
goin g to ch an ge durin g th e study are collected  at  th e begin n in g, such  as date of
birth , sex, birth  weigh t , adu lt  h eigh t , blood type an d gen etic factors. Oth er data
th at  m ay ch an ge, such  as blood pressure, ph ysical act ivity, sm okin g, or d isease
status, are collected  by reassessin g th e coh ort  at  p redefin ed t im epoin ts durin g th e
study, or in  certain  circum stan ces from  m edical records as an d wh en  th ey occur.

It  m ay well be th e case th at  th e exposure of in terest  ch an ges durin g th e study. It  is
th erefore im portan t  th at  an y ch an ges in  exposure status are docum en ted an d
updated . Th ere are special stat ist ical tech n iques th at  can  be used in  th e an alysis of
resu lts th at  will take accoun t of such  ch an ges, an d can  even  deal with  ch an ges in
con tin uous variables such  as blood pressure variat ion s.

A m ajor con sideration  wh en  design in g a coh ort  study is th e availability of accurate
an d com plete in form ation  th at  will allow th e correct  classification  of exposure
status an d ou tcom e status. Th e m ain  feature of prospective coh ort  studies is th at
data on  exposures are collected  before data on  th e ou tcom e. Th is gives th em  a m ajor
advan tage over oth er study types in  determ in in g wh eth er an  exposure m igh t be
causally associated  with  th e ou tcom e, sin ce we can  be fairly sure in  wh ich  order th e
exposure an d ou tcom e occurred  an d it  is un likely th at  th e ou tcom e status would
affect  th e classification  of exposure status. However, in  retrospective coh ort  studies
th is m ay n ot be th e case if kn owledge of th e d isease status affects classification  of
exposure status. In  addit ion , if th e exposure status is kn own  by th e person  assessin g
outcom e status, th is cou ld  lead  to m isclassification  of ou tcom e status (observer
bias). More in form ation  about th e effect of m isclassification  can  be foun d in
Ch apter 9.

Fol low-up

Th e len gth  of follow-up th at  is n eeded for som e studies to reach  a sat isfactory
en d-poin t , wh en  a large en ough  proport ion  of th e part icipan ts h ave reach ed an
outcom e, m ay be m an y years or even  decades. Th is can  m ake th is type of study
part icu larly expen sive an d t im e-con sum in g to carry ou t . Th at  is wh y coh ort  studies
often  m ake use of occupation al coh orts, for exam ple, as keepin g track of th ese
in dividuals is easier, an d th e cost  of followin g th em  up is often  lower, th an  for a
gen eral populat ion  coh ort . Retrospective studies can  avoid  som e of th e problem s of
a lon g follow-up period by usin g h istorical records. However, th ese data m ay be less
accurate.

Th e len gth  of t im e a coh ort  n eeds to be followed up  leads to a poten tial weakn ess of
coh ort  studies, because loss of con tact  with  part icipan ts in  th e study can  resu lt  in
bias if th ere are d ifferen ces in  th is loss to follow-up between  exposure groups. Th is
m ay be due to th e people wh o are lost  to follow-up bein g m ore (or less) likely to
h ave developed th e ou tcom e of in terest . If follow-up of part icipan ts is con ducted
by a self-com pleted  question n aire, for exam ple, patien ts m ay be less likely to
respon d due to death , d isability, m ovin g in to a n ursin g h om e, etc.
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Outcomes

Again , as with  oth er sorts of study, in form ation  on  ou tcom es sh ould  be as com plete
an d as accurate as possible for all exposure groups. Th ese data sh ould  be collected
with out kn owledge of exposure status, to avoid  bias by th ose collectin g th e data
(observer bias). Data collection  m eth ods for ou tcom e m ay ran ge from  death
n otification s from  rou tin e databases, periodic h ealth  exam in ation s or h ealth  ou t-
com e question n aires to m em bers of th e coh ort . Th e type of ou tcom e collected
n eeds to be appropriate to th e d isease un der study.

Analys is

If th e coh ort  study is descrip tive, we can  sim ply m easure th e frequen cy with  wh ich
th e ou tcom e occurs. Th is cou ld  be eith er a risk or a rate. If th e follow-up t im es for all
th e part icipan ts are sim ilar, th en  we can  use th e risk. However, if th e follow-up
tim es d iffer between  part icipan ts, th en  a rate would  be m ore appropriate. (A rate
uses person -t im e at  risk so is m ore accurate if th e person -t im e at  risk d iffers across
part icipan ts.)

In  an  an alytical coh ort  study, th e m eth od of an alysis depen ds on  wh eth er th e
exposure m easures are categorical or con tin uous (see Ch apter 4). Again , depen din g
on  th e follow-up, we can  th en  calcu late a risk ratio or rate ratio (in  th e case of
dich otom ous variables) or even  a m easure of attributable risk or rate. Com parison  of
disease or death  rates in  th e coh ort  with  th e rates in  gen eral population  cou ld  also
be m ade by usin g stan dardized m orbidity or m ortality rat ios.

If th e exposure m easure h as m ore th an  two levels or is con tin uous, we would  n eed
to decide wh ich  level to use as a baselin e to com pare again st  oth er levels. For
exam ple, n on -sm okers cou ld  be used as th e baselin e un exposed group, an d levels of
ou tcom e com pared again st  ex-sm okers an d curren t  sm okers.

As with  an y an alytical study in  ep idem iology, th e observed associat ion  between
exposure an d ou tcom e m ay be affected  by chance, bias and confounding an d
con siderat ion  n eeds to be given  to h ow th ey m ay h ave affected  th e resu lts.

Th ere is a possibility th at  resu lts witn essed are due to chance alon e. Ch an ce is m ore
likely to be a factor if th e sam ple size is sm all an d th e study lacks th e power to detect
th e true est im ation  of th e associat ion  (see Ch apter 4 for m ore in form ation  on
power an d sam ple size). Th e role of ch an ce in  an y study can  be m easured by a
P-value given  by a stat ist ical test  (e.g. a ch i-square or t test) wh ich  represen ts th e
probability th at  an  associat ion  (at  least  as big as th e on e observed) cou ld  h ave
occurred  by ch an ce alon e, given  th ere tru ly was n o associat ion  (n u ll h ypoth esis).

Th e exten t  to wh ich  th e observed associat ion  h as been  affected  by bias n eeds to be
evaluated  – for exam ple, if th ere were (system atic) d ifferen ces in  th e way part ici-
pan ts were selected  (select ion bias) or d ifferen ces in  th e way exposure an d ou tcom e
in form ation  was m easured (m easurem en t bias). Essen tially, if th e exposed an d
n on -exposed groups differed in m ore ways th an just th eir exposure status th is will
bias th e true associat ion between exposure an d outcom e. In accuracies in data col-
lection an d classification of exposure an d outcom e data are in evitable in an y study;
h owever, th is biases th e resu lts wh en th e errors are differen t for each study group.
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Confounding m ay resu lt  in  th e stren gth  of an  associat ion  bein g over- or un der-
est im ated. A confounder is a ch aracterist ic th at  is an  in depen den t risk factor for th e
outcom e (disease) un der study as well as bein g associated  with  th e exposure un der
study. If on e study group h as a greater proportion  of th e con foun der th an  th e
com parison  group th en  th at  group will be m ore likely to develop  th e ou tcom e
un der study even  regardless of th e true associat ion  between  th e exposure an d ou t-
com e un der study. If details of con foun ders are available for th e part icipan ts th en  it
is possible to take th ese in to accoun t durin g th e an alysis of th e study. However,
som e con foun ders m ay n ot  be kn own  to th e in vest igator or data m ay n ot  be avail-
able on  th em  (th is is part icu larly a problem  for retrospective coh ort  studies relyin g
on  rou tin e data).

Furth er issues of in terpretat ion  will be d iscussed in  Ch apter 9.

St ren gt hs  an d wea kn es se s

Coh ort  studies h ave th e advan tage th at  th ey can  be used to study relat ively rare
exposures by carefu l selection  of groups of part icipan ts on  th e basis of th eir
exposure. Th is group can  th en  be com pared with  an oth er coh ort  th at  was
un exposed to th is risk factor to see wh eth er th ey d iffer in  term s of th e in ciden ce of
disease.

Coh ort  studies also h ave flexibility in  th at  th ey en able th e in vest igators to study a
wide ran ge of d isease ou tcom es th at  m igh t be associated  with  th e exposure of
in terest . Sin ce th ey do n ot  rely on  data th at  h ave already been  docum en ted, th e
in vestigators can  decide to collect  a broad ran ge of in form ation , as lon g as th ey
h ave th e fun ds to do so. An oth er advan tage is th at  if an  ou tcom e was n ot  an tici-
pated  at  th e start  of th e study, th is n eed n ot  stop  collection  of data about it  later on .
In  addit ion  to in form ation  on  ou tcom es, detailed  in form ation  on  con foun din g
factors can  be collected , allowin g th e in vestigators to con trol for th em  eith er in
th e design  or an alysis. If th e data on  exposures are very detailed , th ere m ay also
be th e opportun ity to study dose–respon se relat ion sh ips between  exposures an d
outcom es.

Because of th e way in  wh ich  th e study is carried  ou t , in form ation  on  exposure
relates to t im e period before d isease on set . Coh ort  studies are th erefore m ore likely
th an  ecological, cross-section al or case–con trol studies to m eet th e tem porality
criterion  for causality (see Ch apter 9).

On e m ajor d isadvan tage of coh ort  studies is th e n um ber of part icipan ts (sam ple
size) th at  is requ ired . If th e d isease is rare, th e sam ple size m ay h ave to be so large
th at  a coh ort  study is im practicable, an d oth er study design s m ay n eed to be
con sidered, such  as a case–con trol study.

An oth er d isadvan tage is th e cost  of data collect ion , alth ough  th is depen ds on
wh eth er th e study is retrospective, prospective or a m ixture of th e two, an d on
wh eth er follow-up is act ive (e.g. h ealth  evaluation s, quality-of-life quest ion n aires)
or passive (e.g. death  or can cer n otification s).

Th e t im e requ ired  to carry ou t  a coh ort  study m ay also be a d isadvan tage, sin ce th is
is likely to be substan tially lon ger th an  for oth er study design s. Som e prospective
coh ort  studies m ay take m an y decades to com plete. However, in vest igators often
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t ry to work roun d th is by tryin g to obtain  th e m axim um  ben efits from  such  a study
by collect in g as m uch  data as possible so th at  oth er substudies can  be carried  ou t
usin g th e sam e coh ort .

Because of th e stren gth s an d weakn esses listed  above, coh ort  studies are m ost  often
used wh en  th e d isease of in terest  is com m on  or th e effects of th e exposure are n on -
specific or n ot  well defin ed.

Activ ity  6. 1

In 1951, a prospective cohort study was set up among British doctors to investigate the
relationship between smoking and mortality, particularly the association between
smoking and lung cancer (Doll and Peto 1976; Doll et al. 1980). This is an important
study and follow-up of participants is still under way. Results for 50 years of follow-up
were published recently in the British Medical Journal (Doll et al. 2004).

In 1951, a questionnaire on smoking habits was sent to 49,913 male and 10,323 female
doctors registered with the British General Medical Council; 34,440 (69%) male doc-
tors and 6194 female doctors gave sufficient information to classify their smoking
status. The vital status of these doctors was followed up for 50 years from the records
of the Registrar General’s Office, the British Medical Council, and the British Medical
Association. The causes of death of 10,072 male and 1094 female doctors who had died
during this period were ascertained from death certificates. The rate of death from lung
cancer among smokers was compared to that among non-smokers.

1 Discuss the potential sources of bias in this study.

2 What information on smoking would you collect to classify smoking exposure
status?

3 The numbers of male doctors in each age group classified as smokers or non-
smokers are given in Table 6.1. Comment on the age distribution and the steps to be
taken while comparing lung cancer deaths between these two groups.

4 Age-adjusted lung cancer death rates (per 100,000 persons per year) among
smokers and non-smokers in male and female doctors are given in Table 6.2. Calcu-
late an appropriate epidemiological measure to assess the association between
smoking and lung cancer and discuss the result, especially the differences between
males and females.

Table  6.1 Numbers of smokers and non-smokers by age group among the male doctors

Age group (years) Smokers Non-smokers Total

20–29 3 568 1 693 5 261
30–39 8 057 1 884 9 941
40–49 6 310 1 030 7 340
50–59 5 144 610 5 754
60–69 3 082 288 3 370
70+ 2 476 298 2 774

Total 28 637 5 803 34 440

Source: data based on Doll and Peto (1976)
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5 The proportion of inhalers of smoke and the mean age when started to smoke
among the three groups of smokers in men and women are given in Table 6.3. What
further analysis would be needed to explore further the observed difference in the
effect of moderate smoking in men and women?

Fee db ac k

Your answers to the questions should be along the lines of the following:

1 There are two potential sourcesof bias in thisstudy.Some doctorsmight have given
inaccurate information regarding their smoking habits which could have resulted in
misclassification of exposure to smoking (information bias). However, the size of this
bias and its influence on the observed association between smoking and lung cancer
would be small, since at the time of classification of exposure to smoking, the risk of
lung cancer (the outcome) was not known. It is possible that lung cancer was more
frequently diagnosed or certified as the cause of death among smokers than among
non-smokers. However, this is unlikely since lung cancer can be diagnosed accurately
using various radiographic and histological investigations.

It is unlikely that the investigators were able to follow up all subjects for 20 years for
reasons such as migration and loss of records (loss to follow-up). In this study, however,
the rate of loss to follow-up is unlikely to be different between smokers and non-
smokers.

2 First, the subjects have to be classified as current, past or never smokers. In addition,
the effect of smoking can vary depending on the type of smoke (e.g. cigarette, cigar),

Table  6.2 Death rates from lung cancer by status of smoking and sex

Lung cancer death rates per 100 000 persons per year*

Sex of doctors Non-smokers Smoking 1–14
cigarettes/day

Smoking 15–24
cigarettes/day

Smoking 25+
cigarettes/day

Male 10 78 127 251
Female 7 9 45 208

* Adjusted for age by direct standardization.

Source: based on Doll and Peto (1976) and Doll et al. (1980)

Table  6.3 Distribution of inhalation and mean age when started to smoke

Smoking 1–14
cigarettes/day

Smoking 15–24
cigarettes/day

Smoking 25+
cigarettes/day

Features of smoking Male Female Male Female Male Female

Proportion inhaling smoke (%) 66 42 80 54 83 58
Mean age (years) when started to
smoke

20 24 19 23 19 22

Source: based on Doll and Peto (1976) and Doll et al. (1980)
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quantity of smoke (number of cigarettes per day; duration of smoking; method of
smoking, for example inhalation), age when started to smoke, and age when stopped (if
stopped). Information on all these variables related to smoking has to be collected.

3 The proportions of doctors in the age groups 20–29 years and 30–39 years are
substantially lower among smokers than non-smokers; in the other age groups, the
proportions are higher among smokers than non-smokers (Table 6.4).

Since mortality depends on age and the distribution of subjects by age group is different
between the smokers and non-smokers, the effect of age on mortality has to be
adjusted for when making comparison on lung cancer mortality between these two
groups. A commonly used method to adjust for the age is direct standardization (see
Chapter 2).

4 An appropriate epidemiological measure to assess the association between smoking
and lung cancer is relative risk – in this case, the rate ratio of lung cancer death among
different levels of smokers in male and females using the rate of death in non-smokers
as the baseline would be appropriate (Table 6.5).

The relative risk of lung cancer death increased with the level of smoking in both males
and females. The relative risk in the men smoking 1–14 and 15–24 cigarettes per day is
much higher than in the women; in the group smoking 25 or more cigarettes per day,
the relative risk in men is marginally less than that in women. Does this mean that the
effect of low levels of smoking is higher among men than among women? No statistical
testing to rule out the role of chance has been carried out, but the study had a large
sample size and the magnitude of difference is high, so it is unlikely to be due to chance.
However, the estimation of level of exposure to tobacco by counting the number
of cigarettes smoked per day may not be appropriate. For instance, the duration of
smoking, inhalation practices and age when started to smoke might have been different

Table  6.4 Distribution of doctors by age group among smokers and non-smokers

Age group (years) Smokers Non-smokers Total population

20–29 3 568 (12%) 1 693 (29%) 5 261 (15%)
30–39 8 057 (28%) 1 884 (32%) 9 941 (29%)
40–49 6 310 (22%) 1 030 (18%) 7 340 (21%)
50–59 5 144 (18%) 610 (11%) 5 754 (17%)
60–69 3 082 (11%) 288 (5%) 3 370 (10%)
70+ 2 476 (9%) 298 (5%) 2 774 (8%)

Total 28 637 5 803 34 440

Source: based on Doll and Peto (1976) and Doll et al. (1980)

Table  6.5 Relative risk of lung cancer death (adjusted for age) by status of smoking in male
and female doctors

Sex Non-smokers Smoking 1–14
cigarettes/day

Smoking 15–24
cigarettes/day

Smoking 25+
cigarettes/day

Male 1 7.8 12.7 25.1
Female 1 1.3 6.4 29.7

Source: based on Doll and Peto (1976) and Doll et al. (1980)



Cohort studies 73

between the men and women. Unless the effects of these features of smoking are taken
into account, one cannot conclude that low to moderate smoking has a higher effect in
men than in women.

5 The proportion of men inhaling smoke is higher than women in all three levels of
smoking. Men seemed to have started to smoke at an earlier age than women. Since
these features of smoking may modify the effect of smoking on lung cancer, their effects
have to be adjusted for when comparing the association between smoking and lung
cancer in men and women.

Summar y

In  th is ch apter, you  h ave learn ed about th e key features of coh ort  studies. You
sh ould  n ow be able to describe th e features of a coh ort  study, d iscuss th e poten tial
sources of bias in  th is type of study, an d un derstan d its stren gth s an d lim itat ion s.

In  th e n ext  ch apter, we will look at  case–con trol studies.
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7 Case–cont rol studies

Over view

An oth er type of an alytical observation al ep idem iological study is th e case–con trol
study. Case–con trol studies, first  developed in  th e early 1950s, avoid  som e of th e
disadvan tages of coh ort  studies, part icu larly th e len gth  of t im e th at  th ey take to
com plete an d, in  th e case of a rare d isease, th e n eed for a large study populat ion .

Learning object ives

After  working through this chapter, you will be bet ter  able to:

• descr ibe the pr incipal design features of case–cont rol studies
• explain their  st rengths and weaknesses
• recognize the impor tance of clear ly defining cases and cont rols
• descr ibe the major  sources of bias of case–cont rol studies
• descr ibe the basic analyt ical approaches commonly used.

Key terms

Cases In dividuals in  a population  wh o h ave th e ou tcom e of in terest  (e.g. d isease, h ealth
disorder, or even t such  as h eart  at tack or death ). Case defin it ion  sh ould  in clude clearly defin ed
in clusion  an d exclusion  criteria.

Con t ro ls In dividuals wh o do n ot  h ave th e ou tcom e of in terest , an d used as th e com parison
group in  an alytical studies.

Study design

In  case–con trol studies, th e study group is defin ed by th e ou tcom e an d n ot by
exposure. Two or m ore groups are selected  on  th e basis of wh eth er th ey do (cases)
or do n ot (con trols) h ave th e d isease or oth er ou tcom e un der study at  th e beginning
of th e study. Th e cases are th en  com pared with  con trols to assess wh eth er th ey are
differen t  in  term s of th eir h istorical exposure to part icu lar risk factors.

On e of th e advan tages of case–con trol studies is th at  th ey can  be used to study
diseases or ou tcom es th at  are rare. Sin ce part icipan ts are selected  on  th eir
d isease status, th e m in im um  n um ber of cases an d con trols requ ired  can  be
establish ed before th e study begin s. A coh ort  study would  requ ire th e follow-up of
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proh ibit ively large n um bers of in dividuals to en sure th at  en ough  part icipan ts
develop  th e ou tcom e. An oth er advan tage is th at  case–con trol studies can  be m ore
efficien t  th an  coh ort  studies wh en  th ere is a lon g period of t im e between  th e
exposure an d disease (laten cy period), as in  ch ron ic d iseases (e.g. can cer). Th is is
because in form ation  on  th e exposure an d ou tcom e status is already presen t  at  th e
start  of th e study an d does n ot  en tail a lon g period of follow-up. Case–con trol
studies can  also in vestigate th e associat ion  between  th e d isease an d m ult ip le
exposures as th e patien ts are iden tified with  th e d isease an d th en  followed back in
tim e for details of previous exposures. Im provem en ts in  tech n iques m ean  th at
case–con trol studies are also bein g used to study in fectious d iseases an d in juries.

On e of th e problem s with  case–con trol studies is th at  both  th e exposure an d th e
disease h ave occurred  by th e t im e th e patien t  is recru ited  in to th e study (part ici-
pan ts are selected  on  th e basis of th eir d isease status). Th is m akes case–con trol
studies susceptible to select ion  bias (if cases an d con trols are selected  d ifferen tially
on  th e basis of th eir exposure status an d because th ere m ay be d ifferen ces in
report in g of exposure status between  cases an d con trols).

Hypot he sis

Th e defin it ion  of th e h ypoth esis, or research  question  to be an swered, is probably
m ore im portan t  in  th is type of study th an  in  an y oth er, sin ce th e selection  of study
part icipan ts depen ds so closely on  th e question  th at  th e in vestigators wan t
to an swer. As part icipan ts are selected  on  th e basis of th eir ou tcom e an d will be
com pared by th eir exposure, it  is im portan t  th at  th e part icipan ts represen t  th e
exposure prevalen ce of th e gen eral population  an d th at  th e study is n ot  biased by
th e selection  of cases an d con trols bein g influen ced by th eir exposure (selection
bias).

Se lec tio n of  ca se s

Case definit ion

It  is im portan t  in  case–con trol studies to obtain  a precise defin it ion  of a case. Th e
criteria used m igh t be based on  laboratory data, for exam ple, biopsy sam ples, or
m igh t depen d on  clin ical d iagn osis of th e d isease. Such  in clusion  an d exclusion
criteria m ust  be clearly stated  before th e study is carried  ou t  to en sure th at  th e
practice of iden tifyin g cases is kept  un iform  th rough out th e study.

Prevalent and incident cases

On e im portan t  issue to con sider wh en  design in g a study is wh eth er both  in ciden t
an d prevalen t  cases sh ould  be in cluded. In clusion  of prevalen t  cases m ay m ean
th at  th e study is m ore generalizable to th e stan dard  population , as th e prevalen t
cases reflect  a proportion  of cases in  th e populat ion . However, prevalen t  cases m ay
differ from  in ciden t cases in  ways th at  m ay reduce th e validity of th e study.

In clusion  of prevalen t  cases, especially people wh o h ave h ad th e d isease for a lon g
period of t im e, m ay pose problem s in  term s of determ in in g th eir exposure to
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certain  risk factors, sin ce it  is possible th at  th ey m ay h ave ch an ged th eir exposure
h abits as a resu lt  of th e d isease (e.g. th eir d iet  or exercise regim e). In vestigators
sh ould  take precau tion s to m ake sure th at  un biased data on  exposures are collected
(observer bias).

In clusion  of prevalen t  cases m ay also lead  to an  un derrepresen tat ion  of m ore
severe cases of th e d isease. Th is is because patien ts with  rap idly progressive d is-
ease m ay die very soon  after d iagn osis an d be less likely to be selected  for th e
study. Th is in  tu rn  m ay affect  th e exposures th at  are un der study, sin ce an y risk
factors associated  with  lon ger survival will also becom e lin ked with  th e d isease
outcom e, even  if th ey m igh t be protective again st  th e developm en t of severe
disease.

Source

An oth er im portan t  con sideration  is th e source of cases. If a d isease is part icu larly
severe, it  m ay m ean  th at  cases are on ly foun d in  h ospitals. Altern atively, cases m ay
be selected  from  th e gen eral population  th rough  disease n otification  processes – for
in stan ce, public h ealth  records of food poison in g or n otifiable d iseases such  as
h epatit is – or th rough  fam ily practit ion ers’ records. Population -based studies are
often  easier to in terpret  because con trols can  be selected  from  th e sam e population ,
with  less dan ger of selectin g on  possible exposure status. However, th ey can  be
m ore d ifficu lt  to carry ou t  th an  a h ospital-based study.

Ult im ately, it  is im portan t  to en sure th at  th e cases selected  for a study are tru ly
represen tative of all cases in  th e population  un der study. Failu re to do so m ay resu lt
in  select ion  bias. Th e followin g factors m ay cause selection  bias in  th e selection  of
cases:

• patien t  survival – if th e d isease is fatal, it  is im portan t  to en sure th at  patien ts
wh o h ave d ied  are in cluded

• referrals to specialist  h ospitals – if th e d isease is rare or un usual, it  is im portan t  to
m ake sure th at  all location s of patien ts are iden tified

• refusals – patien ts wh o refuse to take part  in  th e study m ay differ in  som e crucial
way from  th ose wh o agree to take part  in  th e study.

Se lec tio n of  co nt rol s

Inclusion criteria

Selection  of su itable con trols is probably th e m ost  d ifficu lt  part  of design in g a
case–con trol study. Con trols sh ould  m eet  all th e criteria for cases, except for th e
disease itself. For exam ple, if th e cases are m en  aged 40–65 years with  lun g can cer,
th e con trols m ust  be selected  from  m en  of th at age group wh o do n ot  h ave lun g
can cer.

Source

Th e source of con trols depen ds on  th e source of cases. If th e cases were selected
from  th e gen eral population , th en  th e con trols sh ould  be ran dom ly selected  from
th is population  durin g th e sam e t im e period. However, it  is less clear wh at to do if



Case–control studies 77

th e cases were selected  from  a h ospital set t in g, an d th is will depen d on  th e d isease
or con dit ion  th at  is un der study. If all people wh o con tract  a part icu lar d isease en d
up in  h ospital, an d th ere is n o oth er selection  process in volved in  th e cases reach -
in g h ospital oth er th an  th e d isease an d th e exposures un der con sideration , th en
con trols can  be selected  from  th e gen eral population .

If th ere is a select ion  process in volved, th en  it  m ay be m ore appropriate to recru it
con trols from  am on g oth er h ospital patien ts, as lon g as th eir selection  is n ot  th en
biased in  term s of th e exposure of in terest . For exam ple, we m ay wan t to in vest igate
risk factors for liver cirrh osis. If we suspect  h eavy alcoh ol use to be a m ajor risk
factor an d select  cases from  h ospital records, we m ay h ave problem s if our h ospital-
based con trols in clude a large proportion  of people adm itted  to h ospital for
traum a, sin ce people adm itted  for th is reason  are kn own  to be m ore likely to be
h eavy users of alcoh ol th an  th e gen eral population .

Matching

On e way to select  su itable con trols is to m atch  a sm all group (usually four or fewer
people) to each  case on  th e basis of certain  factors th at  m igh t be related  to th e
disease an d th e exposure. Th is is kn own  as individual matching. Factors such  as age
an d sex are usually ch osen , an d oth er factors such  social status, or p lace of resi-
den ce (as a proxy for socioecon om ic status) m ay also be used, depen din g on  th e
aim  of th e study. However, it  is im portan t  n ot  to select  too m an y ch aracterist ics on
wh ich  to m atch , or to select  factors th at m igh t be very closely associated  with
exposure status, sin ce an y factors th at  are used for m atch in g can n ot th en  be
in cluded in  th e an alysis. Match in g m ay also m ake th e study m ore t im e-con sum in g
an d m ore expen sive to carry ou t .

An  altern ative to in dividual m atch in g is group matching (or frequen cy m atch in g), in
wh ich  th e con trol group is selected  so th at  it  is sim ilar to th e cases with  respect  to
th e m atch ed variable. For exam ple, if we group-m atch ed by sex an d our cases were
60% fem ale, we would  en sure th at  th e con trols were also 60% fem ale. However, in  a
m atch ed study, we h ave to be carefu l to avoid  overmatching. Th is occurs wh en  th e
m atch in g variable is closely related  to th e exposure variable, bu t  is n ot  related  to
th e ou tcom e.

Cohort studies

Cases th at  arise durin g a coh ort  study can  be used as th e basis for a nested case–
control study. In  th is design , un affected  m em bers of th e coh ort  are used as con trols,
an d are th ereby au tom atically m atch ed on  factors com m on  to all coh ort  m em bers.
For in stan ce, in  an  occupation al coh ort  study, cases an d con trols will be m atch ed
on  em ploym en t status sim ply by virtue of bein g in  th at  coh ort . Th is form  of study
design  also m ean s th at  n ew h ypoth eses can  be tested  m ore easily, sin ce data on
exposures is likely to h ave already been  collected , wh ich  in  tu rn  will also save t im e
an d m on ey.
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Measu ri ng  exp os ures

Sin ce case–con trol studies start  with  assessm en t of th e ou tcom e, collection  of
in form ation  on  exposures is alm ost  always retrospective. In  th is way, case–con trol
studies are often  very like cross-section al studies in  th e way in  wh ich  data are
collected , especially sin ce data on  ou tcom es an d exposure are often  collected
sim ultan eously.

Exposure data can  be gath ered in  m an y differen t  ways, in cludin g by in terview
(face-to-face, teleph on e, postal, or even  e-m ail), from  records (m edical, work, or
oth er sources), or by takin g biological sam ples. Ideally, som eon e wh o does n ot
kn ow wh eth er th e study part icipan t is a case or con trol sh ould  collect  in form ation
on  exposure, alth ough  in  practice th is is d ifficu lt  to ach ieve. In  an y case, th e pro-
cedure by wh ich  in form ation  is collected  sh ould  be iden tical for cases an d con trols
to avoid  bias (in  th is case, observer bias).

An oth er form  of bias com m on  wh en  obtain in g in form ation  about exposures is
reporting bias (th is is som etim es referred  to as responder bias; take care n ot  to con fuse
th is with  respon se/n on -respon se bias, wh ich  is th e failu re of part icipan ts to
respon d to question n aires an d is a form  of selection  bias). Reportin g bias occurs
wh en  kn owledge of bein g a case (or con trol) affects wh eth er th e in dividual
rem em bers a certain  even t or exposure (also kn own  as recall bias). For exam ple,
cases m ay be m ore likely to rem em ber even ts th at  occurred  at  aroun d th e t im e th ey
were d iagn osed with  d isease or un derwen t a traum atic even t . Con trols m ay th ere-
fore be less likely to rem em ber an  even t because by defin it ion  th ey h ave n o d isease
even t to lin k it  to.

Temporal bias (also kn own  as reverse causality) m ay also be in volved in  th e collection
of exposure data. In  establish in g an y causal lin k between  exposure an d ou tcom e,
th e in vestigator m ust  be sure th at  an y risk factor occurred  well before an  in dividual
was d iagn osed with  d isease. Because case–con trol studies often  rely on  th e retro-
spective collection  of data on ce cases h ave been  iden tified, th ere is a ch an ce th at
th e d isease caused th e exposure to occur before sym ptom s of d isease were iden ti-
fied. Th is m ay also be a problem  with  in fectious d iseases with  a lon g in cubation
period (e.g. HIV). Th is was also m en tion ed above in  relat ion  to th e in clusion  of
prevalen t  d isease am on gst  cases.

A n ested  case–con trol design  m ay h elp  to overcom e m ost  of th e biases ou tlin ed
above. Th e m ain  advan tage of th is sort  of study is th at  in form ation  on  exposures is
likely to h ave been  collected  at  th e start  of th e study (at  baselin e), before cases h ad
been  diagn osed. Th is m ean s th at  it  is easier to establish  a causal lin k between
exposure an d ou tcom e. It  also m ean s th at  recall an d observer bias are less likely
to occur.

Analys is an d int er pret at io n

Data  an alys is

Un like coh ort  studies, case–con trol studies can n ot d irectly est im ate th e in ciden ce
of d isease in  exposed an d un exposed in dividuals, because study part icipan ts are
selected  on  th e basis of th eir d isease status an d n ot  on  th e basis of th eir exposure.



Case–control studies 79

Th is m ean s th at  th e ou tcom e m easure of a case–con trol study is th e odds ratio of
exposure (see Ch apter 3), wh ich  is th e odds of exposure in  th e cases d ivided by th e
odds of exposure in  th e con trols. If th e d isease is rare an d th e exposure reason ably
com m on , th is m easure is approxim ately equal to th e risk rat io.

If th e study is m atch ed, th en  a m ore com plicated  an alysis n eeds to be perform ed
th at  takes accoun t of th e m atch in g. In  th is type of an alysis, on ly th e m atch ed
groups th at  provide usefu l in form ation  (i.e. a case–con trol pair wh ere eith er
th e case is exposed an d th e con trol un exposed, or th e case is un exposed an d th e
con trol exposed) are com pared to give an  odds rat io of exposure.

In te rp ret at io n

Even  if an  associat ion  between  exposure an d ou tcom e is foun d, th e in vestigator
st ill h as to con sider wh eth er th e resu lt  cou ld  h ave arisen  by ch an ce, or wh eth er it
was th e resu lt  of bias or con foun din g.

Bias

As we h ave seen  above, case–con trol studies are part icu larly pron e to bias, an d th is
sh ould  always be con sidered as an  explan ation  for th e fin din gs of a study. In vest i-
gators th erefore n eed to take care to en sure th at  cases an d con trols are com parable,
an d to lim it  th e effects of selection  bias, in form ation  bias (observer an d report in g
bias) an d tem poral bias.

Confounding

A con foun der is a factor th at  is associated  with  both  th e exposure an d th e ou tcom e,
bu t is n ot  on  th e causal path way between  th em . You learn ed a lit t le about
con foun din g in  Ch apter 2 wh en  you  calcu lated  stan dardized m ortality rat ios. Con -
foun din g is a problem  wh en  cases an d con trols d iffer with  respect  to th e poten tial
con foun din g variable. Th is can  eith er be dealt  with  at  th e design  stage, by m atch -
in g, or at  th e an alysis stage, by adjustin g th e an alysis for th e con foun ders usin g
stat ist ical tech n iques.

St ren gt hs an d wea kn es se s

Th e m ain  advan tage of case–con trol studies is th at  th ey can  be carried  ou t  m ore
quickly an d ch eaply th an  coh ort  studies. Case–con trol studies are also usefu l for
studyin g rare d iseases. If th e d isease is rare an d th e exposure is com m on , th e odds
ratio provided will be a good approxim ation  to th e risk rat io. Th ey can  be used to
study diseases with  lon g laten t  periods, an d can  also be used to study m ult ip le
exposures.

However, case–con trol studies are pron e to bias. Selection  bias can  occur part icu-
larly in  th e selection  of con trols, an d in form ation  bias in  th e determ in ation  of
exposures. Th ey are also poor at  establish in g causal associat ion s because data on
exposure an d ou tcom e are usually recorded sim ultan eously. Because case–con trol
studies start  with  th e selection  of cases, th ey are n ot  su itable for studyin g rare
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exposures, un less th ey form  part  of a coh ort  study (n ested  case–con trol study).
Case–con trol studies can n ot be used to est im ate d isease in ciden ce or prevalen ce.

Activ ity  7. 1

The activities in this chapter relate to a review of epidemiological studies of the
association between alcohol consumption and breast cancer. The review identified 27
case–control studies, 8 cohort studies and 5 ecological studies that had been carried
out on this issue between 1977 and 1992 (Rosenberg et al. 1993).

Why do you think more investigators preferred the case–control study design over the
other designs?

Fee db ac k

Since the outcome variable (breast cancer) has a long latent period and is relatively
uncommon, the case–control design is more appropriate than the cohort design,
because the latter would need more resources and time. Furthermore, breast cancer is
known to be associated with several risk factors and the case–control design allows
you to investigate multiple risk factors. An ecological study may be used initially to
generate the research question by indicating a possible link between breast cancer and
alcohol, but it would not be able to establish a causal link.

Activ ity  7. 2

It is now well accepted that early age at menarche, late age at menopause, nulliparity
(never having had a live or still birth), and late age at first birth are risk factors for breast
cancer in women. Among the 27 case–control studies that have been carried out to
investigate the possible association between breast cancer and alcohol consumption,
some have found a statistically significant association between alcohol consumption and
an increased risk of breast cancer in women, whereas others have found no association
or have been inconclusive.

One of the studies included in the review investigated the relation between alcohol and
breast cancer in women in northern Europe. Between January 1989 and December
1990, 161 women aged under 75 years were treated for newly diagnosed, histologically
confirmed breast cancer at four hospitals in the area. Of these women, 29 could not be
interviewed: 10 because the patient refused, 10 because their consultant refused, and 9
because the patient was too ill to be interviewed. The remaining 132 women were
interviewed as inpatients within 6 months of diagnosis by one of six interviewers. At
the start of the study, the investigators decided to recruit four times as many controls
as cases, and selected as controls 528 women who were attending the same hospital for
other conditions.

Data on socioeconomic characteristics, medical, reproductive and menstrual history,
and other potential risk factors for breast cancer were collected using a structured
questionnaire. The questionnaire also included detailed questions on smoking and
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drinking. The interviewers were aware of the hypothesis, and which women were cases
and which were controls.

In this study, the controls were not individually matched to the cases, although
the investigators decided to ensure that the age distribution of the controls was
approximately the same as that of the cases by the end of the study. The data were
analysed using an unmatched approach, by comparing the odds of exposure to alcohol
consumption between cases and controls, and then adjusting for the effect of potential
confounding factors.

1 Why do you think that cases in the study were restricted to:

a) women who had been diagnosed with breast cancer in the 6 months before the
interview, and

b) women who were inpatients?

2 If you were designing the questionnaire for this study, what information on alcohol
consumption would you ask for? Are there any other questions you would have
considered it necessary to ask?

3 If you had been one of the investigators on the study, what source would you have
used for your controls, and what would your inclusion and exclusion criteria have
been?

4 Would you have matched the controls to cases, and if so, what would your matching
variables have been?

5 How might the interviewers’ awareness of the hypothesis and the identity of the
cases and controls have biased the study? Explain how the study could have been
designed to minimize this bias.

Fee db ac k

Your answers to the questions should be along the following lines:

1 a) Women were interviewed within 6 months of diagnosis, so that only incident
cases of breast cancer were included in the study. As you will have read above, it is
important to decide in the design of a study whether to include incident or
prevalent cases. Inclusion of prevalent cases may lead to bias if those women have
changed their behaviour and therefore their exposure to risk factors as a result of
their disease, and this is picked up by the questionnaire. Restricting the study to
incident cases also ensures that severe cases are not underrepresented.

b) The important consideration here is whether the cases are representative of all
cases in the general population. Although selection of population-based cases may
result in a study that is less prone to bias, the logistics and costs involved may make
it easier to identify cases in a hospital setting, particularly cases of a rare disease
such as cancer. There is then the consideration of whether those with the disease
under investigation are likely to be admitted to hospital. Women with breast
cancer are almost certain to be referred or admitted to hospital once diagnosed,
so selection of hospital-based cases is appropriate in this study.
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2 In designing a questionnaire, you would need to consider what information is needed,
and how you would ask the questions to overcome any potential problems that might
lead to measurement and recall bias. It is well known, for example, that people tend to
underreport their alcohol consumption.

You may consider collecting the following information related to alcohol consumption:

• whether the participant is a current, past, or never drinker
• what type of alcohol they consume (e.g. beer, wine, spirits)
• what quantity of alcohol they consume (e.g. number of drinks per day)
• how long an average drinking session might last (e.g. number of hours per day)
• how often they drink (e.g. number of days per week)
• what age they started drinking, and what age when they stopped drinking (if they

stopped).

Note that you may need to convert alcohol consumption into standard units so that
your results are comparable with other studies.

Other questions that you would need to ask are those that would give basic
demographic information about the participants: for example, date of birth, education
and occupation. You would also need to ask about possible confounders: for example,
smoking and known risk factors for breast cancer (age at menarche, age at menopause,
number of pregnancies, and age at first birth).

3 As noted in the text, selection of controls is a complicated issue. In general, investiga-
tors find it convenient to select controls in the same setting in which they selected the
cases, and in this study the investigators have indeed selected controls from among
hospital patients. However, it is important that the study is not then biased by selecting
controls that are more similar to the cases in terms of their exposure than they would
have been if selected from the general population. In a hospital setting, there is the risk
that inclusion of trauma patients or those with chronic liver disease in the controls may
increase the proportion of those with exposure to excessive alcohol use compared
with the general population, since this may then lead to an underestimation of the effect
of this exposure in cases. Some hospital-based studies use two control groups, one
from a hospital setting and the other from the population. Then if the selection of
controls within the hospital setting is carried out without bias, the results should not
differ depending on which control group was used in the data analysis. However, if the
results do differ between the control groups, interpretation can be a problem.

Any exclusion criteria that apply to cases should also apply to controls: for example,
women aged over 74 years, and women with previous breast cancer. You may also
consider excluding patients who are admitted to hospital with alcohol-related diseases,
and diseases related to known risk factors for breast cancer (e.g. gynaecological dis-
eases). Many case–control studies of a specific cancer also exclude controls with any
sort of cancer. In hospital-based studies, it is important to include controls with a range
of different diseases so that no one disease is unduly represented.

4 You might want to match on age. The investigators made sure that the cases and
controls at least had a similar age distribution by checking that the average age was
similar in both groups. You could also match on known risk factors for breast cancer
(e.g. parity). However, this can be difficult, and there is the need to be careful not to
overmatch (i.e. match on alcohol status by mistake).
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5 The investigators’ knowledge of the hypothesis might lead to observer bias. This is
because the investigators may be more inclined to ask more probing questions about
alcohol use if they are aware of whether the participant was a case. This type of bias can
be minimized by:

• blinding the interviewers to the hypothesis
• blinding the interviewers to the identity of the cases and controls, although this is

often very difficult
• using a small number of interviewers to prevent too much variation between

observers
• using standard questionnaires if possible
• ensuring that the interviewers are rigorously trained.

Activ ity  7. 3

The distribution of potential confounding factors is given in Table 7.1.

1 Comment on the distribution of these variables. Think about whether you might
need to adjust for their effect on breast cancer while estimating the effect of alcohol
consumption.

The odds of exposure to number of drinks per day among cases and controls observed
in this study are given in Table 7.2.

2 Complete the table by calculating the odds ratios, using the ‘none’ category as the
reference, and comment on the results. Suggest what further analysis you would do.
(We suggest you complete your answers to this question before looking at the next
question.)

Table  7.1 Distribution of potential confounding variables among cases and controls

Number (%)

Confounding variables Cases Controls

Age (years)
<45 28 (21%) 109 (21%)
45–64 72 (54%) 274 (52%)
65+ 32 (24%) 145 (27%)

Occupation
professional 16 (12%) 42 (8%)
clerical/manual worker 50 (38%) 285 (54%)*
housewife 66 (50%) 201 (38%)*

Parity
never had a delivery 19 (14%) 55 (10%)
had at least one delivery 113 (86%) 437 (90%)

Age at first birth (years)
< 22 29 (26%) 162 (34%)*
22+ 84 (74%) 311 (64%)*

* P< 0.05, indicating a significant difference between cases and controls.

Source: data from Rosenberg et al. (1993)
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The unadjusted and adjusted odds ratios for alcohol consumption in cases compared
with controls are given in Table 7.3. The unadjusted odds ratios are the crude odds
ratios you calculated in Question 2. The adjusted odds ratio have been calculated by
taking into account the differences in distribution of potential confounding variables
between cases and controls (see Table 7.1).

3 Comment on these results.

Fee db ac k

Your answers to the questions should be along the following lines:

1 There is a statistically significant difference in the distribution of occupation and age
at first birth between cases and controls. At the same time, although not statistically
significant, the proportion of cases who have never had a delivery is higher among cases
(14%) than among controls (10%). There is no significant difference in the distribution
of age groups between cases and controls. Since all these factors are known to be
associated with breast cancer, their effect on breast cancer should be controlled for
when estimating the effect of alcohol consumption on breast cancer. It is reasonable to
argue that the effect of age and parity need not be controlled since the distribution of
these variables did not differ between cases and controls. However, since there are
slight differences and this can lead to residual confounding, it is appropriate to control
for their effect.

Table  7.2 Odds of exposure to alcohol among cases and controls

Number of drinks per day Cases Controls Odds ratio

None 17 81 1.00
1 30 134
2 45 163
3+ 40 130

Source: data from Rosenberg et al. (1993)

Table  7.3 Odds ratios of alcohol consumption in cases compared to controls

Unadjusted Adjusted*

Number of drinks per day Cases Controls
Odds
ratio

95%
confidence
interval

Odds
ratio

95%
confidence
interval

None 17 81 1.00 1.00
1 30 134 1.07 0.53–2.17 1.00 0.50–2.31
2 45 163 1.32 0.68–2.56 1.20 0.60–2.73
3+ 40 130 1.47 0.75–2.90 1.41 0.71–3.00

* Adjusted for the effects of age, occupation, parity, age at first birth.

Source: data from Rosenberg et al. (1993)
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2 Your completed table should look like Table 7.4. The odds of exposure to alcohol
seem to be higher among the cases than the controls. The odds ratio of alcohol
consumption shows an increasing trend with increasing number of drinks per day.
However, it is not appropriate to conclude that alcohol consumption is associated with
breast cancer without considering the role of chance, bias and confounding (see Chap-
ter 9 for more on chance, bias and confounding). The role of chance can be assessed by
appropriate statistical tests. The effects of the potential confounding factors can be
adjusted by stratified analysis.

3 The odds of alcohol consumption are slightly higher among the cases than the
controls. However, this association is not statistically significant – the confidence inter-
vals for the odds ratios range from less than 1 to greater than 1. Although the magni-
tude of odds ratios decreased when adjusted for the effect of the potential confounding
factors, the increasing trend in odds ratios for increasing number of drinks persisted.
However, the observed association between alcohol consumption and breast cancer is
rather weak, and the role of chance and confounding by other factors (such as dietary
habits and smoking) that were not controlled for cannot be excluded.

Summar y

In  th is ch apter you  h ave learn ed about th e key features of case–con trol studies. You
sh ould  n ow be able to describe th e features of a case–con trol study, un derstan d th e
im portan ce of th e selection  of cases an d con trols, d iscuss th e poten tial sources of
bias, an d un derstan d th e stren gth s an d lim itat ion s of th is sort  of study.

In  th e n ext  ch apter, you  will look at  in terven tion  studies.
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Table  7.4 Odds of exposure to alcohol among cases and controls

Number of drinks per day Cases Controls Odds ratio

None 17 81 1.00
1 30 134 1.07
2 45 163 1.32
3+ 40 130 1.47

Source: data from Rosenberg et al. (1993)
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Over view

All th e study types you  h ave learn ed about so far h ave been  passive an d obser-
vation al in  n ature. In terven tion  studies d iffer because th ey are design ed to evaluate
th e effect  of a specific th erapy or public h ealth  practice in  a well-defin ed popula-
t ion . In  effect , th ey are ep idem iological experim en ts.

Learning object ives

After  working through this session, you will be bet ter  able to:

• descr ibe the main design features and t ypes of inter vent ion studies
• decide when it  would and would not  be appropr iate to use an inter vent ion

study
• explain the st rengths and weaknesses of t his study design
• understand the ways in which inter vent ion studies can be designed to

maxim ize their  usefulness and validit y
• descr ibe the basic analyt ical approaches commonly used
• discuss the ethical issues concerning inter vent ion studies.

Key terms

Ran d om iza t ion  Meth od of allocatin g in dividuals (or groups of in dividuals) to on e of
two or m ore in terven tion  groups th at  is based on  ch an ce so th at  th e in dividuals h ave
th e sam e probability of bein g allocated  to eith er th e ‘experim en tal’ group (e.g. th e n ew
treatm en t or drug bein g assessed) or th e ‘con trol’ group (e.g. n orm al curren t  practice,
n o treatm en t).

W hat  is an inter vent ion study?

In terven tion  studies are design ed so th at  th e effect  of a specific th erapy or public
h ealth  practice can  be evaluated  in  a well-defin ed populat ion . In  effect  th ey are
epidem iological experim en ts because, un like th e oth er sorts of studies we h ave
looked at  so far, th e part icipan ts of th e study are actively allocated  treatm en ts by
th e in vestigators. In  all th e oth er study types you  h ave learn ed about in  previous
ch apters th e in vestigator gen erally h as n o influen ce on  th e type of treatm en t a
patien t  is given , so is observation al in  th is respect .
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In terven tion  studies can  be used to test  n ew drugs or vaccin es, to evaluate preven -
t ion  strategies, an d to test  h ealth  education  m eth ods, t rain in g procedures or oth er
public h ealth  program m es. Care n eeds to be taken  in  th eir design  to en sure th at
an y fin din gs are un am biguous, an d th at  resu lts can  be broadly applied  in  a ch osen
populat ion .

Types of inter vent ion study

Th ere are two m ain  types of in terven tion  study, th erapeu tic studies an d preven tive
studies. Therapeutic studies are design ed to test  th e effect  of th erapies, wh ich  could
be n ew drugs, surgery or vaccin es, in  people wh o already h ave a part icu lar d isease.
Th ese studies are also referred  to as clinical trials. Preventive studies design ed to
evaluate preven tion  strategies, on  th e oth er h an d, are carried  ou t  on  people wh o do
n ot n ecessarily h ave a part icu lar d isease bu t  are con sidered ‘at  risk’. Th ese studies
are also referred  to as field trials, an d m ay take th e form  of a trial to test  h ealth
education  m eth ods, t rain in g procedures or oth er public h ealth  program m es.

Studies to test  n ew drugs or surgical procedures are con ducted in  four ph ases. Ph ase
1 studies in troduce a n ew drug to h um an s (usually h ealth y volun teers) to deter-
m in e h ow a drug sh ould  be adm in istered  (e.g. by m outh , in ject ion  in to th e blood,
or in ject ion  in to th e m uscle). Th ey also review side effects, safety an d th e dosage of
th e drug, an d are usually on ly carried  ou t  on a sm all n um bers of people. Ph ase 2
studies con tin ue to evaluate efficacy an d safety in  selected  populat ion s of about
100–300 patien ts wh o h ave th e d isease or con dit ion  to be treated , d iagn osed, or
preven ted . Part icipan ts ten d to be h ospitalized  patien ts wh o can  be closely m on i-
tored . Th e focus is on  dose–respon se relat ion sh ips, type of patien t , frequen cy of
dosin g, or an y of a n um ber of oth er issues in volved in  safety an d efficacy. Ph ase 2a
studies are p ilot  clin ical t rials an d Ph ase 2b studies are well con trolled  trials. Ph ase 3
of a clin ical t rial is an  in terven tion  study to test  a n ew drug, a n ew com bin ation
of drugs, or a n ew surgical procedure in  com parison  to th e curren t  stan dard . Th ese
are often  large studies an d part icipan ts are assign ed to th e treatm en t groups
by ran dom ization . Fin ally, ph ase 4 studies are post-m arketin g studies to delin eate
addit ion al in form ation  in cludin g th e drug’s risks, ben efits an d optim al use.

In terven tion  studies can also be carried  ou t  on  in dividuals or groups (clusters such
as GP practices). In  th is ch apter, we will m ain ly look at  in dividual-level studies.

Study design

In terven tion  studies are gen erally t im e-con sum in g an d costly. Th ey cost  m ore th an
observation  studies as th ey n orm ally requ ire dedicated  staff to coordin ate th em
(person n el to evaluate an d recru it  pat ien ts, carry ou t  follow-up, etc.). It  is even
m ore im portan t  to clearly defin e th e research  question  to be an swered an d to est i-
m ate h ow great  an  effect  m ust  be observed for th e in terven tion  to be deem ed
successfu l. It  is n ot  always possible, desirable, or eth ical to carry ou t  an  in terven tion
study an d n ot all h ealth  care in terven tion s can  be assessed in  th is way. Th ere m ust
be sufficien t  doubt about th e ben efits an d risks of a n ew in terven tion  com pared
with  th e usual or n o treatm en t for it  to be con sidered eth ical to allocate part ici-
pan ts to on e or oth er group. Th is im portan t  con sideration  is a question  of clin ical
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equipoise. An oth er m ajor con siderat ion  for an  in terven tion  study is th e sam ple
size requ ired .

Select ion of study populat ion

As with  oth er types of study, th e study or experimental population sh ould  be repre-
sen tat ive of th e people wh o will u lt im ately receive th e ben efits of th e in terven tion
un der trial. Th e experim en tal group will be drawn  from  a reference population,
wh ich  m ay be lim ited  in  term s of age, sex, eth n ic backgroun d, etc. As d iscussed
previously, th ere is a trade-off between  a study’s valid ity an d gen eralizability. Th e
prim ary aim  of a study is to produce a valid  resu lt , bu t  in terven tion  studies are
often  crit icized for th eir lack of gen eralizability. For exam ple, drug trials m ay be
con ducted  on  Caucasian  m en  between  18 an d 40 years of age, wh ereas th e resu lts
are often  gen eralized  to a wider population  in cludin g, for exam ple, wom en  an d
th ose over 40 years old .

Allocat ion of t reatment  regimens

In  an y in terven tion  study, th e in vest igators will allocate th e part icipan ts eith er to
th e in terven tion  group, wh ich  will receive th e th erapy or preven tive act ion  un der
study, or to th e con trol group, wh ich  will receive th e usual or n o treatm en t. Th e
two groups are th en  com pared on  ou tcom e of in terest . To avoid an y un derlyin g
differen ces between  th e two groups affectin g th e ou tcom e, it  is im portan t  th at  th e
groups are sim ilar in  all oth er respects.

To en sure th at  bias is n ot  in troduced in to th ese types of studies, certain  safeguards
h ave been  developed. Th e ‘gold  stan dard’ of in terven tion  studies is th e randomized
double-blind placebo-controlled trial. In  th is type of study, bias is reduced in  th e
followin g ways:

• Selection  bias is reduced by select in g part icipan ts th rough  ran dom ization  so
th at  th ey h ave an  equal ch an ce of receivin g th e in terven tion .

• Measurem en t or report in g bias is reduced by a process called  blinding, wh ich
avoids th e in vest igators or th e study part icipan ts fin din g ou t wh ich  treatm en t
th ey h ave been  allocated , sin ce th is can  affect  h ow th ey beh ave in  th e trial, an d
h ow patien t  ou tcom es are assessed.

• By en surin g th at  th e con trol group is as sim ilar to th e in terven tion  group as
possible. Th is is often  ach ieved by allocatin g th e use of th e usual or a dum m y
in terven tion  (or placebo), so en surin g th at  th e d ifferen ces between  th e groups
are due to th e in terven tion  itself an d n ot th e fact  th at  on e group is in  receip t  of
an  in terven tion .

In  order to avoid  selection bias wh en  allocatin g study part icipan ts to in terven tion
an d con trol groups, th e aim  is to en sure th at  th e groups are sim ilar to each  oth er
in  all respects, apart  from  th e receip t  of th e in terven tion . If th e allocation  process
h as been  perform ed properly, th e two groups sh ould  be very sim ilar in  term s of
all baselin e factors th at  m igh t be in cluded in  th e an alysis (age, sex, eth n ic
group, d isease grade, geograph ic location , etc.) an d h en ce sim ilar in  all kn own
con foun din g ch aracterist ics.
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It  is very im portan t  th at  th ose respon sible for recru it in g people in to an  in terven -
t ion  study are un aware of th e group to wh ich  a part icipan t will be allocated . Th is
avoids both  con scious an d un con scious selection  of patien ts in to th e study. For
in stan ce, if an  in vest igator h as con trol over th e allocation  process, an d kn ows to
wh ich  treatm en t a patien t  is bein g assign ed, th ey m igh t be in clin ed to allocate
m ore seriously affected  patien ts to th e treatm en t an d less severely affected  patien ts
to th e con trol group. On e m eth od of ran dom ization  th at  is part icu larly pron e to
th is type of bias is systematic allocation, wh ere part icipan ts are allocated  to each
group altern ately or on  altern ate days, as it  is easy to guess th e allocation  sch edule.

It  sh ould  be n oted , h owever, th at  n ot  all in terven tion  studies are ran dom ized
con trolled  trials. Alth ough  ran dom ized con trolled  trials are con sidered th e gold
stan dard , th ey are n ot  always feasible or possible to con duct.

True randomization is th e on ly way to lim it  bias in  allocatin g a study in terven tion
an d sh ould  rely on  a m ech an ism  th at  is beyon d th e con trol of th e in vest igator or
th e part icipan t . Th is process sh ould  also be carried  ou t  on ce th e part icipan t h as
been  determ in ed eligible for in clusion  an d after th ey h ave con sen ted  to part icipate
in  th e trial.

Allocation concealment en sures th at  th ere can  be n o m an ipulat ion  on  th e part  of th e
in vestigators. For sin gle-cen tre trials, it  m ay be possible to use sealed  en velopes for
th e allocation  of patien ts, th at  are n ot  open ed un til a su itable part icipan t  h as given
con sen t  to be en tered  in to th e trial. For m ult icen tre clin ical trials, cen tral ran dom -
ization  by teleph on e, in teractive voice respon se system , fax or th e In tern et  is ideal
for allocation  con cealm en t. Th e clin ician  or data m an ager at  th e part icipatin g site
assesses eligibility, gain s con sen t , an d m akes th e decision  to en rol a patien t , th en
calls th e ran dom ization  service to get  th e treatm en t allocation . Cen tral ran dom iza-
t ion  also en ables trial coordin ators to m on itor ran dom ization  rates, an d to keep  a
record  of all allocated  patien ts for poten tial follow-up.

Th e sim plest  m eth od of ran dom ization  is by tossin g a coin  or usin g a com puter to
ran dom ly allocate patien ts to groups (ideally, th e patien t  an d th e in vestigator
sh ould  n ot  be aware wh ich  group h as th e in terven tion ). Th is is kn own  as blinding
or m askin g. However, th is m eth od can  resu lt  in  groups of d ifferen t  sizes – you  can
try th is for yourself by tossin g a coin  20 t im es.

It  is preferable th at  th e com parison  groups sh ould  be sim ilar in  size. On e way to
avoid  d ifferen t  sized  groups is to use blocked randomization, wh ereby th e allocation
list  en sures th at  for every ten  part icipan ts, for exam ple, five will be in  group A an d
five in  group B. Th e block sequen ce is th en  ran dom ly ch an ged each  t im e. Th e
in vestigator sh ould  n ot  kn ow th e block size, sin ce th ey m igh t be able to predict  th e
allocation  for th e last  few part icipan ts in  each  block.

Stratified randomization is an oth er m eth od used to h elp  balan ce groups. It  is used to
en sure th at  ch aracterist ics th at  are th ough t to be associated  with  th e ou tcom e or
respon se to th e in terven tion  are equally d istribu ted . For exam ple, if it  is kn own
th at  th e effectiven ess of an  in terven tion  m igh t be influen ced by age or sex, strat i-
fied ran dom ization  would  en sure th at  th ese ch aracterist ics are in  equal proport ion s
in  each  group.

On ce ran dom ization  h as been  com pleted , th e success of th e ran dom ization
procedure sh ould  be ch ecked by com parin g baselin e factors between  th e two
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groups to en sure th ey are sim ilar. If ran dom ization  is carried  ou t  correctly, it  is
likely th at  th e groups will be sim ilar in  term s of all kn own  an d un kn own  factors.

Efficacy and effect iveness

Wh en  design in g an  in terven tion  study, th e in vestigators n eed to decide wh eth er
th ey are in terested  in  th e efficacy or th e effectiven ess of th e in terven tion  un der
study.

Efficacy refers to th e effect  of th e in terven tion  un der trial con dit ion s, an d in  such  a
trial th e in vest igators would  determ in e th e m axim um  ben efit  th at  cou ld  be
ach ieved by th e in terven tion  un der ideal con dit ion s. Part icipan ts would  probably
be a h igh ly selected  group an d receive m ore m on itorin g an d m ore en couragem en t
to st ick to th eir allocated  treatm en t th an  m igh t occur in  clin ical p ractice.

In  an  effectiveness trial, th e aim  would  be to determ in e th e effect  of th e in terven tion
in  rou tin e clin ical practice. Th e in vestigators m igh t th erefore expect  th e in terven -
t ion  to appear less effective th an  in  an  efficacy trial, bu t  th e resu lts would  be m ore
gen eralizable to usual clin ical situation s an d would  provide a better est im ate of th e
im pact of th e in terven tion  wh en  adm in istered to th e gen eral population .

Other  t ypes of study design

We h ave m en tion ed th at  in terven tion  studies can  be carried  ou t  at  th e in dividual
or group level. An  exam ple of a group-level study would  be a cluster-randomized
trial, in  wh ich  groups of people, or even  en tire com m un it ies, are ran dom ly
assign ed to th e in terven tion  or con trol groups. Th is is usually don e if th e in terven -
t ion  h as an  effect  at  group level, or wh en  it  is n ot  feasible to ran dom ize in dividuals.
For exam ple, in  a study to assess an  in terven tion  th at  reduces air pollu tion , th e
in terven tion  would  n eed to be in troduced at  th e com m un ity level sin ce it  would  be
im possible to in troduce pollu t ion  con trols at  an  in dividual level.

An oth er exam ple would  be education al in terven tion  trials. It  m igh t n ot  be feasible
to allocate in terven tion s to in dividuals due to contamination between  th e in terven -
t ion  an d con trol groups (i.e. part icipan ts m ay sh are in form ation  wh ich  cou ld
dilu te th e true m easure of effect iven ess). For exam ple, in  a trial to assess th e
effectiven ess of h ealth  education  leaflets to prom ote h ealth y d iet  in  sch ool ch il-
dren , th e in vestigators m igh t ran dom ize at  th e sch ool level. If th ey h ad ran dom -
ized at  th e in dividual level, ch ildren  with in  a part icu lar sch ool m igh t sh ow th e
leaflets to frien ds in  th e con trol group, th us causin g con tam in ation  of th e con trol
group.

As with  an y study carried  ou t  at  th e group level, th e an alysis an d in terpretat ion
m ust reflect  th is. Cluster-ran dom ized con trolled  trials h ave to h ave larger sam ple
sizes to com pen sate for th e power lost  due to ran dom ization  at  a group rath er th an
an  in dividual level.
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Measu ri ng  th e ou tc ome

As m en tion ed above, m easurem en t (or report in g bias) can  be m in im ized by blin d-
in g trial in vest igators an d part icipan ts to th e allocated  treatm en t. If both  th e
in vestigator an d part icipan t are blin ded, th e study is referred  to as double-blind. If it
is eith er th e part icipan t or th e in vest igator th at  is blin ded, th e study is single-blind.

Som etim es it  is n ot  possible to keep  th e allocation  of th e in terven tion  h idden  from
th e part icipan t or th e in vestigator. For exam ple, if th e study is to com pare th e effect
of m osquito n ets versus an tim alarial tablets, th en  th e part icipan ts will kn ow wh ich
in terven tion  th ey are receivin g, alth ough  it  m igh t st ill be possible to keep  th e
allocation  of groups from  th e m icroscopists wh o an alyse th e blood sam ples. Alter-
n atively, in  a study to com pare d ifferen t  surgical t reatm en ts of in guin al h ern ia,
th e surgeon s will kn ow wh ich  in terven tion  th e patien ts received, bu t  it  m igh t  be
possible to keep  th e patien ts blin d as to th e exact  tech n ique used.

Placebos can  be used to h elp  th e blin din g process by m akin g th e in terven tion  an d
con trol groups as sim ilar as possible. Th e aim  of a p lacebo is to m ake sure th at  th e
patien t  does n ot  kn ow wh eth er th ey are receivin g treatm en t or n ot , sin ce it  is
kn own  th at  sim ply receivin g treatm en t can  h ave a psych ological effect  on  wh eth er
th e patien t  recovers, irrespective of wh eth er th e drug actually works. Th is works
best  wh en  th e in terven tion  is sim ply a p ill th at  can  be d isgu ised. However, pat ien ts
can  som etim es tell wh eth er th ey are receivin g th e in terven tion  drug because of th e
side effects th at  th ey experien ce. Som e soph ist icated  p lacebos can  even  m im ic th e
side effects of th e true drug, alth ough in vestigators always h ave to rem em ber th at
th ese side effects can  also m ean  th at  patien ts m ay wan t to stop  takin g th e treat-
m en t an d drop  ou t of th e trial. It  is n ot  th erefore always eth ical to use p lacebos. If
th ere is an oth er in ven tion  available again st  wh ich  th e n ew in terven tion  cou ld  be
com pared, th en  th e altern ative in terven tion  sh ould  be used as a com parison  in
place of a p lacebo.

Analys is

Th e m ain  effect  m easures derived from  in terven tion  studies are risk rat ios an d
rate rat ios. It  is also possible to calcu late th e at tribu table risk an d th e population
attribu table risk (see Ch apter 3).

Th e m ain  m eth od of an alysis of an  in terven tion  study sh ould  be by intention to
treat. Th is m ean s th at  th e an alysis sh ould  in clude resu lts from  all study part icipan ts
by th e groups to wh ich  th ey were allocated  at  th e start  of th e study, even  if th ey
swapped groups or subsequen tly dropped ou t  of th e study. Th is m eth od avoids
poten tial biases th at  can  arise from  differen t  levels of part icipation , an d also
because n on -part icipan ts are usually d ifferen t  from  th ose wh o com plete a study in
term s of th eir risk of side effects. It  also en sures th at  th e study is relevan t  to th e ‘real
world’, sin ce if on ly in dividuals wh o com plete th eir t reatm en t are in cluded in
th e an alysis, th e study will n ot  n ecessarily be an  accurate represen tation  of wh at
will h appen  wh en  th e in terven tion  is used in  th e gen eral population , in  wh om
com plian ce is rarely, if ever, 100%. It  is of course possible to an alyse a study for on ly
th ose wh o receive an d com plete th eir t reatm en t regim en , bu t  th is sh ould  always be
clearly stated  wh en  th e resu lts of th e study are reported .



92 Introduction to epidemiology

In te rp ret at io n

On ce th e resu lts h ave been  an alysed, th e in vestigators n eed to decide wh eth er th e
resu lts are wh olly due to th e in terven tion  or wh eth er th ey cou ld  be explain ed by
oth er factors. If th e trial h as been  carried  ou t  correctly, an d th e ran dom ization  an d
blin din g procedures are effective, th en  th ere sh ould  be few problem s with  bias an d
con foun din g. It  is im portan t  to d ist in gu ish  between  resu lts th at  are stat ist ically
sign ifican t  an d th ose th at  are clin ically sign ifican t . It  m ay be th at  a resu lt  h as
reach ed stat ist ical sign ifican ce bu t because of oth er factors such  as drug side effects,
oth er adverse even ts an d costs of im plem en tation  th e treatm en t of in terest  m ay
n ot be seen  as a viable altern ative to th e n ext best  t reatm en t.

Et hi ca l iss ue s

Eth ical con sideration s are im portan t  in  in terven tion  studies because th e
in vestigators h ave con trol over th e part icipan ts an d th e in ven tion s th ey receive.
For th is reason , th e World  Health  Organ ization  an d oth er n ation al an d in ter-
n ation al bodies h ave drawn  up  gu idelin es for th is type of research  based on  th e
Declaration of Helsinki. However, wh eth er a study is judged to be eth ical can  vary
greatly between  coun tries an d over t im e, as scien tific kn owledge an d cu ltu ral
n orm s develop .

In h eren t  to an y in terven tion  study is th e fact  th at  a group of part icipan ts are bein g
actively den ied  an  in terven tion  th at  m ay be of ben efit  to th em . Of course, if th e
study is a success, th en  th e u lt im ate ben efit  will be to th e gen eral population . Th ere
is th erefore th e poten tial for m an y people to ben efit  from  th e fact  th at  a few did
n ot receive th e drug in  th e trial, an d, sh ould  resu lts be favourable, th ose wh o
part icipated  in  th e trial will n ot  con tin ue to be den ied th e drug on ce th e trial is
over. Neverth eless, safeguards sh ould  be pu t  in  p lace to m ake sure th at  th ose wh o
part icipated  d id  n ot  do so in  vain .

In terven tion  studies n eed to address question s of sufficien t  im portan ce to h ealth  to
warran t  th is type of study in  th e first  p lace. Studies n eed to be design ed in  such  a
way th at  th ey can  provide th e m ost  accurate an swer possible. Th e research  question
sh ould  also n ot  already h ave been  an swered by an oth er study, sin ce to den y part i-
cipan ts an  establish ed in terven tion  would  be un eth ical. However, it  is often
im portan t  to establish  wh eth er th e effects of an  in terven tion  kn own  to work on  a
part icu lar group of people will work on  a population  with  d ifferen t  ch aracterist ics,
in  d ifferen t  h ealth  care system s with  d ifferen t  resources an d structures.

Before part icipan ts are recru ited  in to a trial, it  is im portan t  th at  th ey are fu lly aware
of wh at th e study is about, wh at  it  is for an d wh at th e poten tial risks are. Part ici-
pan ts th en  n eed to give th eir con sen t to part icipate. Th is is kn own  as informed
consent. Som etim es it  is n ot  possible for th e part icipan t to provide th eir con sen t .
For exam ple, if th e in terven tion  is a ch ildh ood vaccin e, th en  con sen t will n eed to
be sough t from  th e paren t  or guardian  of th e ch ild ; an d if th e in terven tion  is a drug
th at  is h oped to im prove th e recovery of patien ts with  severe h ead in juries, th en  it
is likely th at  con sen t will be requ ired  from  a close relat ive or guardian . Wh atever
form  of con sen t  is obtain ed, it  sh ould  always be clearly stated  wh en  th e resu lts of
th e trial are reported .
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It  is also im portan t  th at  trial part icipan ts are allowed to refuse to part icipate an d
h ave th e option  to drop  ou t  of th e trial at  an y t im e durin g th e study. As with  an y
study, th e iden tity of th e trial part icipan ts sh ould  be kept confiden tial an d th eir
privacy respected .

St ren gt hs  an d wea kn es se s

Ran dom ized con trolled  trials are con sidered to be th e ‘gold  stan dard’ of ep idem i-
ological studies an d h ave m an y m ajor advan tages. Th eir m ain  advan tage is th at
th ey carry less risk of bias an d con foun din g th an  oth er ep idem iological studies,
an d can  provide stron g eviden ce of causal relat ion sh ips between  th e in terven tion
an d th e ou tcom e. If properly ran dom ized, an d of a large en ough  sam ple size, th e
in terven tion  an d con trol groups will be sim ilar in  all respects except  th e in terven -
t ion . If th ere is allocation  con cealm en t so th at  in vest igators can n ot m odify th e
ran dom ization  process select ion  bias an d con foun din g will be m in im ized. If th e
in vestigators are blin d to th e treatm en t allocation  of th e part icipan ts, report in g
bias an d observer bias will be m in im ized wh en  evaluatin g th e patien ts’ ou tcom es.
If th e part icipan ts th em selves are blin d  to wh ich  in terven tion  th ey received (e.g. if
a p lacebo was given ) th en  th is can  reduce respon der bias.

How m uch  th ese biases affect  th e resu lts does depen d on  th e ou tcom e bein g
evaluated . If th e ou tcom e is a part icu lar d isease or death  th en  ou tcom e m easure-
m en t bias would  n ot  affect  th e resu lts; h owever, if it  is m ore subjective, such  as
a quality-of-life score, or report in g of side effects, th en  kn owledge of wh ich
group part icipan ts are allocated  to cou ld  affect  th e report in g of th ese ou tcom es.
In terven tion  studies are sim ilar to coh ort  studies in  th at  th ey can  be used to study
m ultip le ou tcom es an d can  m easure th e in ciden ce rate of th e ou tcom e.

However, ran dom ized con trolled  trials are often  expen sive to carry ou t . Th ey m ay
require a large study team , in  several location s, an d th ey often  n eed a lon g follow-
up period. In  som e situation s, in terven tion  studies m ay be im possible to carry ou t
because of eth ical con cern s. For exam ple, if a treatm en t or in terven tion  is already
routin ely used an d th ere is n o viable altern ative, it  would  n ot  be eth ical to with -
draw th at  treatm en t from  th e part icipan ts ran dom ized to th e con trol group, even  if
th e effectiven ess of th e treatm en t was un kn own  or in  doubt.

It  is n ot  un com m on  for resu lts of ran dom ized con trolled  trials an d n on -
ran dom ized studies to be conflict in g. In  fact  resu lts can  differ between  studies of
th e sam e design . Wh ere th ere is conflict in g eviden ce from  several studies, in  order
to provide a clearer an swer, it  would  be n ecessary to assess th eir quality, an d it  m ay
be possible to gath er togeth er in  a literatu re review or meta-analysis eviden ce from
all studies th at  h ave been  con ducted . It  is possible, h owever, (an d com m on ) th at  n o
defin it ive an swer can  be reach ed on  th e available eviden ce.

Wh ile it  is im portan t  n ot  to base clin ical practice on  on e study alon e, th ere are
m an y in terven tion  studies th at  h ave h elped ch an ged clin ical practice. A h istoric
trial, th e first  t ru ly ran dom ized trial to be reported , establish ed th e superiority of
th e drug streptom ycin  over a period of bed rest  (stan dard  treatm en t at  th e t im e) for
pu lm on ary tubercu losis (Medical Research  Coun cil Strep tom ycin  in  Tubercu losis
Trials Com m ittee 1948).
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Activ ity  8. 1

A (fictitious) study was carried out in all 80,000 infants born in country X in 2002
(January to December). Infants were eligible for inclusion in the study when they were
presented at a health centre aged 1 month. Parents consented for their infants to be
enrolled in the study to test the vaccine efficacy of a pneumococcal vaccination.

Infants born on odd-numbered days formed the vaccine group and received the
pneumococcal vaccination vaccine at 3, 4, 6 and 14 months along with the other rou-
tinely administered vaccines. Children born on even-numbered days constituted the
control group and received only the routine vaccines at 3, 4, 6 and 14 months. All infants
were followed up for immediate side effects and for episodes of infections for 1 year.

The children in the two treatment groups were not compared in terms of their
characteristics at study entry, but were found to have similar vaccine coverage rates
(approximately 98%) and similarly low rates of side effects. The pre-vaccination and
post-vaccination mean antibody titre was compared in 100 of the children, although the
investigators did not say how they selected this group of children. The incidence of
pneumococcal disease was compared between the vaccine and control groups.

1 What sort of study is this?

2 Discuss the potential limitations of this study.

3 The pre- and post-vaccination antibody titres in the 100 children investigated in this
study are given in Table 8.1. Comment on these results. Can you conclude that the
new vaccine is efficacious in preventing pneumococcal disease?

During the first 6 months of the follow-up, 14 cases of pneumococcal disease were
identified, 2 cases in the vaccine group and 12 cases in the control group.

4 Assuming that there were 40,000 children in each group, calculate the risk ratio of
invasive pneumococcal infection.

5 What proportion of the expected cases of invasive pneumococcal infections seem
to have been prevented by this vaccine? (Calculate the preventable fraction, also
known as the vaccine efficacy – see Chapter 3.)

Table  8.1 Pre- and post-vaccination antibody titres

Age of child
(months)

Number of doses
received

Number of children
examined

Mean antibody titre
( g/ml)

Number of children
with >2-fold rise in
antibody titre

3 0 150 0.12
4 1 147 0.15 0
6 2 143 0.13 15 (10.5%)
7 3 140 0.39 109 (77.9%)
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Fee db ac k

Your answers to the questions should be along the lines of the following:

1 This is an open (non-blinded), non-randomized, controlled field trial.

2 There are three potential limitations of this study.

Metho d of  all oc ati on  of  compari so n grou ps : Since the allocation to vaccine and
control groups depended on the date of birth, parents and the physicians who followed
up the children (for side effects and pneumococcal disease) could not be blind to the
comparison groups. However, it is unlikely that children born on odd-numbered days
are intrinsically different from those born on even-numbered days, so the two groups
would be comparable in their baseline characteristics.

Se lec tio n bi as : The proportion of parents refusing to participate in the study and loss
to follow-up could be different between the comparison groups, depending on the
perception of parents regarding the safety and efficacy of the new vaccine. This would
limit the generalizability of the results.

In formatio n bia s: Physicians could overdiagnose pneumococcal disease in the
control group since they knew the vaccine status of children. Similarly, the frequency of
consultation by parents for symptoms suggestive of pneumococcal infection could
differ between the groups. However, this is unlikely since pneumococcal infection leads
to severe disease and almost all children with severe illness would be brought to
a health facility in country X; also, the diagnosis of pneumococcal disease can be
confirmed by bacteriological and serological investigations. However, the incidence of
side effects of the vaccine could be overestimated since parents of children from the
vaccine group are more likely to report to the health centre with minor side effects
such as rashes.

3 There was no increase in the mean antibody titres after the first and second dose of
the vaccine. However, there was a marked increase in the mean antibody titre after the
third dose of the vaccine. The proportion of children with at least a two-fold increase in
the antibody level jumped from 11% after two doses to 78% after three doses. It seems
that for three doses of the vaccine there is a substantial immunogenic response. How-
ever, since the antibody titre can rise as a result of naturally occurring pneumococcal
infections, it is difficult to assess the role of natural infection on the observed rise in the
antibody titre in the vaccinated children. It would have been more informative if data on
the antibody titres in a group of unvaccinated children were available for comparison.
Furthermore, the risk of exposure to natural pneumococcal infection increases with
age and the number of doses of vaccine increased with age. Thus, the observed increase
in the antibody titre after three doses could be confounded by age. However, the fact
that there is no evidence of any increase in the antibody levels until 6 months and then a
sudden increase between 6 and 7 months within a month after the third dose makes it
unlikely that the observed immunogenic effect of the vaccine after three doses is
confounded by age. Is this observation generalizable to all children participating in this
study? No information is given as to how the 150 children were selected. If they were
selected randomly, they would be a representative sample of this study population, and
thus it would be reasonable to conclude that this vaccine had a good immune response
among children from country X.
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Investigating immune response to a vaccine is necessary but is not sufficient to establish
whether or not the vaccine is efficacious in preventing disease. It is possible that a
vaccine can be highly immunogenic but not efficacious in the prevention of disease. To
establish the vaccine efficacy, the incidence of mortality, morbidity and side effects must
be compared between the vaccinated and unvaccinated children.

4 The risk ratio is calculated by dividing the risk of disease in those who were
vaccinated by the risk of disease in those who were unvaccinated:

Risk ratio = 
2/40,000

12/40,000
 = 

2

12
 = 0.1667.

5 Preventable fraction (or vaccine efficacy) can be calculated by either of the following
methods:

Vaccine efficacy = 
Incidence in unvaccinated − Incidence in vaccinated

Incidence in vaccinated

= 
(12/40,000) − (2/40,000)

(12/40,000)
 = 0.8333 = 83%

or

Vaccine efficacy = 1 − Risk ratio = 1 − 0.1667 = 0.8333 = 83%.

Summar y

In  th is ch apter you  h ave learn ed about th e key features of in terven tion  studies. You
sh ould  n ow be able to describe th e features of an  in terven tion  study, un derstan d
th eir stren gth s an d lim itat ion s, an d be able to d iscuss th e associated  eth ical an d
policy issues.
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9 Interpretat ion of t he result s
of epidemiological studies

Over view

Most ep idem iological studies aim  to iden tify exposures th at  m ay in crease or
decrease th e risk of developin g a certain  d isease (or ou tcom e). Un fortun ately, errors
in  th e design , con duct an d an alysis can  d istort  th e resu lts of an y epidem iological
study, in cludin g ran dom ized con trolled  trials. Even  if errors do n ot  seem  to be an
obvious explan ation  for an  observed associat ion  between  an  exposure an d an  ou t-
com e, it  m ay or m ay n ot be causal. In  th is ch apter, you  will learn  m ore about th e
poten tial p itfalls in  ep idem iological studies an d th e steps in volved in  in terpretin g
an  observed associat ion  between  an  exposure an d an  ou tcom e.

Learning object ives

After  working through this session, you will be bet ter  able to:

• discuss the different  t ypes of bias that  can distor t  t he result s of
epidemiological studies

• understand that  a confounding var iable provides an alternat ive
explanat ion for  an obser ved associat ion between an exposure and an
outcome

• understand the role of chance
• descr ibe the steps involved in determ ining whether  or  not  an associat ion

between an exposure and an outcome is causal.

Key terms

Ran d om  error  Th e variat ion  of an  observed value from  th e true population  value due to ch an ce
alon e.

How do we interpret  t he result s of a study?

Th e aim  of m ost  ep idem iological studies is to establish  causal associat ion between
risk factors (exposure) an d disease (or oth er ou tcom e) so th at  preven tive m easures
can  be taken  to lim it  th e m orbidity an d m ortality of th e d isease. In  th e previous
ch apters on  epidem iological study design s, you  learn ed h ow th e resu lts of a study
are an alysed. For exam ple, you  can  calcu late a m easure of relat ive risk for an  associ-
at ion  between  a risk factor an d disease. However, before we can  con clude th at  an
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observed associat ion  is causal (i.e. th at  th e risk factor really does cause d isease), we
first  n eed to exclude all oth er possible reason s wh y we m igh t h ave obtain ed th at
resu lt .

First , we n eed to ask wh eth er th e associat ion  was due to errors in  th e way th e study
was con ducted . Th is in cludes th e way in  wh ich  study part icipan ts were selected
an d h ow in form ation  was obtain ed from  th em . As you  will recall from  previous
ch apters, th is is kn own  as bias.

Secon dly, were th ere an y differen ces between  th e groups in  term s of oth er variables
th at  were n ot  m easured or taken  in to accoun t in  th e an alysis? Th ese factors are
kn own  as con foun ders.

Th ird ly, cou ld  th e observed associat ion  be due to ch an ce?

A study’s internal validity relates to h ow well th e study is design ed to en sure th at
th e fin din gs are n ot  a resu lt  of or affected  by ch an ce, bias an d con foun din g. On ce
we h ave ru led  ou t all of th ese possible reason s, we can  th en  ask wh eth er th e
associat ion  is likely to be causal. However, th is st ill depen ds on  several im portan t
criteria bein g m et.

Bias

In  previous ch apters we h ave m en tion ed som e of th e ways in  wh ich  bias can  occur
in  study design  an d m easurem en t of an  associat ion . Here, we give an  overview
of bias in  th e study design s you  h ave m et. Bias can  be categorized in to two
classes:

• select ion  bias
• in form ation  bias (or m easurem en t bias).

Select ion bias

Selection  bias occurs wh en  system atic errors are in troduced by th e selection  of
study part icipan ts or allocation  of in dividuals to d ifferen t  study groups. Th ese
errors can  com prom ise th e (in tern al) valid ity of resu lts of a study. Th is can  occur if
th e part icipan ts selected  for th e study are n ot  represen tat ive of th e gen eral popula-
t ion  to wh ich  th e study will u lt im ately apply, or if th e com parison  groups are n ot
com parable (case–con trol or in terven tion  studies). For exam ple, if subjects are
allowed to ch oose between  a n ew drug th at  is bein g tested  an d an  establish ed drug,
th e m ore adven turous or h ealth -con scious in dividuals m igh t like to try th e n ew
drug, wh ereas th e less adven turous or less well-in form ed in dividuals m ay opt for
th e establish ed drug. Differen ces in  th e effects of th e two drugs observed in  such  a
study design  m ay be part ly or en tirely due to th e d ifferen ces in  th e un derlyin g
ch aracterist ics of th e study part icipan ts rath er th an  in  th e effects of th e drugs. For
th ese reason s it  is preferable to ran dom ly assign  part icipan ts to th e study drug or
con trol in  in terven tion  studies.

In  case–con trol studies, select ion  bias can  occur in  th e selection  of cases if th ey are
n ot represen tative of all cases with in  th e populat ion , or in  th e selection  of con trols
if th ey are n ot  represen tative of th e population  th at  produced th e cases.
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In  coh ort  studies, selection  bias m ay occur if th e exposed an d un exposed groups are
n ot tru ly com parable. Th is m igh t h appen  if th e un exposed group is n ot  correctly
selected , an d differs from  th e exposed groups in  oth er, un related , factors in  add-
it ion  to th e exposure of in terest . An  exam ple of th is would  be com parin g an  occu-
pation al coh ort  with  th e gen eral population . An y associat ion  with  th e exposure
an d disease m igh t be lost  due to th e healthy worker effect. Bias m ay also occur if th ere
are d ifferen ces in  follow-up between  th e com parison  groups. For exam ple, an
occupation al coh ort  m ay be m uch  easier to follow up for lon ger periods of t im e
th an  th e gen eral populat ion , wh ich  m ay lead to m ore accurate an d com plete data
bein g collected  in  th e exposed group.

Informat ion bias

In form ation  (or m easurem en t) bias occurs if an  in accurate m easurem en t or
classification  of an  ou tcom e or exposure is m ade. Th is cou ld  m ean  th at  in dividuals
are assign ed to th e wron g exposure or ou tcom e category, an d will th en  resu lt  in  an
in correct  est im ation  of th e associat ion  between  exposure an d ou tcom e. Errors in
m easurem en t are also kn own  as misclassifications, an d m igh t be in troduced by
th e observer (observer bias), by th e study part icipan ts (recall bias), or by th e
m easurem en t tools such  as weigh in g scales or question n aires.

Th e size an d direction  of th e d istort ion  of an  observed associat ion  between  an
exposure an d an  ou tcom e depen ds on  th e type of m isclassification , of wh ich  th ere
are two types:

• d ifferen tial m isclassification
• n on -differen tial (ran dom ) m isclassification .

On ly differen tial m isclassification  leads to in form ation  bias, alth ough  we will
d iscuss both  types of m isclassification  h ere for com pleten ess.

Differential misclassification

Differen tial m isclassification  occurs wh en  on e group of part icipan ts is m ore likely
to be m isclassified th an  th e oth er. In  a coh ort  study differen tial m isclassification
can  occur if exposure m akes th e in dividuals m ore or less likely to be classified as
h avin g th e d isease. In  a case–con trol study, d ifferen tial m isclassification  can  occur
if cases are m ore or less likely to be classified as bein g exposed th an  con trols.

Differen tial m isclassification  can  th erefore lead  to an  over- or un derest im ation  of
an  associat ion  between  exposure an d ou tcom e. We will illustrate th is in  th e n ext
activity.

Act ivit y 9.1

In a case–control study designed to investigate the association between the use of oral
contraceptives and ovarian cancer, the exposure to oral contraceptives was deter-
mined from the history given by the study participants. Cases are women diagnosed
with ovarian cancer and controls are those who do not have ovarian cancer. The
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investigators assume that women with ovarian cancer are more likely to recall the use
of oral contraceptives than those who do not have the cancer.

1 Do you think differential misclassification is likely to occur?

2 If so, how do you think it would affect the observed effect of use of contraceptives
on ovarian cancer?

Table 9.1 shows the odds of exposure to contraceptives in cases and controls in the
study.

3 What is the actual odds ratio of exposure to contraceptives in cases compared to
controls?

Suppose that the cases recalled the use of oral contraceptives accurately, but the
controls did not (scenario 1). This could lead to the results shown in Table 9.2.

4 What is the observed odds ratio of exposure to contraceptives in cases compared
to controls in scenario 1?

Feedback

Your answers should be along the following lines:

1 Yes, differential misclassification is likely to occur because the probability of misclas-
sification differs between the case group and the control group.

2 Here, the protective effect of use of oral contraceptives would be underestimated
since the odds of exposure to oral contraceptives are likely to be overestimated or
correctly estimated among cases whereas it will be underestimated among the
controls.

3 The odds of exposure to contraceptives are 40/60 in the cases and 50/50 in
the controls. Therefore, the odds ratio of exposure to contraceptives among cases
compared to controls is calculated as follows:

Table 9.1 Odds of exposure to oral contraceptives in cases and controls

Exposure Cases Controls

Oral contraceptive users 40 50
Oral contraceptive non-users 60 50

Total 100 100

Table 9.2 Observed odds of exposure in scenario 1

Exposure Cases Controls

Oral contraceptive users 40 30
Oral contraceptive non-users 60 70

Total 100 100
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Odds ratio = 
40/60

50/50
 = 

40 × 50

50 × 60
 = 0.67.

4 Since all the cases who had used contraceptives were able to recall accurately, there
was no misclassification of exposure to contraceptives among the cases. However,
40% of controls who had actually used contraceptives failed to recall the use of contra-
ceptives and this led to an underestimation of odds of exposure to contraceptives
among the controls. Therefore, the observed odds ratio of exposure to contraceptives
among cases compared to the controls is:

Odds ratio = 
40/60

30/70
 = 

40 × 70

30 × 60
 = 1.6,

which is clearly an overestimate of the actual odds ratio. In other words, this biased
estimate suggests that use of oral contraceptives is a risk factor rather than a protective
factor for ovarian cancer.

Non-differential misclassification

Non -differen tial m isclassification  occurs wh en  both  groups (cases or con trols,
exposed or un exposed) are equally likely to be m isclassified. Th is form  of m isclas-
sification  is th erefore independent of exposure status or ou tcom e status. Non -
differen tial m isclassification  usually leads to un derest im ation  of an  associat ion
between  exposure an d ou tcom e, an d will th erefore reduce th e observed stren gth  of
th e associat ion .

Suppose th at , in  th e case–con trol study discussed above, th e exposure to oral
con traceptives was determ in ed from  th e records of fam ily p lan n in g clin ics. It
is likely th at  th e records of som e wom en  m igh t n ot  be traceable. However, th e
loss of records would  probably be d istribu ted  equally am on g th e cases an d th e
con trols, sin ce record-keepin g in  fam ily p lan n in g clin ics is in depen den t of th e
risk of wom en  developin g can cer. If th e in vestigators decided to classify all
wom en  wh o did  n ot  h ave a record  in  th e fam ily p lan n in g clin ics as un exposed
to con traceptives, th en  th e odds of exposure to con traceptives would  be
un derest im ated in  both  cases an d con trols. Alth ough  th e odds of exposure
to con traceptives would  be un derest im ated equally am on g cases an d con trols,
it  would  lead  to un derest im ation  of th e effect  of con traceptives on  ovarian
can cer.

Act ivit y 9.2

Continuing with the study considered in Activity 9.1, suppose now that the records of
40% of both the cases and the controls who had used oral contraceptives were not
traced and these subjects were misclassified as non-users (scenario 2). The observed
odds of exposure in scenario 2 are shown in Table 9.3.

What is the observed odds ratio of exposure to contraceptives in cases compared to
controls in scenario 2?
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Feedback

The odds of exposure to contraceptives among cases is 24/76 and among controls is
30/70. Although the proportions of cases and controls misclassified are equal (40%), the
odds ratio of exposure to contraceptives among cases compared to controls is
underestimated:

Odds ratio = 
24/76

30/70
 = 

24 × 70

30 × 76
 = 0.74.

Avoiding information bias

In form ation  bias can  be m in im ized eith er in  th e study design or in  th e way in
wh ich  data are collected . Blin din g can  be used to preven t  recall bias an d observer
bias. Th is n eed n ot  apply just  to in terven tion  studies. For exam ple, in  case–con trol
studies th ose wh o are determ in in g th e exposure status of a study part icipan t sh ould
be un aware of wh eth er th e lat ter is a case or a con trol. Blin din g of study part ici-
pan ts m ay be m ore d ifficu lt , bu t  som etim es th is is don e by n ot revealin g th e exact
research  question .

With  data collection , th e best  way to avoid  bias is to use objective records rath er
th an  relyin g on  recall, an d to use au tom ated m easurin g devices rath er th an  relyin g
on  observers. Data on  exposures sh ould  also be collected  as n ear as possible to th e
tim e of exposure.

If question n aires are used, th en  good question n aire design  is essen tial. Question -
n aires n eed to be valid  an d reliable. A question n aire’s validity relates to h ow
well th e question s m easure wh at th ey are supposed to m easure. Th e valid ity of
a question n aire cou ld  be establish ed by cross-referen cin g an swers to a quest ion
with  a gold  stan dard . Often  studies can  use question n aires th at  h ave already
been  validated , such  as quality-of-life quest ion n aires. Ideally question s sh ould  be
closed (h ave a lim ited  n um ber of possible an swers), specific an d un am biguous. A
question n aire’s reliability relates to th e likelih ood of obtain in g sim ilar resu lts if th e
question n aire were to be repeated , or, if an swers are d ifferen t , th e proport ion  of
th ese d ifferen ces are due to true d ifferen ces an d wh at proport ion  are due ran dom
errors. In terviewers sh ould  be train ed to ask question s in  th e sam e way, an d sh ould
also be blin d  to th e exposure status of th e part icipan t  (if possible). Strein er an d
Norm an  (2003) give practical gu idan ce on  question n aire design .

Table 9.3 Observed odds of exposure in scenario 2

Exposure Cases Controls

Oral contraceptive users 24 30
Oral contraceptive non-users 76 70

Total 100 100
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Confounding

Con foun din g provides an  altern ative explan ation  for an  associat ion  between  an
exposure an d an  ou tcom e. It  occurs wh en  an  observed associat ion  between  an
exposure an d an  ou tcom e is d istorted  because th e exposure of in terest  is correlated
with  an oth er risk factor. Th is addit ion al risk factor is also associated  with  th e ou t-
com e, bu t  in depen den tly of th e exposure of in terest . An  un equal d istribu tion  of
th is addit ion al risk factor between  th ose wh o are exposed an d un exposed will resu lt
in  con foun din g.

Th is situation  is illustrated  in  Figure 9.1. Here, associat ion  1 is an  exam ple of
con foun din g wh ere sm okin g is th e con foun din g variable in  a study to assess th e
relat ion sh ip  between  occupation  an d lun g can cer. In  associat ion  2, th e variable
blood ch olesterol is on  th e causal path way between  diet  an d h eart  d isease, is n ot
associated  with  th e d isease in depen den tly of d iet , an d is th erefore n ot  a con -
foun der. In  associat ion  3, alcoh ol con sum ption  is n ot  a con foun der because it  is
n ot  associated  with  lun g can cer at  all.

A poten tial con foun der is an y factor th at  can  h ave an  effect  on  th e risk of d isease
un der study. Th is in cludes factors th at  h ave d irect  causal lin ks with  th e d isease, an d
factors th at  are proxy m easures for oth er un kn own  causes (i.e. age an d social class).
Rem em ber th at  you  en coun tered  age as a con foun der in  Ch apter 2, wh en  you
calcu lated  stan dardized m ortality rat ios.

In  th e n ext act ivity, you  will look at  th e effect  th at  con foun din g can  h ave on  th e
estim ates of associat ion  calcu lated  in  a study.

Figure 9.1 Associations
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Act ivit y 9.3

In a case–control study, coffee drinking was observed to be associated with the risk of
cancer of the pancreas. The importance of this association was disputed because it was
noted that coffee drinking was correlated with cigarette smoking and cigarette smoking
was also associated with cancer of the pancreas. So, cigarette smoking may have con-
founded the observed association between coffee drinking and cancer of the pancreas.
The observed odds of exposure to coffee among all cases and controls are shown in
Table 9.4.

1 What is the odds ratio of exposure to coffee in cases compared to controls?

Because the researchers in this study believed that coffee drinking and cigarette
smoking might be correlated, and also that cigarette smoking was associated with
cancer of the pancreas, they calculated the odds ratio of exposure among smokers and
non-smokers separately (Table 9.5).

2 What is the odds ratio of exposure to coffee compared to controls among smokers
and non-smokers?

3 What is your inference regarding the association between coffee drinking and can-
cer of the pancreas?

To explore confounding further, look at the evidence of association between smoking
and coffee drinking, and between smoking and cancer of the pancreas as shown in
Tables 9.6 and 9.7.

Table 9.4 Odds of exposure to coffee among all cases and controls

Exposure Cases Controls Total

Coffee drinkers 450 600 1 050
Non-coffee drinkers 300 750 1 050

Total 750 1 350 2 100

Table 9.5 Odds of exposure to coffee in cases and controls stratified by exposure to
smoking

Smokers Non-smokers

Exposure Cases Controls Cases Controls Total

Coffee drinkers 400 300 50 300 1 050
Non-coffee drinkers 200 150 100 600 1 050

Total 600 450 150 900 2 100

Table 9.6 Association between smoking and coffee drinking

Exposure Smokers Non-smokers Total

Coffee drinkers 700 350 1 050
Non-coffee drinkers 350 700 1 050

Total 1 050 1 050 2 100
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4 What is the odds ratio of coffee drinking among smokers compared to non-
smokers?

5 What is the odds ratio of smoking in cases compared controls?

Feedback

1 Odds of exposure in cases = 450/300 and odds of exposure in controls = 600/750.

Odds ratio of exposure to coffee = 
450/300

600/750
 = 1.9.

2 Odds ratio of exposure to coffee in cases compared to controls among smokers =
400/200

300/150
 = 1.0.

Odds ratio of exposure to coffee in cases compared to controls among non-smokers =
50/100

300/600
 = 1.0.

3 Although the crude odds ratio was 1.9, when stratified according to exposure to
smoking the odds ratio of exposure to coffee drinking is 1.0 in both smokers and non-
smokers. This shows that the observed association between coffee drinking and cancer
of the pancreas is confounded by the effect of smoking.

4 Odds ratio of coffee drinking among smokers compared to non-smokers = 
700/350

350/700
= 4.0.

This shows that smokersare 4 times as likely to drink coffee as non-smokers.

5 Odds ratio of smoking in cases compared to controls = 
600/150

450/900
 = 8.0.

This shows that individuals with cancer of the pancreas are 8 times as likely as healthy
controls to be smokers. Since smoking is strongly associated with cancer of the
pancreas and is also associated with coffee drinking, it is not surprising that smoking
was confounding the observed association between coffee drinking and cancer of the
pancreas.

Table 9.7 Association between smoking and cancer of the pancreas

Exposure Cases Controls Total

Smokers 600 450 1 050
Non-smokers 150 900 1 050

Total 750 1 350 2 100
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Cont rol of confounding

Con foun din g can  be dealt  with  at  th e study design  stage or in  th e an alysis, as lon g
as data on  poten tial con foun ders h ave been  collected . Th ere are th ree ways to deal
with  con foun din g at  th e design  stage: restrict ion , ran dom ization , an d m atch in g.

Restriction sim ply lim its th e study to in clude people wh o are sim ilar in  relat ion  to
th e con foun der. For exam ple, if sex is kn own  to be a con foun der, th e study m ay be
design ed on ly to in clude m en . However, th is does th en  m ean  th at  th e resu lts of
th at  study can  on ly be applied  to m en .

Randomization is th e best  m eth od to con trol for con foun din g, because it  h elps to
en sure th at  kn own  (an d even  un kn own ) con foun din g variables are d istribu ted
even ly between  th e study groups. However, th is m eth od can  on ly be used in
in terven tion  studies (Ch apter 8).

Matching is usually on ly used in  case–con trol studies an d en sures th at  con trols are
selected  wh o are sim ilar to cases in  term s of poten tial con foun ders (Ch apter 7).

At th e an alysis stage, th ere are two furth er m eth ods available for con trollin g con -
foun ders. Th e first  is stratification, wh ich  can  be th ough t of as an  exten sion  of
restrict ion . However, rath er th an  on ly studyin g people wh o are sim ilar in  relat ion
to th e con foun der, th e con foun din g variable can  be sp lit  in to groups (e.g. m en  an d
wom en ), an d associat ion s between  exposure an d ou tcom e an alysed separately in
each  group. However, a problem  with  strat ification  in  th e an alysis of an y study
design  is th at  th e m ore th e origin al sam ple is strat ified th e sm aller th e sam ple size
of each  subsam ple becom es, an d h en ce th e power to detect  associat ion s is reduced.

An oth er m eth od, wh ich  does n ot  h ave th e sam e problem s of loss of power, is to
use stat ist ical m odellin g tech n iques, wh ereby data on  poten tial con foun ders are
in cluded in  th e stat ist ical m odel, wh ich  th en  sim ultan eously adjusts for all
con foun din g variables. Th is is often  used in  coh ort  studies.

Strat ification  an d stat ist ical m odellin g are tech n iques usually carried  ou t  on
n on -ran dom ized studies, as in  ran dom ized studies patien t  ch aracterist ics sh ould  be
equally d istribu ted  in  each  group.

Role of chance

Gen erally, ep idem iological studies are lim ited  to a sam ple of in dividuals from  a
referen ce populat ion  because it  is usually im practical to in clude all in dividuals.
However, based on  th e est im ates observed in  th e sam ple population , it  is possible
to m ake in feren ces about th e actual risk in  th e referen ce population . For exam ple,
to assess th e coverage of im m un ization  in  a com m un ity, research ers m ay study th e
im m un ization  status in  a ran dom  sam ple of 210 ch ildren  an d extrapolate th e
observed coverage to all ch ildren  in  th at  com m un ity. However, observed est im ates
from  sam ples of in dividuals will d iffer in  oth er sam ples of in dividuals from  th e
sam e com m un ity.

Stat ist ical m eth ods can  be used to assess th e probability of obtain in g an  observed
estim ate in  a sam ple by ch an ce alon e, an d to assess th e ran ge of values with in
wh ich  th e actual est im ate is likely to fall.
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We will give on ly a brief explan ation  of th e P-values obtain ed from  stat ist ical sig-
n ifican ce tests an d of confiden ce in tervals.

P-values

A P-value obtain ed from  a stat ist ical sign ifican ce test  gives th e probability of
obtain in g an  observed est im ate by ch an ce. For exam ple, if you  did  a sign ifican ce
test  for th e associat ion  between  oral con traceptives an d ovarian  can cer sh own  in
Table 9.1 (odds rat io = 0.67), th e resu lt in g P-value would  be 0.20.

A P-value of 0.20 tells you  th at  th e probability of obtain in g th e odds rat io of 0.67 in
th is sam ple by ch an ce is 0.20 (i.e. 1 in  5). Sin ce a 1 in  5 ch an ce is fairly h igh , th e
observed odds rat io of 0.67 is likely to h ave occurred  by ch an ce. Con ven tion ally, if
th e P-value is less th an  0.05 (i.e. th e probability of obtain in g th e observed est im ate
by ch an ce is less th an  1 in  20), th en  th e role of ch an ce in  obtain in g th e observed
resu lt  is rejected , an d th e calcu lated  est im ate can  be in terpreted  as a sign ifican t
est im ate for th at  associat ion .

Confidence inter vals

If you  calcu late th e 95% confiden ce in terval for th e odds rat io for Table 9.1, you  get
th e ran ge 0.37–1.21. Th is tells us th at  th e probability th at  th e true odds rat io falls
ou tside th is ran ge is 1 in  20. In  th is exam ple, th e ran ge of th e 95% confiden ce
in terval goes from  less th an  1.0 (in dicatin g th at  th e exposure is protective) to m ore
th an  1.0 (in dicatin g th at  th e exposure is a risk factor). Th is suggests th at  th e odds
ratio is n ot  sign ifican tly d ifferen t  from  1.0 (in dicatin g n o sign ifican t  associat ion
between  exposure an d ou tcom e). If a 95% confiden ce in terval was sm all an d th e
en tire ran ge was less th an  1.0, you  m igh t be confiden t in  extrapolat in g th e
observed est im ate of 0.67 to th e referen ce populat ion . Con versely, if th e in terval
is large, or in cludes 1.0, you  sh ould  be cau tious in  extrapolatin g th e observed
estim ate.

Act ivit y 9.4

In each of the following examples, the association between the exposure and the
outcome has arisen as a result of error. For each example, identify which type of error
has occurred (bias, confounding, or random error) and write down why you think it
occurred (imagine you are explaining your reasons to a colleague).

1 In a study of risk factors for infant mortality, it is found that infant mortality is
significantly lower in households where the father wears a silk tie. The investigators
therefore conclude that if silk ties were given to fathers, infant mortality would fall.

2 Four people want to give up smoking. Two of them take garlic pills to help them stop,
and two do not. The two who take garlic pills succeed in giving up smoking. The
other two do not. The investigators conclude that garlic pills help people give up
smoking. However, a significance test shows that P= 0.3.



10 8 Introduction to epidemiology

3 In a case–control study to examine risk factors for lung cancer, cases are people
admitted to hospital with lung cancer, and controls are people admitted to the same
hospital with emphysema (a chronic lung disease for which smoking is a risk factor).
The study finds no association between smoking and lung cancer.

Fee db ac k

1 Here the error is confounding. Low socioeconomic group is a risk factor for infant
mortality. Here the exposure of interest is wearing a silk tie, which is associated with
socioeconomic group. So the apparent association between wearing a silk tie and lower
infant mortality is due to confounding with socioeconomic group. Socioeconomic
group (the confounder) is an alternative explanation for the apparent association
between wearing of a silk tie (the exposure of interest) and infant mortality (the
outcome).

2 In this example the result was due to chance or random error. This study shows an
apparent association between taking garlic pills and giving up smoking, but the number
of subjects is very small, and the P-value is 0.3. Here the association is due to random
error.

3 The study has been badly designed and has resulted in bias. The controls are more
likely to be smokers than is the population that produced the cases. In an appropriate
control group, the prevalence of smoking among the controls would be the same as
among the population that produced the cases.

Determining  a ca us e–ef fec t rela tio ns hi p

Wh en  determ in in g wh eth er a relat ion sh ip  is causal, th e first  step  is to ru le ou t  bias,
con foun din g an d ch an ce as likely explan ation s for th e observed associat ion
between  an  exposure an d an  ou tcom e. If n on e of th ese factors explain s th e
observed associat ion , you  can  con clude th at , accordin g to th ese data, th ere is a
valid  associat ion  between  th e exposure an d ou tcom e. A valid  stat ist ical associat ion
does n ot , on  its own , im ply a causal relat ion sh ip . A n um ber of fu rth er criteria n eed
to be con sidered, in cludin g th e tem poral sequen ce of th e relat ion sh ip , dose–
respon se relat ion sh ip , stren gth  of th e associat ion , biological p lausibility, an d
con sisten cy of th e fin din g.

Bradford  Hill (1965) publish ed a list  of criteria th at  n eed to be con sidered wh en
assessin g wh eth er an  associat ion  is likely to be causal. Th ese poin ts serve as a
gen eral gu ide, an d are n ot  m ean t to be an  inflexible list . Not all criteria m ust  be
fu lfilled  to establish  scien tific causation .

Tempora l rel at ion sh ip

To be causal, th e suspected  factor m ust  h ave occurred , or h ave been  presen t , before
th e ou tcom e (e.g. a d isease) developed. Th is is an  essen tial criterion  an d is m ore
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com plex th an  it  m ay seem . It  is gen erally easier to establish  a tem poral relat ion sh ip
in  prospective studies th an  in  cross-section al or case–con trol studies wh ere
m easurem en ts of th e exposure an d ou tcom e are m ade at  th e sam e t im e.

Dose–res po ns e rel at ion sh ip

Th e observation  of a gradien t  of risk associated  with  th e degree of exposure is
com m on ly con sidered as supportive eviden ce for causality. For exam ple, th e fact
th at  th ose wh o sm oke a m oderate n um ber of cigarettes h ave a death  rate from
coron ary h eart  d isease between  th e rates observed in  n on -sm okers an d h eavy
sm okers adds credibility to th e h ypoth esis th at  sm okin g in creases th e risk of coron -
ary h eart  d isease. However, th e presen ce of a dose–respon se relat ion sh ip  alon e
does n ot  confirm  a cause–effect  relat ion sh ip  an d con versely, th e absen ce of a
dose–respon se relat ion sh ip  does n ot  ru le ou t  a cause–effect  relat ion sh ip .

St ren gt h of as so ci at io n

Th e stron ger th e associat ion  (i.e. th e greater th e m agn itude of in creased or
decreased risk observed), th e less likely it  is th at  th e relat ion sh ip  is due to th e effect
of som e un con trolled  or un suspected  con foun din g variable. For exam ple, m ortal-
ity from  laryn geal can cer am on g h eavy sm okers m igh t be observed to be 20 t im es
h igh er th an  in  n on -sm okers. To accoun t for such  a h igh  risk by an oth er variable
associated  with  th e risk of laryn geal can cer, th e secon d variable would  h ave to be
presen t in  sm okers at  a very m uch  h igh er rate th an  am on g n on -sm okers. Sin ce it  is
un likely th at  such  a factor exists, th e stron g associat ion  between  sm okin g an d
laryn geal can cer cou ld  well be a cause–effect  relat ion sh ip . Th is lin e of reason in g
does n ot  im ply th at  an  associat ion  of sm all m agn itude can n ot be judged to be on e
of cause an d effect  – on ly th at  in  such  cases it  is m ore d ifficu lt  to exclude altern ative
explan ation s.

Biol ogic al pl au sib ili ty

Th e n otion  of a cause–effect  relat ion sh ip  is en h an ced if th ere is a kn own , or postu-
lated , biological m ech an ism  by wh ich  th e exposure m igh t reason ably alter th e risk
of developin g th e ou tcom e. For exam ple, a causal in terpretat ion  of an  observed
associat ion  between  th e con sum ption  of m oderate am oun ts of alcoh ol an d
decreased risk of coron ary h eart  d isease is en h an ced by th e fact  th at  alcoh ol is
kn own  to in crease th e level of h igh  den sity lipoprotein , wh ich  is associated  with  a
decreased risk of coron ary h eart  d isease. Sin ce wh at is con sidered biologically
plausible at  an y given  t im e depen ds on  curren t  kn owledge, th e lack of a kn own  or
postu lated  m ech an ism  does n ot  n ecessarily ru le ou t  a cause–effect  relat ion sh ip . For
exam ple, Joh n  Sn ow postu lated  th at  water was th e source of ch olera ep idem ics in
Lon don  lon g before th e iden tification  of Vibrio cholera (see Ch apter 1).
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Cons is te nc y with  ot he r st ud ies

Wh en  m an y studies con ducted  by d ifferen t  in vestigators at  various t im es usin g
differen t  m eth ods in  a variety of geograph ic an d cu ltu ral set t in gs sh ow sim ilar
resu lts, th en  we can  assert  th at  we h ave eviden ce of a cause–effect  relat ion sh ip . For
exam ple, th e assessm en t of a cause–effect  relat ion sh ip  between  cigarette sm okin g
an d coron ary h eart  d isease h as been  en h an ced by th e fact  th at  sim ilar resu lts h ave
been  obtain ed by a n um ber of coh ort  an d case–con trol studies con ducted  over 30
years in  d ifferen t  population s.

Sp ec ifi cit y

If a part icu lar exposure in creases th e risk of a certain  d isease, bu t  does n ot  in crease
th e risk of oth er d iseases, th is m ay be taken  as eviden ce in  favour of a cause–effect
relat ion sh ip . However, on e-to-on e relat ion sh ips between  exposure an d disease are
rare, sin ce m an y diseases are th e resu lt  of m ore th an  factor, an d an y lack of speci-
ficity sh ould  n ot  be used to refu te a poten tial causal relat ion sh ip .

Rever si bil ity

Does rem oval of a presum ed cause lead  to a reduction  in  th e risk of ill h ealth ?
Reduction  in  a part icu lar exposure, if followed by a reduced risk of a part icu lar
disease, m ay stren gth en  th e presum ption  of a real cause–effect  relat ion sh ip .

Cohe ren ce

Th e poten tial cause–effect  relat ion sh ip  sh ould  n ot  seriously conflict  with  previous
kn owledge of th e n atural h istory an d biology of th e d isease.

Analog y

In  addit ion , th e causal relat ion sh ip  is likely to be furth er supported  if th ere are
an alogies with  oth er (well-establish ed) cause–effect  relat ion sh ips.

Activ ity  9. 5

Several case reports of mesothelioma among workers at a factory led to a (fictitious)
investigation of a possible association between exposure to asbestos and cancer
mortality.

The investigators reviewed the occupation of people who had died during the study
period (1992–2004) from the local vital registration system. From this review of over
100,000 death certificates, they identified 863 deaths of former factory workers (a later
historical cohort study showed that the actual number of deceased workers was 3026).
A team of interviewers was able to contact relatives of 402 of the deceased workers.
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Exposure to asbestos was ascertained from the information given by the relatives in
response to the question ‘Did he (the deceased worker) work with asbestos?’ If the
answer was ‘yes’, then the deceased was classified as exposed; if the answer was ‘no’ or
‘don’t know’, the deceased was classified as unexposed. The interviewers were blind to
the cause of death recorded in the death certificate.

Since all deaths occurred in men, age-specific proportional mortality rates for men in
2002 were used to calculate the age-standardized expected number of all cancer
deaths and mesothelioma-specific deaths among nuclear and non-nuclear workers. The
results are given in Tables 9.8 and 9.9. The standardized mortality ratio (observed/
expected) was introduced in Chapter 2.

1 What do the results in Tables 9.8 and 9.9 show?

2 Discuss the possible sources of bias in this study that might have distorted the
results.

Fee db ac k

Your answers to the questions should be along the lines of the following:

1 These results show a 1.9-fold excess mortality from all cancers and 4.7-fold excess
mortality from mesothelioma among factory workers. These observed excess mortal-
ities are statistically significant since the probability of obtaining these differences by
chance is very low (P-value less than 0.001, i.e. less than 1 in 1000). There was no such
significant excess mortality from all cancers or mesothelioma among non-nuclear
workers.

2 There are two possible sources of bias in this study.

Selection bias. Only 28.5% (863/3026) of the total deaths were identified. These deaths
may not be a representative sample of all deaths. For example, the registrar may have
given special attention to recording the history of work at the factory for those who

Table  9.8 Observed and expected number of cancer deaths among factory workers

Cancer deaths

Exposure Observed Expected Observed/expected P-value

Workers exposed to asbestos 42 21.8 1.9 <0.001
Workers not exposed 81 70.1 1.2 0.20

Table  9.9 Observed and expected number of mesothelioma deaths among factory
workers

Mesothelioma deaths

Exposure Observed Expected Observed/expected P-value

Nuclear workers 7 1.5 4.7 <0.001
Non-nuclear workers 3 3.3 0.9 0.96
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had died of cancer. Relatives of the deceased men were contacted for only 46.6% (402/
863) of the identified deaths. The distribution of causes of death among workers whose
relatives were contacted could be different from that among workers whose relatives
were not contacted. For instance, it may have been easier to contact relatives of those
who died of cancer because their addresses were clearly recorded for future reference
purposes. On the other hand, they may have been more likely to move out of the area
due to health problems.

Information bias. The relatives may not have accurately recalled the exposure status of
the deceased men. For example, the relatives of men who had died of cancer were
more likely to recall that the deceased worked with asbestos than the relatives of those
who had died of other causes.

Summar y

You sh ould  n ow be aware th at  th e resu lts of an y epidem iological study h ave to be
in terpreted  with  cau tion . Alth ough  m ost in vest igators aim  to get  rid  of bias, to
con trol for con foun din g, an d to ru le ou t  th e role of ch an ce, it  is worth wh ile
reassessin g th ese issues wh ile in terpretin g an d applyin g th e resu lts in  an y given
situation .

You sh ould  be able to d iscuss th e d ifferen t  types of bias th at  can  d istort  th e resu lts
of ep idem iological studies.

You sh ould  also un derstan d h ow a con foun din g variable provides an  altern ative
explan ation  for an  observed associat ion  between  an  exposure an d an  ou tcom e.

You sh ould  un derstan d th e role of ch an ce, an d be able to describe th e steps
in volved in  determ in in g wh eth er or n ot  an  associat ion  between  an  exposure an d
an  ou tcom e is causal.
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Over view

Havin g learn ed about th e d ifferen t  m easures of risk in  a population  (relat ive an d
absolu te risk), we will n ow discuss h ow differen t  public h ealth  strategies can  be
used to reduce th e risk of a kn own  exposure. We will also learn  about th e th ree
levels of d isease preven tion , described as prim ary, secon dary an d tert iary preven -
t ion . Screen in g for d isease is a m ajor com pon en t of secon dary preven tion  an d is
d iscussed furth er in  Ch apter 11.

Learning object ives

After  working through this chapter, you will be bet ter  able to:

• understand the different  approaches to prevent ion, where st rategies are
directed at  either  high r isk individuals or  t he general populat ion

• understand the terms pr imar y, secondar y and ter t iar y prevent ion.

Prevent ive medicine

Th e aim s of preven tive m edicin e an d public h ealth  strategies are to prom ote good
h ealth  an d to preven t d isease. Public h ealth  profession als develop  an d dissem in ate
in form ation  on  beh aviours th at  prom ote good h ealth  an d reduce th e risks of
developin g disease as well as on  exposures th at  m ay predispose to th e developm en t
of a con dit ion .

Epidem iological studies gen erate an d test  h ypoth eses on  th e causes of d isease an d
can  provide th e public an d policy m akers with  quan titat ive in form ation  on  th e
risks posed by certain  beh aviours an d exposures. Th is in form ation  can  be used at
an  in dividual level to im prove h ealth  an d reduce d isease risks (e.g. an  in dividual
m ay adopt a low salt  d iet) or can  form  part  of public h ealth  policies aim ed at
im provin g th e h ealth  of wh ole population s (e.g. th e fluoridation  of water). Public
h ealth  strategies can  be aim ed at  th e gen eral population  or can  be targeted  at  th ose
in dividuals con sidered to be in  a h igh  risk group. Th e d ifferen ces between  th ese
two population  approach es, an d th eir advan tages an d disadvan tages, will be
discussed in  th is ch apter.
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Approaches to prevent ion

Wh en  we con sider th e preven tion  of d isease, it  is usefu l to use a con cept first
developed by Leavell an d Clark (1965), wh ich  describes th ree levels of preven tion :
prim ary, secon dary an d tert iary. Th is con cept rests on  an  un derstan din g of th e
causes of th e d isease in  quest ion  an d kn owledge of its n atural h istory. Th e level of
preven tion  used in  preven tive m edicin e or public h ealth  strategy will depen d on
th e stage of th e d isease.

Primary prevention

Th e aim  of prim ary preven tion  is to preven t a d isease becom in g establish ed. It  aim s
th erefore to reduce or elim in ate exposures an d beh aviours th at  are kn own  to
in crease an  in dividual’s risk of developin g a d isease. Exam ples in clude preven tin g
exposure to lead  in  th e atm osph ere, prom otin g th e use of barrier con traception  an d
avoidin g exposure to tobacco sm oke. Wh en  provided with  in form ation  on  risks,
in dividuals can  m ake decision s to ch an ge th eir lifestyle an d m odify a beh aviour,
such  as decreasin g weekly in take of alcoh ol. Prim ary preven tion  at  a population
level m ay requ ire societal ch an ges to support  th em  – for exam ple, regu latin g
tobacco advert isin g, im posin g taxes, or in creasin g th e price of tobacco products.
All th ese m eth ods are an  at tem pt to d iscourage th e uptake an d con tin ued use of
tobacco.

Prim ary preven tion  strategies can  be aim ed at  th e gen eral population  (e.g. prom ot-
in g a h ealth ier, low fat  d iet) or can  be targeted  at  h igh  risk groups (e.g. en couragin g
overweigh t  in dividuals to take part  in  a weigh t loss program m e). Oth er prim ary
preven tion  strategies in clude ch ildh ood im m un ization  program m es an d laws to
m an date th e use of seat  belts an d m otorcycle crash  h elm ets as well as education
strategies to in form  th e public of th e risks of tobacco use.

Secondary prevention

Th e aim  of secon dary preven tion  is to detect  early d isease an d to slow down  or h alt
th e progress of th e d isease. On ce a d isease h as becom e establish ed, it  will progress
un til it  is clin ically detectable, alth ough  an  in dividual m ay be asym ptom atic at  th is
stage. Kn owledge of th e n atural h istory of d isease can  lead  to th e developm en t
of screen in g tests to detect  th ese early stages of d isease, or pre-d isease states.
An  exam ple is th e detection  of bowel polyps, wh ich  are kn own  to develop  in to
colorectal can cers. In  th e case of colorectal can cer, a h igh -risk secon dary preven -
t ion  strategy is already in  p lace in  som e in dustrialized  n ation s, with  in dividuals
with  a fam ily h istory of th e d isease bein g in vited  to at ten d screen in g. An oth er
exam ple of secon dary preven tion  would  be advice to reduce excess weigh t, h igh
blood pressure or h igh  ch olesterol before clin ical sym ptom s m an ifest  th em selves.
A m ajor com pon en t of secon dary preven tion  is screen in g, wh ich  uses available
tests to detect  early stages of a d isease process an d offer treatm en t th at  will
ben eficially alter th e n atural course of th e d isease. Screen in g is d iscussed furth er in
Ch apter 12.
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Tert iary prevention

Wh en  disease is establish ed, detectable an d sym ptom atic, tert iary preven tion  aim s
to reduce th e com plication s or severity of d isease by offerin g appropriate treat-
m en ts an d in terven tion s. For exam ple, ren al d isease an d glaucom a, both  com plica-
t ion s of un con trolled  d iabetes, m ay be preven ted  in  th e d iabetic patien t  if blood
glucose levels are successfu lly regu lated  th rough  th e use of in su lin  an d/or d ietary
restrict ion s.

In  sum m ary, wh ile prim ary preven tion  h opes to stop diseases developin g in  th e
first  p lace, secon dary an d tert iary preven tion  strategies aim  to alter th e course of a
disease already presen t , offerin g th e patien t  a better ou tcom e an d quality of life.

The prevent ion paradox

In dividuals an d th e gen eral public can  m ake decision s to m odify th eir beh aviour
with  respect  to kn own  risk factors in  th e h ope of avoidin g d isease. Th e paradox of
th is approach , h owever, is th at  th e m ajority are un likely to ben efit  d irect ly from
th is ch an ge in  beh aviour. An  in dividual’s decision  to reduce th eir daily salt  in take
m ay on ly h ave a sm all im pact  on  th eir risk of developin g h yperten sion , bu t  if a
large proportion  of th e population  reduce th eir salt  in take, th e com m un ity’s
experien ce of h yperten sion  will be reduced. If a large n um ber of in dividuals each
reduce th eir risk sligh tly, th e wh ole population  m ay sh ow a large reduction  in  risk,
an d th is is often  described as th e prevention paradox.

How can  a preven tion  strategy h ave lit t le effect  on  th e risk experien ced by an
in dividual bu t  h ave a large effect  on  th e experien ce of a com m un ity? We will
d iscuss an  exam ple below to illustrate th e preven tion  paradox.

Maternal age and r isk of Down’s syndrome

In  som e h igh  in com e coun tries wom en  in  early pregn an cy are offered  pren atal
screen in g for Down ’s syn drom e, a con gen ital abn orm ality, after wh ich  th ey can
m ake a decision  wh eth er to con tin ue with  th eir pregn an cy.

Th e risk of givin g birth  to a baby with  Down ’s syn drom e in creases rap idly with  age
an d, un til recen tly, it  h as been  widely accepted  th at  on ly wom en  above a certain
age would  be offered  th e test  – in  oth er words, wom en  for wh om  th e in dividual cost
of th e test  just ifies th e poten tial ben efits. If we assum ed th at  th e screen in g test  for
th is con dit ion  h ad h igh  sen sit ivity (see Ch apter 12) an d was able to accurately
detect  a large proportion  of fetuses with  Down ’s syn drom e, we would  expect
screen in g to h ave a sign ifican t  im pact  on  th e n um ber of babies born  with  Down ’s
syn drom e. However, th e paradox lies in  th e fact  th at  m ost  babies with  Down ’s are
delivered  by youn ger wom en , as a larger n um ber of youn ger wom en  give birth  (see
Table 10.1). For th ese youn ger wom en , th e in dividual risk is low an d th e in dividual
an d social costs of screen in g m ay n ot  just ify th e in dividual gain . Th e social costs of
screen in g in clude th e associated  an xiety of un dergoin g m edical tests, an d th e
poten tial to lose th e baby. Th e decision  to term in ate a pregn an cy will be a very
difficu lt  on e to m ake an d, in  a sm all proportion  of cases, a false posit ive test will
lead to th e term in ation  of a h ealth y fetus. Wh en  con siderin g wh eth er to un dertake
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a test  for Down ’s syn drom e, th e paren ts n eed to con sider wh eth er th e in form ation
will ch an ge th e ou tcom e of th e pregn an cy.

We can  see from  Table 10.1 th at  screen in g older wom en  (aged 35+) will on ly resu lt
in  a sm all reduction  in  th e n um ber of babies born  with  Down ’s syn drom e. It  is for
th is reason  th at  a n um ber of screen in g tests, wh ich  lower th e in dividual costs an d
provide an  accurate pren atal d iagn osis, are bein g con sidered for m ore widespread
adoption . A t in y reduction  in  th e risk for th e m ajority of pregn an t wom en  m ay lead
to a substan tially lower n um ber of babies bein g born  with  Down ’s syn drom e. In  th e
UK, th e Nation al Screen in g Com m ittee h as recom m en ded th at  all p regn an t
wom en , irrespective of age, sh ould  be offered  screen in g for Down ’s syn drom e.

High ris k str at eg ie s ver su s po pu la tio n st ra te gi es

As illustrated  in  th e exam ple above, a preven tion  strategy can  be targeted  at  th e
wh ole population  or at  h igh  risk groups. Th ere are n o qu ick an swers to th e question
of wh ich  strategy to adopt, an d in  order to develop  th e m ost  appropriate strategy
we n eed to h ave an  idea of th e im pact  of th e policy an d h ow an d wh ere it  m igh t
be in st itu ted . If we con sider a risk factor th at  is n orm ally d istribu ted  in  th e
populat ion , we m ust ask wh eth er it  would  be m ore ben eficial to target  th e sm all
proportion  of th e populat ion  wh o fall in  th e tails of th is n orm al d istribu tion , or
wh eth er to aim  to im prove th e posit ion  of th e wh ole population  by sh ift in g th e
wh ole d istribu tion  in  th e desired  d irection .

To an alyse th e poten tial im pact  of a preven tion  strategy, we n eed to exam in e th e
ability of d ifferen t  defin it ion s of h igh  risk to predict  th e on set  of d isease. In  th e
exam ple below, we use data from  a study on  th e risk factors for h eart  d isease an d
m yocardial in farct ion  to assess th e im pact  of two h igh  risk preven tion  strategies.

Risk  fac to rs  for  he ar t di se as e an d he ar t at ta ck

A n um ber of factors h ave been  iden tified as risk factors for h eart  at tack (m yocardial
in farction  (MI), in cludin g sm okin g, raised  blood pressure, h igh  ch olesterol an d
psych osocial stress. We will look at  data from  a study wh ich  looked at  th ree of th ese
risk factors. Th e risk of MI in creases with  th e n um ber of risk factors to wh ich  an

Table  10 .1 The risk of a Down’s syndrome pregnancy, by maternal age

Maternal age % of all births in the
population

No. of Down’s syndrome
births /1000 pregnancies

% of all Down’s
syndrome births

Under 20 9 0.4 5
20–24 30 0.4 17
25–29 34 0.5 25
30–34 19 1.0 27
35–39 6 2.2 18
40–44 1 5.1 7
45+ 0.1 8.1 1
All ages 100 0.7 100

Source: Rose (1992)



Risk assessment and prevention studies 11 7

in dividual is exposed, an d th e presen ce of early sign s of d isease (see Table 10.2). If a
preven tion  strategy focused on  in dividuals with  elevated  risk factors, on ly 15% of
m en  would  qualify.

Follow-up of th e coh ort  in  th is study sh owed th at  on ly 7% of th e m en  with
elevated  risk factors developed an  MI, with  93% rem ain in g well. Th is tells us th at
if h igh  risk is defin ed broadly, m ost  in dividuals will n ot  go on  to develop  th e
outcom e of in terest .

If th e defin it ion  of h igh  risk in cluded in dividuals with  exposure to risk factors an d
th e sign s of early h eart  d isease, alth ough  th e risk of death  from  MI is h igh er (22%),
th e data suggest  th at  on ly 12% of MIs occur in  th is group an d so 88% of MIs would
n ot be preven ted .

As th e vast  m ajority of MIs occur in  m en  wh o do n ot  appear to be in  a h igh  risk
group, in  th is case a prim ary preven tion  strategy would  be aim ed at  th e wh ole
populat ion , at tem ptin g to sh ift  th e d istribu tion  towards th e lower levels of all
iden tified risk factors. Usin g th e data in  th is study, we can  see th at  up  to 68% of MIs
occur in  m en  wh o do n ot  h ave eith er exposure to risk factors or sign s of early
disease. If all efforts were focused on ly on  th ese h igh  risk m en , even  if preven tion
was 100% effective, th e public h ealth  im pact would  be sm all. If a population -wide
strategy were pu t  in to p lace an d all m en  over a certain  age m odified th eir
beh aviour, even  by a lit t le, th e public h ealth  ben efit  cou ld  be sign ifican t .

The hig h ris k app roa ch

Th is approach  requ ires con sideration  of wh ich  populat ion  sh ould  be targeted  in
an y preven tion  strategy by lookin g at  th e in ciden ce of kn own  risk factors an d
disease. As in  th e earlier exam ple, in form ation  on  th e prevalen ce of risk factors
an d of th e d isease in  question  allows us to calcu late th e proportion  of cases th at
would  be preven ted  usin g differen t  strategies. We also n eed to con sider h ow an d
wh en  strategies can  be im plem en ted, an d wh eth er th ey sh ould  take p lace in  th e
com m un ity, with in  h ospitals or prim ary h ealth  care.

Preven tion  strategies, especially th ose prom oted by govern m en ts an d m edical
practit ion ers, ten d to focus on  th e h igh  risk approach , targetin g in dividuals wh o
are kn own  to be at  an  in creased risk for a part icu lar d isease. Th e rat ion ale for
im plem en tin g a targeted  approach  is th at  it  will be m ore cost-effective th an  a
populat ion  approach  as th ere is an  in creased likelih ood th at  in dividuals wh o rec-
ogn ize th ey are in  a h igh  risk group will com ply an d th erefore ben efit  from  th e
in terven tion . Also, as we h ave previously d iscussed, th e h igh  risk in dividual is m ore

Table  10 .2 Predicted risk of myocardial infarction in relation to risk factors for heart disease

Exposure Percentage of men Percentage of men later
suffering a heart attack

Percentage of all
attacks occurring in
this group

All men 100 4 100
Elevated risk factors 15 7 32
Elevated risk factors
and early disease

2 22 12

Source: Rose (1992)
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likely to ben efit  from  m odifyin g th eir beh aviour. A focus on  th e in dividual is per-
ceived to be easier to prom ote as th e im pact of h igh  risk beh aviours is m ore appar-
en t  to th ose at  greatest risk. An oth er ben efit  of th e h igh  risk approach  is th at  it  fits
in  with  society’s perception  of th e role of m edical in terven tion  an d so focuses
on  n eedy in dividuals, rath er th an  aim in g to ch an ge th e beh aviour of th e wh ole
populat ion  to ach ieve gen eral h ealth  gain s.

Limita tio ns  of th e hig h ris k app roa ch

Th e h igh  risk approach  m ay n ot be appropriate in  circum stan ces wh ere a sm all risk
affects a large proportion  of th e population  an d will th erefore gen erate a large
n um ber of cases.

Th e h igh  risk approach  also h as oth er weakn esses. In  assessin g wh eth er an
in dividual is in  a h igh  risk group, th e tests used h ave to h ave sufficien t  sen sit ivity
an d specificity (see Ch apter 12) to con fer an  accurate d iagn osis. Labellin g in di-
viduals as h igh  risk can  be st igm atizin g, an d m islabellin g can  cause un n ecessary
an xiety in  h ealth y in dividuals. On ce epidem iological studies h ave iden tified risky
an d h ealth y beh aviours, it  cou ld  be argued th at  all in dividuals sh ould  be privy to
th is in form ation  an d be able to im prove th eir gen eral h ealth . With  a h igh  risk
strategy for preven tion , th e posit ive m essages of a h ealth ier lifestyle m ay on ly
reach  a sm all p roportion  of th e population .

An oth er lim itat ion  of th is approach  is th at  it  does n ot , gen erally speakin g, seek to
ch an ge th e circum stan ces th at  en courage exposure to a kn own  risk factor, it  on ly
looks to ch an ge th e exposure. Th e h igh  risk approach  h as been  described by Rose
(1992) as ‘palliat ive an d tem porary’ as it  does n ot  address th e root  causes of a risky
exposure. An  exam ple h ere would  be an  in terven tion  to vaccin ate people at  risk of a
water-born e d isease with out efforts to im prove th e quality of th e local water supply.

To com ply with  a public h ealth  in terven tion , an  in dividual m ay well wan t to kn ow
th e absolu te risk th ey h ave of developin g a d isease an d by h ow m uch  th ey are likely
to reduce th eir risk if th ey m odify th eir beh aviour. Un fortun ately, at  an  in dividual
level, it  is often  very difficu lt  to quan tify th e ch an ge in  risk th at  a person  m igh t
expect  as a resu lt  of ch an gin g beh aviour. High  risk strategies can  be expen sive to
im plem en t an d m ay on ly con tribu te m argin ally to d isease con trol if th e strategy is
on ly able to iden tify a sm all proportion  of th ose at  risk. In form ation  on  th e d istri-
bu tion  of risk an d exposure an d an  affordable an d effective in terven tion  are n eeded
to en sure th at  h igh  risk strategies can  h ave a sign ifican t public h ealth  im pact .

The po pu lat ion  app roa ch

Th e m ost  im portan t  feature of th e population  approach  to preven tion  is th at  it
recogn izes th at  con siderable reduction s in  public h ealth  risk can  be ach ieved by
influen cin g ch an ge at  a population  rath er th an  in dividual level. Wh ere th ere is a
clear dose–respon se relat ion sh ip  with  th e ou tcom e of con cern  – for exam ple, blood
pressure – a sh ift  in  th e wh ole populat ion  towards lower levels is desirable. It  is
im portan t  to n ote th at  kn owledge of th e dose–respon se curve is n ecessary, as th ere
m ay be h ealth im plicat ion s for patien ts in  th e tails of th e d istribu tion .
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An  exam ple would  be body m ass in dex (weigh t in  kilogram s divided by th e square
of h eigh t in  m etres), wh ere a low value cou ld  be as h arm ful as a value above th e
accepted  n orm . We h ave d iscussed som e of th e weakn esses of th e populat ion
approach  in  term s of difficu lt ies m otivatin g th e overt ly h ealth y in dividual at  low
risk, bu t  th is approach  can  be very ben eficial in  situation s wh ere th ere is a clear
in crease in  risk for a given  in crease in  th e level of th e exposure.

In  sum m ary, th e population  approach  influen ces ch an ge towards a h ealth ier
society an d recogn izes th e lim ited  im pact of an  approach  aim ed at  th e in dividual.

Doctors typically classify people as bein g ‘sick’ or ‘n ot  sick’, ‘d iseased’ or ‘n ot
diseased’. Th is is n ecessary to th e d iagn ostic an d treatm en t process: decision s n eed
to be m ade wh eth er or n ot  to adm it  a patien t , wh eth er or n ot  to prescribe a drug, or
wh eth er or n ot  to perform  an  operation . Alth ough  we often  n eed to m ake
decision s, th is approach  gives lit t le recogn it ion  to th e d isease process an d h ow it
m an ifests in  population s.

For m an y ‘con dit ion s’, th ere are ‘degrees of ill h ealth ’. Disease or ill h ealth  is n ot
sim ply presen t  or absen t. An  exam ple is obesity: bein g sligh tly overweigh t can
m erge with  bein g m ore overweigh t wh ich  can  m erge with  bein g labelled  ‘obese’
un less th e sam e tech n ical defin it ion  is used un iversally.

Th e sam e applies to th e presen ce of risk factors for d isease: in dividuals are n ot
sim ply exposed or n ot  exposed, bu t  m ay be exposed to varyin g degrees. Furth er-
m ore, h ow exposure to th ese risk factors is d istribu ted  with in  th e population ,
an d h ow disease ou tcom es relate to th e presen ce of th e risk factor, will h ave an
influen ce on  th e preven tive strategy we adopt.

Rose (1992) argued th at  as d isease an d ill h ealth  com e in  all grades of severity th e
task of preven tive m edicin e becom es m ore com plex. It  is n ot  on ly th e extrem e
cases of d isease th at  requ ire our at ten tion , bu t  also th e m uch  larger proport ion  of
people with  som e features of a part icu lar d isease.

Wh en  describin g th e preven tion  paradox, we saw th at  a large n um ber of people
m ust take precau tion s in  order to preven t  illn ess in  on ly a few, an d th at  th ose few
with  very h igh  risk factors m ay n ot ben efit  m uch  th em selves from  part icipatin g in
preven tive in it iat ives wh ich  are d irected  prim arily at  th e gen eral population .

Som e preven tive m easures can  on ly be im plem en ted on  a m ass scale, for exam ple,
th e fluoridation  of water to preven t tooth  decay, legislat ion  on  en viron m en tal
m atters to con trol air pollu tion , an d th e widespread use of h ealth  education
th rough  th e m ass m edia to in form  people h ow to avoid  exposure to th e HIV virus.

In  con trast , certain  preven tive policies are d irected  m ore specifically at  th ose at
h igh  risk of th e d isease in  quest ion . Attem pts to in crease th e efficien cy of services
h ave also led  to a greater degree of targetin g: gett in g th e in terven tion  to th ose wh o
are likely to sh ow th e greatest  ben efit . Th e h igh  risk strategy im plies iden tification
of th e m in ority th at  are at  in creased risk. How appropriate th is is depen ds on  h ow
easy it  is to iden tify in dividuals at  h igh  risk an d h ow easy it  is to d ifferen tiate th em
from  th e m ajority.

Th e sh ape of th e dose–respon se curve is an  im portan t  influen ce on  strategies for
preven tion .
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Activ ity  10 .1
Describe each of the dose–response relationships shown in Figure 10.1 and their
implications for prevention policy.

Fee db ac k

Your answers should be along the following lines:

1 a) Exposure increases without adverse effects until a particular level is reached. For
example, an increase in intra-ocular (inside the eye) pressure is not dangerous
until it exceeds certain levels; at those levels, the incidence of glaucoma (increased
pressure in the eye, eventually leading to loss of sight) rises rapidly. In this case,
keeping pressures below a certain level is desirable, but there is little point in being
much below the danger level. At the same time, however, we must recognize that
the level at which adverse effects become manifest is derived from whole popula-
tions: among individuals, some will have adverse outcomes at lower than this level
and some will be well despite being above this level.

b) This shows a linear dose–response relationship (more accurately described here
as an exposure–response relationship). The greater the exposure, the greater the
risk: there is even an increased risk at very low exposure levels, as with cigarette
smoking and the risk of lung cancer. Even with the small amounts of tobacco
smoke associated with passive smoking, there is an increased risk of lung cancer.
There is no such thing as a safe exposure level. Total removal of the hazard would

Fi gu re 10 .1 Schematic models of four possible relationships between exposure to a cause
and the associated risk of disease

Source: Rose (1992)
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require an end to all exposure. Shifting people’s exposures towards lower levels will
invariably bring beneficial effects, so this should be the public health objective.

c) A curved relationship of exposure to risk is usually a more accurate description
than the oversimplified linear exposure–response relationship. For example, the
incidence of Down’s syndrome increases over the whole range of maternal age,
but the slope is shallow below the age of around 30 years. Thereafter, the risk of
having a baby born with Down’s syndrome begins to increase and it may be
desirable to screen all women over this age.

d) This is more complex. It fits in with the lay view that ‘moderation is good;
extremes are bad’. It shows a wide band of exposures during which exposure
carries no increased risk of disease. For example, for a given body size,there are a
wide range of weights which carry no increased risk of disease. At the extremes of
low weight and high weight, however, there may be associated disease hazards. A
policy which sought to decrease body weight for the entire population might shift
some people into the extreme range associated with increased levels of mortality.
For this dose–response pattern there are problems inherent in shifting entire
populations by too large a degree in either direction.

An oth er exam ple m ay be alcoh ol an d h eart  d isease. High  in takes of alcoh ol m ay
h ave adverse effects on  h eart  d isease an d oth er h ealth  problem s (violen ce, road
traffic acciden ts, etc.). Alth ough  n ot con clusive, th ere is som e eviden ce to suggest
th at  m odest  alcoh ol in take m ay h ave a protective effect  for th e risk of h eart  d isease.
It  is th erefore desirable to en courage people to reduce th eir alcoh ol in takes, bu t  it  is
perh aps un desirable to en courage th em  to take n o alcoh ol at  all. Th e h ealth  prom o-
tion  m essages th erefore n eed to be m ore soph ist icated  an d com plex m akin g it  m ore
difficu lt  to appropriately in form  people an d en courage h ealth y beh aviour.

Activ ity  10 .2
Figure 10.2 contrasts distributions of serum cholesterol in Japan and Finland.
In what ways do differences in the distibution of a risk factor influence your choice of
strategy?

Fi gu re 10 .2 Distribution of cholesterol levels in Japan and Finland

Source: Rose (1992)
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2 If one finds significant differences between populations, it suggests that some factor
operating at the community level is important: there may be a genetic explanation, or
differences between behaviour and/or environment of the populations (Figure 10.2).
The latter two explanations would provide support for a population strategy: they
suggest that the entire distribution of an exposure in a population can be shifted in a
favourable (more healthy) direction if appropriate prevention policies are adopted.

There is also a suggestion that the most extreme degree of variation is in part deter-
mined by where the majority lie. This suggests, furthermore, that moderate change by
the population as a whole might greatly reduce the number of people with the most
conspicuous, extreme characteristics. Finally, it is possible to show that when many
individuals each receive a little benefit, the total benefit to the whole population may be
large.

Summar y

In  th is ch apter you  h ave learn ed h ow in form ation  on  exposures an d disease can  be
used by in dividuals to im prove th eir gen eral h ealth  or can  form  part  of public
h ealth  strategies aim ed eith er at  th ose at  h igh  risk or at  th e gen eral populat ion .

A public h ealth  policy m ust  be effective, in  th at  it  does wh at it  purports to do,
sh ould  be cost-effective an d also acceptable to th e population  (in dividuals m ay
fin d som e in vasive tests un acceptable).

In  som e circum stan ces, a preven tive strategy con cen trat in g on  h igh  risk in di-
viduals will be better th an  a gen eral un targeted  approach . It  would , for exam ple,
n ot  be worth wh ile screen in g th e wh ole population  for a d isease in  wh ich  th e
in ciden ce was low below a certain  age.

In  term s of acceptability h owever, it  m ay be st igm atizin g to focus on  h igh  risk
groups. An  overweigh t  in dividual, for exam ple, m ay feel excluded in  social
situation s if th ey h ave to adopt a d ifferen t  d iet .

In  preven tion , it  is possible th at  a gen eralized  m essage can  be as poten t  an d as valid
an d possibly as effective as on e th at  con cen trates on  in dividuals. In  practice, a
com bin ation  of both  approach es is often  th e m ost  powerfu l.
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11 Ep idemiologic al su r vei lla nc e
an d rou tin e da ta

Over view

By n ow you  sh ould  be fam iliar with  th e prin cip les an d m eth ods of ep idem iological
research . You  sh ould  also be able to in terpret  th e resu lts of ep idem iological studies
an d con sider h ow th ey cou ld  be used to in form  public h ealth  strategies. In  th is
ch apter, you  will learn  about public h ealth  surveillan ce, wh ich  describes th e
in form ation  system s an d in frastructure used by public h ealth  agen cies to m on itor
th e h ealth  of th eir com m un it ies. Most  coun tries, for exam ple, h ave system s in
place to m on itor com m un icable d iseases an d to allow th e in vest igation  of d isease
outbreaks. Data collected  rou tin ely th rough  surveillan ce can  also be used in  ep i-
dem iological research , an d we will explore som e of th e uses of th ese data an d th eir
lim itat ion s.

Le ar nin g ob je ct ives

Afte r worki ng  th rou gh  th is ch apt er  you  will be  able  to :

• de sc rib e th e pu rp os es  an d metho ds  of  pu blic  he alt h su r vei lla nc e
• de sc rib e some ty pe s of  rou tin ely co lle ct ed  da ta
• dis cu ss  th e ad va nt ages  an d limita tio ns  of da ta  ob ta in ed  from thes e

rou tin e so urce s.

Pu blic  he al th  su r veil la nc e

Surveillance is th e exam in ation  of th e occurren ce an d tran sm ission  of d isease. You
saw an  early exam ple of surveillan ce in  Ch apter 1. Th rough  m on itorin g th e d istri-
bu tion  an d frequen cy of d isease an d th e availability of data on  th e population  an d
m ortality, Joh n  Sn ow was able to gen erate an d test  h is h ypoth eses on  drin kin g
water as th e cause of an  epidem ic of ch olera in  Lon don  in  th e early 1850s.

Sn ow used wh at we n ow term  a spot m ap (see Figure 1.5) to p lot  th e geograph ical
location  of all ch olera death s in  an  area of cen tral Lon don . He also determ in ed th e
source of th e water supply for every h ouseh old  in  th e area in  order to test  h is
h ypoth esis th at  th e supply of water from  th e South wark an d Vauxh all water com -
pan y was th e source of th e d isease. In  th is way, Sn ow was able to use data to ch art
th e em ergen ce of an  ou tbreak of d isease. He was also able to ascertain  th e cause of
th e ou tbreak an d advise on  h ow th e ep idem ic cou ld  be con trolled .

On e h un dred an d fifty years later, we st ill use th e m eth ods developed by Sn ow to
ch art  th e em ergen ce of d isease th reats with  wh at we term  public health surveillance,



12 4 Introduction to epidemiology

wh ich  is defin ed as th e system atic, con tin uous m on itorin g of th e in ciden ce an d
tran sm ission  of d isease. Disease surveillan ce system s provide t im ely in form ation
on  wh ich  to base public h ealth  terven tion s to con trol th e spread of com m un icable
diseases.

As well as local d isease surveillan ce in  various coun tries, th e World  Health
Organ ization  (WHO) coordin ates a n um ber of surveillan ce strategies aroun d th e
world  an d also works to stren gth en  th e capacity of coun tries to con duct  effective
surveillan ce activit ies. You  can  fin d ou t m ore about global com m un icable d isease
surveillan ce an d respon se by visit in g th e WHO website: h t tp :/ /www.wh o.in t /csr/
labepidem iology

Pu rp os es  an d metho ds  of  su r veil la nc e

Surveillan ce requ ires th e system atic collection , an alysis, in terpretat ion  an d dis-
sem in ation  of h ealth  data an d is essen tial to th e p lan n in g, im plem en tation , an d
evaluation  of public h ealth  policies an d practices. Surveillan ce system s can  detect
an d verify em ergin g disease th reats an d in it iate th e appropriate public h ealth
respon se in  order to m in im ize th e im pact  of a d isease on  th e h ealth  of a population .

Most coun tries h ave system s in  p lace to m on itor certain  d iseases (e.g. m en in git is,
an th rax an d tubercu losis) th rough  m an datory report in g by h ealth  care providers,
in cludin g ph ysician s, laboratories, h ealth  cen tres an d h ospitals (n otifiable d is-
eases). Risk factors for d isease, such  as sm okin g an d alcoh ol con sum ption , are also
m on itored  to review population  beh aviours over t im e.

Th e developm en t of a surveillan ce system  requires clear objectives an d th e use of
strict  criteria with  wh ich  to iden tify an d classify d isease. Th e clear defin it ion  of a
case of d isease is vitally im portan t  to en sure accurate data are collected  an d is
usually based on  th ree criteria: clin ical fin din gs, laboratory resu lts to confirm  a
diagn osis, an d epidem iological data describin g th e t im e, p lace an d type of in di-
viduals affected . A stan dardized way of report in g d isease is very im portan t  if
au th orit ies are to h ave confiden ce in  th e data collected .

Surveillan ce system s are som etim es described as eith er act ive or passive. In  passive
surveillan ce, th e report in g of certain  d iseases is au tom atic an d rou tin e, with  an
obligation  on  h ealth  providers, laboratories an d h ospitals to n otify a cen tral public
h ealth  agen cy of all cases of a n otifiable d isease. Active surveillan ce is rarely carried
out rou tin ely an d m akes use of periodic visits to in st itu t ion s to collect  requ ired
data. Active surveillan ce m ay be used to m on itor th e spread of a n ew disease th reat
bu t is cost ly an d labour-in ten sive. Wh ile m an y effective surveillan ce system s are in
place aroun d th e world , we n eed to con sider th e fact  th at  th e proport ion  of n otifi-
able d isease th at  is reported  will vary an d surveillan ce is un likely to capture all
d isease. Estim ates of d isease in ciden ce in  a population  are th erefore likely to be
con servative.

Base lin e da ta

Th e regu lar, system atic an d accurate report in g of d isease allows th e epidem iologist
to determ in e th e usual (baselin e) rates of d isease in ciden ce in  a population . If
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disease tren ds are kn own  an d docum en ted, deviation s from  th e n orm  can  easily be
detected . A sudden  in crease in  th e in ciden ce of m easles in  a population , for
exam ple, can  th en  be in vestigated  an d reason s for th is postu lated , such  as a reduc-
t ion  in  th e uptake of th e m easles, m um ps an d rubella (MMR) vaccin e. Wh en  look-
in g at  rou tin e data, an y ch an ges in  th e way data are collected  or in  th e defin it ion  of
a case of d isease can  affect  th e observed rates of d isease in ciden ce. An y alterat ion s
sh ould  be docum en ted an d con sidered wh en  in terpret in g a ch an ge in  th e expected
in ciden ce of d isease.

Time tren ds

We can  n ow see h ow usefu l rou tin e d isease m on itorin g can  be in  detectin g a
sudden  variat ion  in  d isease in ciden ce. Not on ly can  it  can  h elp  iden tify ou tbreaks,
bu t  it  also allows us to look at  variat ion s in  d isease in ciden ce over t im e (time trends).
Th ese rou tin ely collected  data sources can  allow us to look at  th e im pact  of public
h ealth  in terven tion s – for exam ple, th e effect  of vaccin ation  policies or th e rem oval
of a poten tially h arm ful exposure.

We always n eed to carefu lly con sider all possible explan ation s for ch an ges in
disease in ciden ce over t im e. Observed in ciden ce m ay in crease, for exam ple, if
awaren ess of a con dit ion  is h eigh ten ed after a real, or suspected , ou tbreak. After an
outbreak, an  exam in in g doctor m ay be m ore likely to d iagn ose, an d so report , a
part icu lar d isease an d in ciden ce will appear to in crease. Th is bias is often  described
as case-ascertainment bias.

Pat te rn s of  di se as e

Wh en  lookin g at  rou tin e data over t im e, it  is in terest in g to n ote an y season al
variat ion  in  th e observed rates. A season al variat ion  in  cardiac m ortality, for
exam ple, h as been  n oted  in  both  th e n orth ern  an d sou th ern  h em isph eres, with
h igh er death  rates durin g win ter th an  sum m er m on th s (Seto et al. 1998; Eurogroup
1997). It  h as been  suggested  th at  falls in  tem perature m ay be respon sible for peaks
in  cardiac m ortality durin g win ter m on th s (Weerasign h e et al. 2002) an d, in terest-
in gly, t ren ds sh ow th at  win ter m ortality h as decreased over t im e with  im prove-
m en ts in  adequate h eatin g (Seretakis et al. 1997). Th e effect  of season ality h as also
been  sh own  to in crease with  age (Douglas et al. 1991). Expected  season al variat ion
m ust be in corporated  in to an y est im ates of th e usual (baselin e) in ciden ce of
disease, m ortality or h ospital adm ission  rate.

Types  of  rou tin e da ta

We h ave described public h ealth  surveillan ce m easures th at  m on itor th e in ciden ce
of d isease, h elp  predict  ou tbreaks an d lead  to th e in st igation  of m easures to con trol
th e spread of in fectious path ogen s. We will n ow discuss som e of th ese oth er sources
of rou tin e data th at  are collected  aroun d th e world , for exam ple, m ortality
stat ist ics, m orbidity stat ist ics, in cludin g data from  h ospitals an d disease registers,
an d population  data. As well as providin g a great  deal of baselin e descrip tive
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in form ation  on  th e h ealth  of a population , th ese data sources can  be used by th e
epidem iologist  to gen erate h ypoth eses on  th e causes of d isease. Th e accuracy of
rou tin e data will depen d on  th e level of in frastructure available to collect  th em  an d
also on  h ow th ey are used – th e greater th e use of a source of data, th e greater th e
in cen tive to en sure th at  th e data are com plete, valid  an d accurate.

Demograph ic  da ta

Populat ion  stat ist ics an d basic dem ograph ic data are essen tial to th e ep idem iolo-
gist . Wh en  describin g an d com parin g th e rates of d isease between  population s, we
n eed to kn ow th e size of th e local populat ion  to provide a den om in ator for est i-
m ates of prevalen ce an d in ciden ce. It  would  be m ean in gless to say th at  th ere are 43
cases of a d isease in  village A an d 107 in  village B with out calcu lat in g an d com par-
in g th e proportion  of th e residen t population s th at  are afflicted  by th e d isease in
question . If we h ave populat ion  est im ates of 1053 for village A an d 3568 for village
B, we can  calcu late th e d isease burden  an d see th at  th e prevalen ce of d isease is
h igh er in  village A (village A 4.1%, village B 3.0%).

Th e WHO publish es population  est im ates an d core h ealth  in dicators for all of its
192 m em ber states. Alth ough  n ot as detailed  as som e locally collected  data, th is
in form ation  is in valuable wh en  describin g th e relat ive burden  of d isease aroun d
th e world . Descrip tive data for on e coun try can  be com pared with  its geograph ical
n eigh bours usin g th e WHO data available on  th e In tern et  at  h t tp :/ /www3.wh o.in t/
wh osis/coun try/ in dicators

In  th e Un ited  Kin gdom  a cen sus of th e population  every 10 years provides a large
am oun t of descrip tive in form ation , wh ich  is used exten sively by both  policy
m akers an d research ers. As well as populat ion  est im ates by age, sex an d geo-
graph ical d istrict , th ere are also data on  eth n icity, religion , h ealth  status an d level
of education . Between  cen sus surveys an n ual stat ist ical projection s are m ade to
provide data for in terven in g years. Th e cen sus is adm in istered  an d an alysed by th e
Office for Nation al Stat ist ics (ONS) wh ich  also carries ou t  a m ult ipurpose con tin u-
ous survey called  th e Gen eral Househ old  Survey (GHS). Th e GHS collects in form a-
tion  on  a ran ge of topics from  em ploym en t an d education  to sports an d leisure,
tobacco an d alcoh ol con sum ption , m arital status an d use of h ealth  services. Th e
survey started  in  1971 an d collects data an n ually from  a sam ple of people livin g in
private h ouseh olds in  Great  Britain . Th ese data sources provide in sigh ts in to h ealth
status an d associated  ch aracterist ics.

Sin ce 1991, a series of surveys h ave been  carried  ou t  each  year by th e Departm en t of
Health  kn own  as th e Health  Survey for En glan d (HSE) wh ich  are design ed to pro-
vide regu lar in form ation  on  various aspects of th e n ation ’s h ealth . Th e surveys
con cen trate on  d ifferen t  dem ograph ic groups or d isease con dit ion s (an d th eir risk
factors) each  year an d look at  h ealth  in dicators such  as cardiovascu lar d isease,
ph ysical activity, eat in g h abits, oral h ealth , acciden t an d asth m a.

Sim ilar surveys are carried  ou t  in  th e USA (e.g. th e Nation al Health  an d Nutrit ion
Exam in ation  Survey) an d oth er in dustrialized  n ation s.
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Mor ta lit y da ta

As well as population  est im ates, m ost  coun tries collect  data on  date, age, sex an d
cause of death  th rough  official death  cert ification . Mortality data are a well-used
proxy m easure for th e level of d isease in  a population  an d can  allow com parison s of
disease-specific death  rates between  coun tries. In  th e UK, th e ONS produces gu ide-
lin es for doctors on  th e com pletion  of th e official Medical Cert ificate of Cause of
Death , an d h as gu idan ce on  wh ich  cert ificate to use (st illbirth , n eon atal or oth er
death  cert ificate), an d h ow th e cause of death  sh ould  be described. Routin e m ortal-
ity stat ist ics are usually based on  iden tifyin g a sin gle un derlyin g cause for each
death , an d th is is defin ed by th e WHO as:

a) th e d isease or in ju ry wh ich  in it iated  th e train  of even ts d irect ly leadin g to
death , or

b) th e circum stan ces of th e acciden t  or violen ce wh ich  produced th e fatal in ju ry.

Th e un derlyin g cause for death  is th e m ost  usefu l data source for public h ealth
purposes, bu t  as well as th is prim ary cause of death , sign ifican t con dit ion s or d is-
eases, for exam ple d iabetes, wh ich  m ay h ave con tribu ted  to death , will also be
recorded. To in crease th e valid ity of th e data collected , suspicious, un expected , or
violen t  death s are referred  to a coron er for fu rth er in vestigation . So th at  com par-
ison s can  be m ade, a sin gle stan dardized codin g system  is used wh en  death  cert ifi-
cates are collated . Train ed person n el use th e In tern ation al Classification  of Disease
(ICD), th e 10th  version  of wh ich  was publish ed in  1992, to code cause of death . Th e
WHO collates data on  registered  death s by age group, sex, year an d cause of death
for in dividual m em ber states as part  of its m an date to provide h ealth  in form ation
worldwide.

Completeness of mortality stat ist ics

‘Com pleten ess’ refers to th e proport ion  of all death s th at  are registered  in  a
populat ion . Alth ough  developed coun tries report  100% com pleten ess of death  cer-
t ification , in  low in com e coun tries report in g of death  m ay be poor. Com pleten ess
will be affected  by th e level of in frastructure in  p lace to cert ify an d collate data on
n um bers an d causes of death . Rural areas are likely to h ave fewer m edical practi-
t ion ers to cert ify death s, an d access to h ealth  services, wh ich  collate data, m ay be
difficu lt . In  som e parts of th e world , religious, cu ltu ral or polit ical pressures m ay
lessen  th e accuracy of death  cert ification  of d iseases th at  are deem ed to be socially
less acceptable. Religious or cu ltu ral beliefs m ay also lessen  th e use of n ecropsy to
determ in e cause of death  in  suspicious or violen t  circum stan ces.

We can  also con sider th e ‘coverage’ of m ortality data, est im ates of wh ich  are
calcu lated  by divid in g th e total an n ual death s reported  for a coun try by th e total
death s est im ated for th at  year for th e n ation al populat ion . Th e WHO estim ates
coverage rates, an d differen ces between  actual an d est im ated death s m ay be caused
by th e use of d ifferen t  population  den om in ators – for exam ple, th e in clusion  of th e
death s of n ation als dyin g abroad.

If we con sider th e process of registerin g an d collat in g data on  causes of death , we
can  see th at  th ere are m an y possible sources of error: th e accuracy of th e clin ical
d iagn osis, of com pletion  of th e registrat ion  of death  an d of its subsequen t codin g
all h ave to be con sidered wh en  usin g an d in terpretin g th ese data.
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Health indices derived from mortality data and their uses

Mortality data can  be used to calcu late a n um ber of h ealth  in dices. Neon atal an d
in fan t  death s h ave been  used over th e years as an  in dex of h ealth  an d th e provision
of m edical care to large population s. In  th e UK, in fan t  death s (death s un der 1 year
of age) h ave fallen  from  about 150 per 1000 live birth s in  th e m id-1850s to 5.3 per
1000 in  2003. Even  in  relat ively recen t years, m ortality h as fallen  dram atically from
18 per 1000 in  1970 to less th an  6 per 1000 by th e m id-1990s. Th is dram atic declin e
can  be regarded as eviden ce of im provem en ts in  m edical care, san itat ion  an d
h ousin g. Oth er rou tin ely publish ed in dices in clude m atern al an d ch ild  m ortality
an d stan dardized m ortality rat ios wh ich  we d iscussed in  Ch apter 2.

Morbi dit y da ta

Mortality data are a very usefu l source of in form ation  for th e research er, bu t  we
n eed to kn ow m ore th an  th e causes of death  in  a population . Wh at about th e
burden  of n on -fatal ch ron ic con dit ion s or th e in ciden ce of certain  can cers?
Kn owledge of th e d isease d istribu tion in  a population  can  h elp  govern m en ts
p lan  h ealth  services an d allocate m edical resources m ore effectively, as well as
allow th e ep idem iologist  to m ake h ypoth eses on  th e possible determ in an ts of
disease.

Communicable diseases

We h ave described th e im portan ce of surveillan ce system s to detect  ou tbreaks of
in fectious d isease. Data on  n otifiable d iseases are collected  an d reported  by public
h ealth  agen cies, for exam ple, th e Cen tre for Disease Surveillan ce an d Con trol
(CDSC), a d ivision  of th e Health  Protection  Agen cy, in  th e UK an d th e Cen ters for
Disease Con trol an d Preven tion  in  th e USA. In  th e UK th ere are 30 n otifiable d is-
eases, an d doctors are requ ired  by law to in form  th e local au th ority of all suspected
cases. Local au th ority officers are requ ired  to report  all cases of d isease to th e CDSC
every week. Th e CDSC th en  h as respon sibility for collat in g th ese weekly retu rn s
an d publish in g an alyses of local an d n ation al tren ds. Sim ilar system s are in  p lace in
coun tries aroun d th e world . Th rough  its Departm en t of Com m un icable Disease
Surveillan ce an d Respon se (CSR), th e WHO m on itors in tern ation al public h ealth
an d aim s to stren gth en  th e capacity of coun tries to con duct effective surveillan ce
activit ies.

Th e WHO plays a vital role in  m on itorin g global d isease ou tbreaks an d h as th e
au th ority to in terven e to lim it  th e spread of d isease from  on e coun try to an oth er. In
1948 th e WHO con stitu t ion  was publish ed, an d in  1951 m em ber states adopted  th e
In tern ation al San itary Regulation s, wh ich  were ren am ed th e In tern ation al Health
Regulat ion s in  1969. Th ese regu lation s were origin ally in ten ded to h elp  m on itor
an d con trol six serious in fectious d iseases aroun d th e world : ch olera, p lague, yel-
low fever, sm allpox, relapsin g fever an d typh us. Today, on ly ch olera, p lague an d
yellow fever are global n otifiable d iseases.

Effective system s m ay be in  p lace to m on itor d isease ou tbreaks, bu t  h ow confiden t
can  we be about th e data th ey provide? Notification  rates depen d prim arily on
wh eth er affected  in dividuals seek m edical advice. In  som e com m un ities, h ealth
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care providers m ay be d ifficu lt  to access or patien ts m ay be un aware of th eir con di-
t ion  an d so n ot  seek h elp . As we h ave d iscussed, in ciden ce rate est im ates rely on  th e
accurate d iagn osis of d isease an d th e in form ation  bein g passed to th e appropriate
agen cy.

Notification  of d isease is, h owever, on ly th e begin n in g; public h ealth  agen cies n eed
th e resources an d in frastructure to be able to act  on  th is in form ation  an d stop  th e
spread of th e d isease as qu ickly as possible. Health  care workers m ay be less likely
to report  d isease if th ey h ave lit t le confiden ce th ose agen cies will respon d an d
effectively curb th e d isease.

Health centre and hospital data

Health  care providers rou tin ely collect  data describin g th e n um bers an d types of
patien ts th ey see an d treat . Th ese activity data can  be very in terest in g to th e
research er. Can cer d iagn oses, for exam ple, are recorded in  registers to allow th e
m on itorin g of tren ds in  can cer in ciden ce, prevalen ce an d survival over t im e an d
allow th e ep idem iologist  to develop  h ypoth eses on  th e possible causes of d isease by
lookin g at  d ifferen t  local exposures. Sin ce th e 1960s, region al registries in  En glan d
h ave collected  in form ation  on  all can cers d iagn osed in  th eir area. Stan dardized
data are subm itted  to a cen tral agen cy, th e Nation al Can cer In telligen ce Cen tre
(NCIC) at  th e ONS, wh ich  th en  coordin ates collat ion  of th ese data an d carries ou t
secon dary an alysis an d research . Sim ilar system s are in  p lace in  Scotlan d an d Wales
(see h ttp :/ /www.publication s.doh .gov.uk/can cer/ in dex.h tm ). Data from  region al
registries can  also in form  th e evaluation  of th e effectiven ess of can cer preven tion
an d screen in g program m es.

Prim ary care or fam ily ph ysician s will keep  data on  patien ts’ con tacts an d, if
patien ts are adm itted  to h ospital, data are collected  on  th e len gth  of h ospital stay
an d th e in terven tion s, for exam ple surgical operation s, wh ich  take p lace. In form a-
tion  on  som e patien t  ou tcom es is also collected  so th at  h ealth  care providers can
m on itor th e quality of care. Both  th e h ealth  care provider an d user wan t to kn ow
h ow lon g patien ts are likely to stay in  h ospital an d wh eth er th eir operation  is
expected  to be a success. Kn owledge of survival rates is crucial. By an alysin g data on
outcom es from  previous patien ts, h ealth  care providers can  give patien ts usefu l
in form ation  bu t can  also p lan , m on itor an d im prove th eir services.

Hospital adm ission s for a part icu lar con dit ion  do n ot, h owever, provide accurate
est im ates of th e in ciden ce of d isease in  a population . Wh en  in terpretin g data from
h ealth  care providers, we n eed to be aware th at  th ese data m ay be influen ced by
factors oth er th an  un derlyin g disease m orbidity in  a populat ion . Patien ts wh o seek
tradit ion al th erapies or m edical t reatm en ts from  th e private or volun tary sectors
will n ot  be in cluded in  est im ates of d isease in ciden ce calcu lated  from  public
h ospital data.

Resources to provide h ealth  care are likely to be lim ited , so certain  criteria will h ave
to be m et before a patien t  is accepted  for treatm en t. Disease severity m ay be a
criterion , for exam ple, an d question n aires cou ld  be used to quan tify h ow m uch  a
con dit ion  affects a patien t’s life. Patien ts with  arth rit is, for exam ple, m igh t on ly
be con sidered for join t  rep lacem en t surgery after th ey reach  a certain  score on  a
m obility scale. Patien ts with  ben ign  prostate en largem en t are also on ly con sidered
for tran sureth ral resection  on ce th eir sym ptom s reach  a part icu lar level of severity.
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Estim ates of expected len gth  of stay in  h ospital m ay n ot  depen d en tirely on  th e
severity of th e d isease in  question . Th ey m ay also depen d on  th e level of support
available to a patien t  after th ey h ave been  disch arged. An  elderly patien t , for
exam ple, m ay be able to leave h ospital after a few days if th ey h ave th e support  of
fam ily wh ile th ey con valesce bu t  m ay h ave to stay in  h ospital for an  exten ded
period in  th e absen ce of support .

Addit ional sources of morbidity data

Man y coun tries h ave developed registers for ch ron ic con dit ion s such  as can cers
(m en tion ed above), d iabetes an d h eart  d isease. Disease registers can  allow th e
m on itorin g of patien ts over t im e an d can  be used to coordin ate recall of patien ts to
atten d h ealth  cen tres for regu lar ch eck-ups an d reviews of m edication .

Registers are also used for surveillan ce. In  th e UK, th e Nation al Con gen ital
An om aly System  (NCAS) was establish ed in  1964 in  respon se to th e th alidom ide
tragedy. Th alodom ide was licen sed for use by pregn an t wom en  to com bat m orn in g
sickn ess bu t  it  caused lim b m alform ation s in  th e un born  ch ild . Th e NCAS was set
up  to detect  n ew h azards an d h elp  preven t  a sim ilar t ragedy. Alth ough  th e m ain
purpose of th e NCAS is surveillan ce, it  also provides valuable birth  prevalen ce data
for En glan d an d Wales.

Australia’s North ern  Territory reports th e h igh est  publish ed in ciden ce of acu te
rh eum atic fever (ARF) in  th e world  am on gst  its Aborigin al population . Sin ce recur-
ren t  cases of ARF lead to cum ulative h eart  valve dam age, ARF is a sign ifican t cause
of cardiovascu lar m orbidity an d m ortality for th ese com m un it ies. Sin ce 1997, a
rh eum atic h eart  d isease con trol program m e h as establish ed a com puterized register
of all kn own  or suspected cases of ARF or rh eum atic h eart  d isease with in  th e region .
Th e register is used to im prove patien t  care, part icu larly secon dary preven tion , by
establish in g a rem in der system  for m on th ly pen icillin  in jection s an d oth er clin ical
follow-up by th e prim ary care system  an d to organ ize an d con duct  education
program m es.

Cont roll in g for  age an d ot he r co nfou nd er s

Th e in ciden ce or prevalen ce rates of d isease can  be calcu lated  if we h ave th e
n um ber of cases of a d isease an d an  est im ate of th e size of th e population  in  wh ich
th e cases were iden tified. Sin ce th ey do n ot take in to accoun t d ifferen t  age struc-
tu res in  th e populat ion , th ese rates are called  ‘crude’ est im ates (see Ch apter 2). By
lookin g at  category-specific m easures – for exam ple, age-related  in ciden ce rates –
we can  look at  th e pattern  of d isease in  a populat ion , to h elp  us to target  public
h ealth  in terven tion s. Alth ough  crude rates of d isease can  be a usefu l sum m ary,
com parin g crude m easures between  populat ion s can  be m isleadin g if th ese popula-
t ion s d iffer with  respect  to un derlyin g ch aracterist ics, such  as age or sex. Con trol-
lin g for con foun din g factors such  as age an d sex th rough  in direct  stan dardization
was dealt  with  in  Ch apter 2.
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Var ia tio n in  ava ila ble da ta

As we h ave d iscussed, th e type an d quality of rou tin e data in  term s of com pleten ess
an d valid ity depen d prim arily on  available resources. Som e low in com e coun tries
m ay on ly h ave th e fun ds an d in frastructure to collect  h igh  level data on  d isease
in ciden ce an d death . Th ose coun tries with  m ult icu ltu ral an d m ult in ation al popu-
lat ion s also fin d it  usefu l to look at  h ealth -related  data on  eth n icity to in vestigate
an y variat ion  in  d iagn oses an d use of services. Data can  also be com pared across
region s an d can  be lin ked to deprivation  scores. Data on  socioecon om ic status are
often  collected  an d so in equalit ies in  h ealth  an d th e use of h ealth  care can  also be
in vestigated .

In  oth er coun tries, data on  addit ion al descrip tive variables m ay be n eeded to
in vestigate th e burden  of d isease in  a com m un ity an d look at  th e pattern s an d
poten tial reason s for h igh  d isease in ciden ces or use of h ealth  services.

Value  of  rou tin e da ta

We h ave d iscussed som e of th e sources of rou tin e data an d h ow th ey m igh t be
used by a research er. We h ave also ou tlin ed som e of th e d ifficu lt ies in  in terpret in g
an alyses of rou tin e data. Th e m ost  valuable at tribu te of th ese data, h owever, is
th at  th ey are gen erally available at  lit t le or n o cost . Th ey supply us with  baselin e
in form ation  to describe a population , an d variat ion s in  h ealth  ou tcom e by age, sex,
eth n icity or geograph y, for exam ple, can  in st igate in vestigation s in to un derlyin g
causes of d isease. If rou tin e data are collected  system atically over t im e, we h ave
access to in form ation  on  th e progression  of a d isease in  a population  or th e im pact
of a h ealth  in terven tion  such  as screen in g or vaccin ation . We can  lin k data sets to
con sider th e effects of con foun din g an d use th ese data to gen erate h ypoth eses on
th e determ in an ts of d isease. Data lin kage can  be used to follow up an  occupation al
coh ort  (e.g. m in ers or asbestos workers) an d detect  n ew cases of a certain  d isease,
adm ission  to h ospital or death . Stan dardized m ortality rat ios allow us to com pare
m ortality between  population s an d m ay suggest  th e n eed to look for an  en viron -
m en tal determ in an t or local exposure. Data on  m igran t  studies can  be used in  th e
sam e way, an d data over t im e can  dem on strate ch an ges in  sign ifican t  exposures as
m igran t  population s adopt th e ch aracterist ics of th eir h ost  populat ion s.

Ec ologi ca l st ud ies

We can  use rou tin e population -based data to gen erate h ypoth eses in  wh at are
kn own  as ecological studies (see Ch apter 5 for m ore details). Ecological studies use
rou tin e data to relate th e frequen cy of an  exposure to an  ou tcom e of in terest . A
study in  South  Am erica, for exam ple, used data from  a n ation al survey of breast-
feedin g to com pare th e prevalen ce of breast-feedin g with  data on  in fan t  m ortality
(Betrán  et al. 2001). Th e au th ors foun d h igh er rates of death s from  diarrh oeal
disease an d acu te resp iratory in fection s in  babies th at  were n ot  breast-fed . An oth er
study in  Sweden  used available data to an alyse tren ds in  rates of ch lam ydia
in fection  an d ectopic pregn an cy (Egger et al. 1998) an d foun d th at  in  wom en  aged
20–24 years th ere was a stron g correlat ion  between  th e rate of ectopic pregn an cy
an d th e rate of ch lam ydial in fection  in  th e sam e year. Th is type of study is kn own
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as a cross-section al ecological study, is qu ick an d easy to perform  an d can  gen erate
h ypoth eses as to th e possible aetiology of d isease.

Ecological studies can  also be lon gitudin al an d look at  t ren ds in  a defin ed popula-
t ion  over t im e. Birth  coh orts h ave been  th e subject  of m an y ecological studies an d
explore d isease tren ds in  a group of in dividuals born  in  a certain  t im e period. A
n um ber of studies h ave looked at  poverty an d in equality data, related  th em  to
m ortality stat ist ics an d dem on strated  stron g posit ive correlat ion  between  socio-
econ om ic status an d m ortality.

A recen t ecological study by Wh itley et al. (1999) used rou tin e data to in vest igate
th e associat ion  between  death  from  su icide an d in dices of social deprivation  an d
fragm en tation . Alth ough  geograph ical studies h ave sh own  su icide rates to be
lin ked to deprivation , th is study in cluded data on  th e un derlyin g social ch aracter-
ist ics of a populat ion . Cen sus data on  private ren tin g, sin gle h ouseh olds an d m ari-
tal status as well as data on  m ean  absten tion  rates from  votin g an d deprivation
scores were correlated  with  su icide rates in  633 Parliam en tary con sistuen cies in
Great  Britain . Su icide rates were foun d to be m ore stron gly associated  with  th ese
m easures of social fragm en tat ion  th an  with  poverty.

Alth ough  th ese ecological studies can  provide us with  very in terest in g correlat ion s
between  exposures an d disease, we can n ot draw an y causal con clusion s from  th ese
an alyses. Th e un it  of an alysis in  th ese studies is a population , n ot  an  in dividual,
an d we do n ot  kn ow wh eth er th e in dividuals exposed are th e sam e as th ose wh o
develop  th e d isease. In  th e Egger et al. study, for exam ple, we do n ot kn ow wh eth er
th e wom en  wh o h ad confirm ed ch lam ydial in fection  wh ere th e sam e wom en  wh o
wen t on  to h ave ectopic pregn an cies.

An oth er poten tial m isin terpretat ion  of fin din gs from  an  ecological study is
described as th e ecological fallacy: a study m ay dem on strate th at  two variables are
posit ively correlated , bu t  th is can n ot be in terpreted  to in dicate th at  all in dividuals
susceptible to a part icu lar exposure will go on  to develop  th e d isease in  quest ion .
Lookin g at  data from  th e Wh itley study, we can n ot in fer th at  all socially fragm en ted
in dividuals will d ie prem aturely from  su icide.

Limita tio ns  of rou tin e da ta

Alth ough  rou tin e data can  be very usefu l, th e ways in  wh ich  th ey were collected
an d th eir prim ary purpose n eed to be un derstood if th ey are to be correctly in ter-
preted . Data collected  as part  of a research  study will be less pron e to biases an d th e
effects of m issin g in form ation . In  som e cases, bu t  n ot  all, research ers are train ed in
th e m eth ods of data collection  an d use strict  in clusion  an d exclusion  criteria wh en
adm itt in g in dividuals to a study. Routin ely collected  data, on  th e oth er h an d, m ay
be collected  by a large n um ber of people, with  lit t le train in g, across m an y sites. Th e
com parability of collected  data m ay th erefore be com prom ised. Wh eth er data are
fed  back to th e in dividuals in volved in  collectin g th em  m ay also influen ce th eir
quality, as th e m otivation  to en sure data are of a h igh  stan dard  will in crease. As we
h ave m en tion ed, wh en  collectin g data on  th e in ciden ce of d isease, th e capacity
an d in frastructure to elicit  th e appropriate public h ealth  respon se m ay affect  th e
com m itm en t to en surin g data are collected  system atically. Som e ben efits an d
lim itat ion s of rou tin e data can  be seen  in  Table 11.1.
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En ha nc ing  th e va lue of  rou tin e da ta

We are aware of th e lim itat ion s of som e sources of rou tin e data bu t  we can  st ill
m ake good use of th em . Wh ere th e com pleten ess of data is con sidered poor, kn ow-
ledge of th e types of people for wh om  data are n ot  available is valuable wh en
determ in in g th e d irect ion  of poten tial biases. For exam ple, we can  con sider th at
m ortality stat ist ics for som e in fectious d iseases m ay be un derreported  an d so
estim ates are likely to be con servative. Use of, or access to, h ealth  services m ay
be affected  by socioecon om ic status or eth n icity an d so, with  kn owledge of
determ in an ts of h ealth , we can  m ake in feren ces about related  data sources.

Th e use of electron ic m eth ods to collect  an d collate data will im prove accuracy an d
allow m ore com plex an alyses. Data can  th en  be used m ore widely. Th e im portan ce
of collectin g h igh  quality data is stren gth en ed as th e use of data grows an d m ore
agen cies, in cludin g policy m akers an d th e m edia, h ave access to descrip t ive
in form ation  on  th e h ealth  of population s.

Goin g beyon d rou tin e da ta

Wh ile descrip t ive in form ation  on  th e h ealth  an d well-bein g of a populat ion  is
som etim es n ot  rou tin ely available, you  learn ed earlier in th is book about a n um ber
of research  m eth ods th at  can  be used to collect  it . Of course, prim ary data collec-
t ion  will usually in cur a cost . Look back at  Ch apters 4–8 to rem in d yourself of th e
advan tages an d disadvan tages of th e d ifferen t  types of ep idem iological studies an d
surveys.

Have a go at  th e followin g two activit ies th at  will h elp  you  to con solidate som e of
th e th in gs you  h ave learn ed.

Activ ity  11 .1

Zimbabwe has a population of about 13 million (2002) of whom nearly 40% live in areas
affected by malaria. Although a malaria control programme has been in operation since
1948, malaria continues to be one of the common causes of morbidity and mortality in
Zimbabwe, causing up to 20% of childhood deaths in some areas of the country. In 1996
the Ministry of Health reviewed the data from routine surveillance systems in order to

Table  11 .1 How useful are routinely collected data?

Benefits of routine data Limitations of routine data

Good availability Often incomplete and inaccurate
Usually inexpensive Prone to bias
Timely Limited descriptive variables (e.g. socioeconomic status or

ethnicity)
Allow development of

hypotheses
Often poorly presented or analysed

Provide baseline data May be subject to manipulation
Non-standardized definitions used
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assess the burden of malaria in the country and to introduce additional control
measures. The data obtained in this review are used here to highlight the benefits and
limitations of data from routine surveillance systems.

The numbers of clinical malaria cases and deaths from malaria reported each year
between 1997 and 2002 by all government health facilities are shown in Figure 11.1.

1 Describe what these data tell us about malaria and malaria deaths in Zimbabwe.

2 What are the limitations of these data?

3 What further information would you need to assess the burden of malaria?

Fee db ac k

Your answers should be along the following lines.

1 There was a small steady decline of 5.8% in the number of cases of malaria between
1997 and 2000. A large drop in cases of 55% was observed from 2000 to 2001. After
this, the rate of decline fell back down to a conservative decrease of 12%.

With the exception of a small rise in the number of malarial deaths from 1997 to 1998,
the rate of deaths from malaria largely mirrored the number of reported cases until
2001. As with reported cases, the rate of decrease was highest between 2000 and 2001
after which a slight increase was seen.

It is unclear why a rise in the number of deaths has been seen from 2001 to 2002.

Fi gu re 11 .1 Malaria cases and deaths, 1997–2002

Source: based on data from the WHO regional office for Africa (www.afro.who.int/malaria/)
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2 These data are limited by selection bias and measurement bias:

Selection bias. These data are from a selected group of people who attend government
health facilities. Since there are several other sources of health care (e.g. private and
traditional practitioners), these data are unlikely to reflect the total burden of malaria in
Zimbabwe.

Measurement bias. The accuracy, consistency and completeness of such data are debat-
able since they are collected from several institutions involving different categories of
health workers over long periods. Any changes to collection systems will also affect the
comparability of data.

3 There are three further types of information you need in order to assess the burden
of malaria in the country.

Data on population. Since the population at risk is not given, it is not possible to estimate
the annual incidence of malaria and thus the magnitude of the burden of malaria cannot
be clearly assessed.

Age and sex distribution of cases and deaths. This information is important in assessing the
magnitude of the burden of malaria because, generally speaking, malaria mortality is
higher in children under 5 years old than in adults.

Frequency distribution of other causes of morbidity and mortality. This information is needed
to assess the relative public health importance of malaria.

Activ ity  11 .2

In this activity, you will need to consider the strengths and limitations of routine data in
comparison to data obtained from epidemiological studies such as cross-sectional
surveys.

You are responsible for a new government initiative to assess the risks posed to men
and women in the workplace. You have been given a limited budget and time period to
collect data and write your report. After some preliminary fact-finding, you consider
whether to conduct a cross-sectional survey of the working population or to review
the available data from routine surveillance systems.

1 What are the strengths and limitations of these two options?

2 Which method will you decide to use? Support your answer with reasons.

Fee db ac k

1 Table 11.2 lists the strengths and weaknesses of the two approaches. Although the
issues mentioned focus on injuries, most of them are generally applicable to measuring
the burden of disease and other health conditions.

2 As the programme manager responsible for collecting baseline information on injur-
ies, you would most likely recommend an initial review of the data already available
from the passive surveillance system and an assessment of the quality of those data
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considering all the potential sources of bias. Most probably, the available data would not
be adequate to establish accurately the burden of disease due to injury, the spectrum of
injury or the factors associated with injury. If that were the case, you could suggest a
baseline survey to supplement the surveillance systems so as to gain a better under-
standing of the burden of injury and to identify appropriate control measures.

Summar y

You sh ould  n ow un derstan d th at  alth ough  th ere are several lim itat ion s to in ter-
pretin g data from  rou tin e sources, th ey do give valuable in form ation . Sin ce th ese
data are collected  by m ost  public h ealth  agen cies, th ey are a relat ively ch eap  way
to establish  baselin e data. Th is in form ation  can  also allow us to iden tify d isease
outbreaks an d epidem ics, m on itor t im e tren ds an d season al pattern s, evaluate
disease in terven tion s an d gen erate h ypoth eses as to th e possible causes of d isease.

Table  11 .2 Strengths and limitations of surveys and passive surveillance systems

Characteristic Survey Routine surveillance system

Prevalence and
incidence

The prevalence of different
types of injury can be measured

The incidence of injury can be
measured, but the quality of
data depends on several factors
such as characteristics of
reporting centres, data
collection toolsand system, the
health care-seeking behaviour
of the population

Spectrum of injury The spectrum of injury
including those that do not
warrant medical care can be
established

Only data on individuals who
reported their injury will be
collected

Factors associated with
injury

In-depth data on several factors
associated with injury can be
obtained

Data on factors associated with
injury are limited

Accuracy of data Since it is feasible to control the
quality of data, the prevalence
and spectrum of injury can be
estimated more accurately

Estimates of incidence of injury
might not be accurate since
it is often difficult to link the
number of cases of injury to
the actual population at risk

Relation of data The data represent one point in
time, so they have limited value
for the analysis of trends over
time

Since the data would be
available for a longer period,
trends can be monitored over
time

Feasibility and cost of
study

Although highly feasible, this
can be expensive since it
involves development of data
collection tools, training and
supervision of personnel, and
transport and subsistence

Review of data from
surveillance systems is
relatively cheap, especially if the
data are compiled and analysed
regularly
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You sh ould  be able to describe th e purposes an d m eth ods of public h ealth
surveillan ce.

You sh ould  also be able to d iscuss th e advan tages an d lim itat ion s of data obtain ed
from  rou tin e sources.
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12 Screening and diagnost ic
tests

Over view

Th e previous ch apters h ave focused on  th e prin cip les an d m eth ods of ep idem i-
ological study an d gain in g kn owledge of th e d istribu tion  an d determ in an ts of d is-
ease. In  th is ch apter we look at  th e value of a type of secon dary preven tion  called
screen in g. Screen in g is a way of im provin g patien t  ou tcom es by detectin g a d isease
at  an  earlier, m ore treatable stage, or by avoidin g recurren ce of d isease.

In  order to provide effective curative or preven tive h ealth  care, it  is n ecessary to
dist in gu ish  between  in dividuals wh o h ave a d isease an d th ose wh o do n ot. For th is
purpose, th ere are tests such  as ph ysical exam in ation ; bioch em ical assay of blood,
urin e an d oth er body fluids; radiograph y; u ltrason ograph y; cytology; an d h isto-
path ology. On e question  we n eed to an swer is h ow good th ese tests are at  separat-
in g in dividuals with  an d with out th e d isease in  quest ion . Un fortun ately, several
screen in g an d diagn ostic tests are liable to error. In  th is ch apter, you  will learn
about certain  stat ist ical m eth ods for assessin g th e quality of screen in g an d
diagn ostic tests to h elp  you  m ake in form ed decision s about th eir use an d
in terpretat ion .

Learning object ives

After  working through this chapter, you will be bet ter  able to:

• descr ibe and calculate the measures of validit y of a diagnost ic test
• explain the relat ionship between prevalence and predict ive values
• list  t he Wor ld Health Organizat ion guidelines for  assessing

appropr iateness of screening
• descr ibe and calculate the measure of reliabilit y of a test .

Definit ion and purpose of screening

Th e aim  of screen in g is to iden tify asym ptom atic d isease, or risk factors for d isease,
by test in g a populat ion  th at  h as n ot  yet  developed clin ical sym ptom s. Screen in g
tests are often  n ot  d iagn ostic an d usually seek to iden tify sm all n um bers of in di-
viduals at  h igh  risk of a part icu lar con dit ion . Furth er tests are n eeded to confirm
a diagn osis. Efficacious screen in g rests on  th e prem ise th at  th e detection  of early
disease, an d subsequen t effective treatm en t, will ben eficially alter th e n atural
course of th e d isease an d th us im prove patien t  ou tcom es.
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Screen in g is usually con sidered as an  exam ple of secon dary preven tion  (see
Ch apter 10), alth ough  prim ary preven tion  screen in g can  be used to iden tify
patien ts with  an  exposure to a risk factor, in stead of a d isease. For exam ple, screen -
in g in dividuals for h igh  blood ch olesterol levels seeks to iden tify th ose at  h igh er
risk of coron ary h eart  d isease for targeted  h ealth  prom otion  or ch olesterol-
lowerin g drug treatm en t. Screen in g is also used for oth er purposes such  as selection
of people fit  en ough  for a job or con tain m en t of in fection  (e.g. screen in g n ew
n urses or teach ers for tubercu losis or food h an dlers for salm on ella).

Screen in g is n ot  un iversally ben eficial an d th e course of certain  d iseases m ay n ot be
altered  th rough  early iden tification  especially if, for exam ple, th ere is n o available
an d effective treatm en t. Screen in g program m es n eed to be properly evaluated
before th ey are im plem en ted, usin g th e m eth ods already described in  th is book.
Th e eth ics of screen in g also n eeds to be con sidered; th is an d oth er criteria for
screen in g are d iscussed later in  th is ch apter.

Mass or  ta rget ed  sc ree ni ng

A screen in g program m e can  eith er in clude th e wh ole populat ion  (mass screen in g)
or selected  groups wh o are an ticipated  to h ave an  in creased prevalen ce of th e
con dit ion  for wh ich  screen in g h as been  in st itu ted  (targeted screen in g). An  exam ple
of m ass screen in g would  be to m easure th e blood pressure of all adu lts in  a
populat ion . Measurin g blood ch olesterol in  relat ives of people with  fam ilial
h yperlip idaem ia is an  exam ple of targeted  screen in g.

Relia bi lit y an d va lid ity  of a sc ree ni ng  te st

An  effective screen in g program m e will use a test  th at  is able to d ifferen tiate
between  in dividuals with  a d isease, or its precursor, an d th ose with out. Th is prop-
erty of a test  is kn own  as its validity. A screen in g test  sh ould  also ideally be in expen -
sive, easy to adm in ister an d im pose m in im al d iscom fort  on  th ose to wh om  it  is
adm in istered . It  also n eeds to be reliable in  th at  it  m easures a variable con sisten tly
an d is free of ran dom  error.

A clin ical test  h as yet  to be developed th at  is able to determ in e with  100% accuracy
all th ose with  an d with out a part icu lar sign  or sym ptom . A m easure of a screen in g
test’s sensitivity is th e proportion  of ‘true posit ives’ correctly iden tified with  a sub-
sequen t d iagn ostic test . If sen sit ivity is low, it  suggests th at  a n um ber of posit ive
cases h ave been  m issed. Th ese are term ed th e ‘false n egatives’. A false posit ive
screen in g test  can  be costly for both  th e service provider an d th e patien t . A m easure
of a test’s specificity is th e proportion  of ‘true n egatives’ correctly iden tified.
We can n ot expect  sen sit ivity an d specificity values to be equally h igh  for a
given  test , an d th e im portan ce of each  m easure will depen d on  th e d isease in
question . In  th e case of a com m un icable d isease, for exam ple, specificity m ay be
con sidered m ore im portan t  as a false posit ive case m ay h ave less of a public h ealth
im pact th an  a false n egative wh ich  cou ld  resu lt  in  con tin ued tran sm ission  of th e
disease.

Estim ation  of sen sit ivity an d specificity will depen d on  th e defin it ion  th at  is used
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for a true posit ive. Th is m ay be relat ively easy wh en  th e test  is for a d ich otom ous
variable wh ere a d isease is con sidered to be eith er presen t  or absen t. For a
con tin uous variable, such  as blood pressure, th e defin it ion  of a posit ive case n eeds
to be determ in ed an d be eviden ce-based; th is m ay be by carryin g ou t a fu rth er ‘gold
stan dard’ d iagn ostic test , or by followin g up  part icipan ts to see wh o develops
clin ical m an ifestat ion s of d isease.

Pred ict ive va lue s

An oth er im portan t  m easure for a screen in g test  is th e predictive value. Th e posit ive
predict ive value of m am m ograph y, for exam ple, will tell a wom an  h ow likely it  is
th at  sh e h as breast  can cer after a posit ive m am m ogram . Th e n egative predict ive
value will tell a wom an  th e probability is th at  sh e tru ly does n ot  h ave breast  can cer
if th e m am m ogram  is n egative. Predict ive values m easure wh eth er or n ot  th e
in dividual actually h as th e d isease, given  th e resu lts of th e screen in g test , an d are
determ in ed by th e valid ity of a test  (specificity an d sen sit ivity) an d th e ch aracter-
ist ics of th e population  bein g tested  (part icu larly th e prevalen ce of preclin ical
d isease).

Th e m ore sen sit ive a test , th e less likely it  is th at  an  in dividual with  a n egative resu lt
will h ave th e d isease, so th e greater th e n egative predict ive value. Th e m ore specific
a test , th e less likely an  in dividual with  a posit ive test  will be free from  disease an d
th e greater th e posit ive predict ive value. However, if th e d isease is rare, an d th e
populat ion  is at  a low risk of d isease, th e posit ive resu lts are likely to be m ostly false
posit ives.

Table 12.1 sum m arizes th e relat ion sh ip  between  th e resu lts of a screen in g test
an d th e actual presen ce of d isease as determ in ed by th e resu lt  of a subsequen t
confirm atory d iagn ostic test  (th e ‘gold stan dard’). In  th e table, a  is th e n um ber
of subjects wh o have th e con dit ion  an d are foun d positive by th e test  (true
posit ives), b th e n um ber of subjects wh o do not have th e con dit ion  bu t are foun d
positive by th e test  (false posit ives), c th e n um ber of subjects wh o have th e
con dit ion  bu t are foun d negative by th e test  (false n egatives) an d d th e n um ber of
subjects wh o do not have th e con dit ion  an d are foun d negative by th e test  (true
n egatives).

Table  12 .1 Measuring the effectiveness of a screening test

True disease status

Positive Negative

Result of test Positive a b

Negative c d

Sensitivity = 
a

a + c
Positive Predictive Value = 

a

a + b

Specificity = 
d

b + d
Negative Predictive Value = 

d

c+ d
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Et hi cs  of sc ree ni ng

Wh en  a patien t  decides to visit  th eir fam ily doctor, or an  allied  h ealth  profession al,
th ey are usually experien cin g a sym ptom  of a d isease. Th ey are willin g to un dergo a
m edical exam in ation  in  th e h ope of elucidatin g th e cause of th eir com plain t ,
wh ich  will resu lt  in  a d iagn osis an d, wh ere available, a course of treatm en t. A
screen in g test  is an  in terven tion  th at  is carried  ou t  on  overt ly h ealth y in dividuals
th at  h ave n o sym ptom s of d isease an d h ave n ot in it iated  th e request  for th e test . It
is im perative th at  th e poten tial ben efits of takin g part  in  a screen in g program m e
will ou tweigh  th e risk of h arm  (Coch ran e an d Hollan d 1971). Before th e in it iat ion
of a screen in g policy, th ere n eeds to be con clusive eviden ce th at  th e screen in g test
is able to d ifferen tiate between  th ose with  an d th ose with out d isease an d th at  th e
available treatm en t will ben eficially alter th e n atural course of th e d isease.

Th ere is an  eth ical respon sibility to m ake sure th at  in dividuals h ave en ough
in form ation  to m ake an  in form ed decision  as to wh eth er to take part  in  a screen in g
program m e an d th at  th ey h ave con sidered th e poten tial ben efit  an d h arm  of takin g
part . Th e eth ics of screen in g for d isease is com plicated  an d poten tial policies n eed
very carefu l con sideration  before th ey are m ade available to th e public.

Th e risks of takin g part  in  a screen in g program m e can  be con sidered for both  th e
in dividual an d society. Wh ile m an y m edical tests are straigh tforward an d presen t
n o risk, oth er tests m ay h ave th e poten tial to h arm  th e part icipan t. Repeated
exposure to X-ray radiat ion  in  m am m ograph y for breast  can cer m ay pose a risk to
th e patien t  an d th e risk of m iscarriage followin g an  am n iocen tesis test  m ust  be
explain ed to a pregn an t wom an  con siderin g test in g for Down ’s syn drom e. For
som e screen in g tests, th ere m ay also be risk at tach ed to fu rth er confirm atory tests.
Not on ly m ust  an y poten tial risks be explain ed to th e part icipan t, bu t  also th e fact
th at  tests are n ot  always able to d ifferen tiate with  100% accuracy th ose with  an d
th ose with out th e d isease. Even with  fu ll com plian ce, n o screen in g program m e will
be able to detect  all th e cases of d isease in  a population  (false n egatives) an d all
screen in g program m es are likely to wron gly classify som e patien ts as bein g d iseased
(false posit ives). A false posit ive test  m ay cause un n ecessary an xiety an d a false
n egative test  m ay resu lt  in  a loss of confiden ce in  m edical in terven tion  as well as
a poten tial loss of life. An  in dividual with  a false n egative test  m ay later fail to
recogn ize subsequen t warn in g sign s of th e d isease, wh ich  cou ld  resu lt  in a poorer
progn osis on  d iagn osis. Th ere m ay be oth er un wan ted an d un plan n ed effects of a
posit ive test  – for exam ple, life in suran ce prem ium s m ay be in creased. Even  with  an
effective treatm en t, a true posit ive test  m ay in crease an xiety an d pose a risk to
m en tal h ealth  or quality of life.

Before th e in troduction  of a n ation al screen in g policy, th e costs of th e resources
n eeded to carry ou t  th e screen in g tests h ave to be con sidered. Specialist  equ ipm en t
m ay be requ ired , bu t  also th e n eed for appropriate staff to carry ou t  tests an d to
en sure patien ts are appropriately coun selled  before an d after th e test  will in crease
costs. Th e expected  in ciden ce of th e d isease, or its precursor, n eeds to be kn own  to
allow policy m akers to an ticipate th e n um bers of patien ts th at  are likely to n eed
expen sive treatm en t option s. It  would  be un eth ical to screen  wom en  for breast
can cer if th ere were in sufficien t  n um bers of doctors an d n urses an d h ospital
facilit ies to offer t im ely treatm en ts for th ose foun d to h ave posit ive screen in g
resu lts.
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Policy m akers also n eed to en sure th ere is good quality con trol of th e screen in g
program m e an d th at  th ere is n o variat ion  in  th e stan dards an d criteria used for
furth er in terven tion . If th ese h igh  stan dards are n ot  m ain tain ed, th e eth ics of
screen in g cou ld  be ch allen ged an d com plian ce with  a program m e could  fall, lower-
in g th e proport ion  of th e population  likely to ben efit .

Crite ria  for  sc ree ni ng

We h ave d iscussed som e of th e poten tial advan tages an d disadvan tages of part ici-
pation  in  a screen in g program m e both  for th e in dividual an d for society. To en sure
th at  th e poten tial for h arm  is m in im ized, program m es n eed to fu lfil a n um ber of
criteria th at  sh ould  be con sidered before im plem en tation . Th e World  Health
Organ ization  criteria for assessin g th e appropriaten ess of screen in g, first  publish ed
by Wilson  an d Jun gn er (1968), are listed  in  Table 12.2.

Alth ough  th e fun dam en tal aspects of subsequen t criteria are th e sam e as th ose
publish ed by Wilson  an d Jun gn er, a n um ber of sim plification s h ave been . In  1984,
Cuckle an d Wald’s (1984) sim pler list  of criteria is sum m arized in  Table 12.3.

Table  12 .2 Wilson and Jungner criteria for screening (1968)

The condition being screened for should be an important health problem
The natural history should be well understood
There should be a detectable early stage
There should be a suitable test for the early stage
The test should be acceptable
Treatment at an early stage should be of more benefit than at a later stage
Intervals for repeating the test should be determined
There should be adequate health service provision for the extra clinical workload resulting from
the screen
The risks, both physical and psychological, should be less than the benefits
The costs should be balanced against benefits

Source: Wilson and Jungner (1968)

Table  12 .3 Cuckle and Wald criteria for screening (1984)

Aspect Requirement

Disorder Well defined
Prevalence High
Natural history Medically important disorder for which there is an effective

remedy available
Financial Cost-effective
Facilities Available or easily installed
Ethical Procedure following a positive result generally agreed and

acceptable
Test Simple and safe
Test performance Values in affected and unaffected individuals known, overlap

sufficiently small and suitable cut-off level defined

Source: Cuckle and Wald (1984)
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Som e of th ese criteria are essen tial wh en  con siderin g th e im plem en tat ion  of a
screen in g program m e. Th e availability of a treatm en t for th e iden tified disease is
essen tial as th ere would  be n o value in  iden tifyin g diseases for wh ich  th ere are n o
effective treatm en ts. Oth er criteria are m ore relat ive. For exam ple, if a d isease is
very rare bu t  very serious an d easily preven table, it  m ay st ill be ben eficial to screen
for it . Ph en ylketon uria, a con gen itally acquired  in ability to m etabolize th e am in o
acid  ph en ylalan in e, is such  a rare d isease. If un detected , it  leads to serious m en tal
retardation . A h igh ly sen sit ive an d specific screen in g test , perform ed on  a blood
sam ple taken  from  a prick in  th e h eel of a n ewborn , can  iden tify babies wh o h ave
th is con dit ion . A diet  low in  ph en ylalan in e effectively preven ts th e developm en t of
m en tal retardation  in  such  ch ildren .

Ev alu at in g sc ree nin g progr ammes

On ce criteria for a poten tial screen in g program m e h ave been  reviewed, determ in -
in g wh eth er a part icu lar screen in g program m e is of value in  a com m un ity will
depen d on  th e followin g: th e relat ive burden  of th e d isease; th e feasibility of organ -
izin g a screen in g program m e; th e effectiven ess of th e program m e in  reducin g th e
burden  of th e d isease; an d th e cost  of th e program m e in  relat ion  to th e resources
available.

Relat ive bu rde n of  di se as e

Th e disease in  question  n eeds to be serious an d pose a sign ifican t  burden  to th e
populat ion  an d to h ealth  services. Morbidity an d m ortality rates can  h elp  iden tify
poten tial d iseases for screen in g, bu t  th e appropriaten ess of th e d isease for screen in g
in evitably depen ds on  th e availability of a test  to detect  it , an  effective treatm en t
an d its relat ive value in  com parison  with  oth er h ealth  problem s.

Fea sib ili ty

Screen in g program m es requ ire h uge in frastructures to be in  p lace if th ey are to run
effectively. Th e feasibility of a program m e will depen d on  a n um ber of factors. First ,
th e groups iden tified for screen in g h ave to be iden tified, con tacted  an d in vited  to
atten d a program m e at  th e appropriate t im e. Most screen in g program m es in  in dus-
t ialized  n ation s rely on  fam ily doctors in  th e com m un ity to provide in form ation
on  th e age, sex an d m edical h istory of th e population . Electron ic system s are th en
used to in vite th e population  to at ten d for screen in g in  a system atic m an n er an d
resu lts are fed  back to th e in dividuals’ fam ily doctor. Com plian ce with  a screen in g
program m e will affect  feasibility. If screen in g tests are n ot  con sidered acceptable to
th e population , th ey are less likely to at ten d. A den tal ch eck-up  for caries every 6
m on th s is deem ed acceptable to m ost  people, bu t an  in vasive test  such  as a sig-
m oidoscopy or colon oscopy to detect  colorectal can cer m ay be con sidered m uch
less acceptable. Un less a large proportion  of th ose at  risk at ten d a screen in g pro-
gram m e, it  is un likely th at  th e burden  of th e d isease will be reduced in  th e
populat ion .
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As we h ave m en tion ed previously, est im ates of th e an ticipated  in ciden ce of d isease
in  a populat ion  will allow h ealth  services to assess wh eth er sufficien t  facilit ies are in
place to carry ou t  d iagn ostic tests on  th ose wh o are foun d posit ive at  screen in g an d
to treat  th ose confirm ed as posit ive. Policy m akers n eed to con sider, for exam ple,
th e affordability of providin g ch olesterol-lowerin g drugs to everyon e foun d to h ave
an  elevated  serum  ch olesterol level.

Ef fec tiven es s

In  ep idem iology th e term  ‘effectiven ess’ describes th e ability of an  in terven tion
to do wh at it  purports to do. In  th e case of screen in g, th e aim  of a program m e
is to reduce th e burden  of a d isease in  a population  by reducin g th e n um ber
of in dividuals th at  succum b to it  an d by offerin g a better progn osis to th ose
th at  do. Th e effectiven ess of a screen in g program m e is th erefore evaluated  by
th e exten t  to wh ich  it  can  affect  subsequen t ou tcom es of d isease. Th is is d iffi-
cu lt  to m easure because of a n um ber of biases, wh ich  affect  m ost  of th e study
design s used. Th ese biases are selection  bias, lead-t im e bias an d len gth -t im e
bias, an d n eed to be con sidered wh en  in terpretin g th e resu lts of a screen in g
program m e.

Selection bias

People wh o ch oose to part icipate in  screen in g program m es often  d iffer from  th ose
wh o do n ot . Selection  bias can  work both  ways. People wh o are at  h igh  risk m ay be
m ore likely to at ten d – for exam ple, wom en  with  a fam ily h istory of breast  can cer.
In  som e screen in g program m es it  h as been  observed th at  in dividuals at  lower risk
are m ore likely to at ten d – for exam ple, wom en  at  low risk of cervix can cer are m ore
likely to accept  an  in vitat ion  for a sm ear test . Differen ces in  m orbidity or m ortality
between  in dividuals wh o do or do n ot at ten d screen in g m ay be due in  part  to
differen ces between  th e subjects rath er th an  th e effect  of th e screen in g program m e.

Lead-t ime bias

If screen in g iden tifies early d isease before it  p resen ts clin ically, it  m ay appear to
im prove survival by in creasin g th e in terval between  diagn osis an d death . In  th is
way, in dividuals m ay appear to live lon ger. In  Figure 12.1 we can  see th at  th e
screen in g program m e th at  led  to a posit ive test  appears to h ave in creased survival
t im e to 10 years (from  age 55 to age 65). As screen in g h as n ot  delayed death , it  is
n ot  ben eficial an d h as just  in creased th e period of t im e th e in dividual was aware of
h is/h er con dit ion  by 5 years.

Fi gu re 12 .1 Illustration of lead-time bias

⇓ ⇓ ⇓
Positive screening test Clinical symptoms present Death
<––––––––––––––––––––––––>

Lead time
Age: 55 yrs 60 yrs 65 yrs
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Length-t ime bias

A screen in g program m e is m ore likely to detect  a larger proport ion  of cases of a
slowly progressive, less aggressive con dit ion . It  is also m ore likely to m iss cases,
wh ich  progress qu ickly an d h ave a less favourable progn osis. Slow-growin g, less
aggressive con dit ion s will in variably be presen t  in  th e population  for lon ger
periods of t im e, an d a screen in g program m e is m ore likely to be successfu l in  detect-
in g th em . For exam ple, som e breast  tum ours are slower-growin g an d spen d lon ger
in  a preclin ical ph ase. Th is m ean s th ey are m ore likely to be detected  at  th at  stage
an d m ay also h ave a m ore favourable progn osis. Len gth -t im e bias m igh t lead  to a
false con clusion  th at  screen in g h as len gth en ed th e lives of th ose wh o were foun d
posit ive. In  can cer screen in g, for exam ple, policy m akers also n eed to con sider h ow
often  to in vite in dividuals for screen in g. Th e appropriate len gth  of t im e between
screen s depen ds on  th e n atural h istory of th e d isease, such  as th e len gth  of th e
detectable preclin ical stage an d th e treatm en t available at  th at  stage.

Cost

Th e cost  of screen in g program m es is an  im portan t  con siderat ion . However wealth y
a society, th ere will always be a fin ite am oun t of resources available for h ealth  care,
so th e relat ive cost-effectiven ess of a screen in g program m e com pared with  oth er
form s of h ealth  care h as to be con sidered. Th ese decision s are very d ifficult  to m ake
an d h ave been  m ade in  th e past  as a resu lt  of en th usiasm  for a part icu lar screen in g
test , with out proper con sideration  of th e effectiven ess of th e program m es an d th e
related  costs. Costs to be con sidered will be th ose relat in g to th e con duct  of
th e screen in g program m e, th e fu rth er d iagn ostic tests requ ired  for th ose labelled
posit ive by th e screen in g program m e, an d th e cost  of treatin g th ose in  wh om  th e
disease is confirm ed. On  th e oth er h an d, in  th e absen ce of screen in g an d preven -
t ion  or early treatm en t of d isease, costs will be in curred by th e treatm en t of patien ts
wh o presen t  clin ically with  m ore advan ced stages of d isease.

St ud y de sig ns  for  eva lu at in g sc ree ni ng

We h ave con sidered th ree very powerfu l biases th at  will affect  th e evaluation  of an y
screen in g program m e an d can  serve to overest im ate its effect  on  reducin g th e
m orbidity an d m ortality associated  with  a part icu lar d isease. Before a poten tial
screen in g m eth od is rolled  ou t  n ation ally, it  n eeds to be properly evaluated so th e
expected  ben efits are clear. A n um ber of study design s can  be used, bu t  m ost  are
liable to biases (see Table 12.4).

Ran dom ized con trolled  trials (RCTs) are th e best  m eth od for evaluatin g screen in g
an d are con sidered th e gold  stan dard  for establish in g th e effectiven ess of a policy.
In  RCTs, in dividuals will be ran dom ly allocated  to on e of two groups: th e screen in g
or con trol group (see Ch apter 8). Alth ough  som e in dividuals will n ot  wish  to take
part  or will be lost  to follow-up, if th e proport ion s of patien ts th at  com ply with  th e
study protocol are th e sam e in  both  groups, we can  be confiden t th at  selection  bias
h as been  rem oved. Lead-t im e an d len gth -t im e biases are rem oved wh en  com parin g
th e overall m ortality in  th e two ran dom ized groups, bu t  adjustm en ts for lead  t im e
an d len gth  t im e st ill n eed to be m ade wh en  com parin g th e len gth  of survival.
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However, wh en  eviden ce of ben efit  h as been  stron g, screen in g program m es h ave
been  im plem en ted with out supportin g eviden ce from  RCTs. Cervical can cer is a
case in  poin t: kn owledge of th e n atural h istory of th e d isease led  to th e in troduc-
t ion  of screen in g program m es in  th e UK an d oth er in dustrialized  n ation s before
resu lts from  a p ilot  trial were available. In  Icelan d, Fin lan d, Sweden  an d parts of
Den m ark, n early com plete coverage of th e target  population  by organ ized cervical
screen in g program m es was soon  followed by sh arp  falls in  in ciden ce an d m ortality
(Hakam a an d Louh ivuori 1988; Sigurdsson  1993). Sim ilar data h ave been  publish ed
on  th e UK (Quin n  et al. 1999).

Ran dom ized trials m ay be th e gold  stan dard  wh en  evaluatin g screen in g, bu t  th ere
are a n um ber of poten tial drawbacks. Th ey are t im e-con sum in g due to th e lon g
periods of follow-up requ ired  to sh ow differen ces in  ou tcom e. If a ran dom ized trial
is in  progress in  an  area over a lon g period of t im e, it  will also be pron e to con -
tam in ation  of th e con trol group. An  awaren ess of th e screen in g program m e m ay
lead subjects in  th e con trol (n on -screen ed) group to seek ou t screen in g. Death s in
th e screen ed group m ay also be m ore likely to be at tribu ted  to th e d isease un der
in vestigation , as th e registerin g doctors’ awaren ess of th e con dit ion  m ay be
in creased. Due to th e large n um bers of patien ts requ ired  to dem on strate th e
effectiven ess of a program m e, an d th e len gth  of follow-up, RCTs are expen sive to
carry ou t . Large n um bers of subjects are also requ ired  wh ere th e trial is design ed to
sh ow sm aller ben efits. If a screen in g test  is available to patien ts wh o becom e aware
of th e on goin g RCT, despite th e lack of experim en tal eviden ce as to th e ben efit
of screen in g, it  is som etim es d ifficu lt  to just ify ran dom izin g som e subjects to th e
n on -screen in g arm  of a trial an d so altern ative study design s m ay yield  m ore
acceptable resu lts.

To h elp  you  con solidate wh at you  h ave learn ed, th ere are a n um ber of quest ion s
you  can  practice in  th e activity below. Th ere is feedback after each  question , bu t
you  sh ould  at tem pt each  task before readin g th e feedback to it .

Activ ity  12 .1

In a hypothetical study, 1000 patients attending a hospital general outpatient depart-
ment were tested for diabetes using the following two tests:

• fasting blood sugar (FBS)
• glucose tolerance test (GTT).

Table  12 .4 Potential biases when evaluating screening

Study type Method Potential biases

Cohort Comparing length of survival in screen-
detected and non-screen-detected cases

Lead-time bias
Length-time bias

Case control Comparing screening history of cases with
age-matched controls

Selection bias
Assessment bias

Non-randomized trial Comparing mortality using historical
controls

Selection bias
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There were 100 patients who had a positive GTT, and they were classified as true cases
of diabetes. There were also 140 patients with an FBS of at least 6 mmol/l (the cut-off
point to distinguish people with diabetes from those who do not have diabetes). Among
these 140 patients, only 98 were true cases of diabetes (i.e. only 98 had a positive GTT
as well).

1 What are the sensitivity, specificity, and positive and negative predictive values of the
FBS test in this study population?

When the cut-off point for the FBSwas raised to 7 mmol/l, the sensitivity of the test
decreased to 95% and the specificity increased to 98% in the hypothetical study
population.

2 Calculate the positive predictive value and false negative error rate of FBS at this
cut-off point.

The FBS test and GTT were used in a hypothetical community survey to screen for
diabetes. Among 1000 people surveyed, 40 people had a positive GTT for diabetes and
were classified as true cases of diabetes. An FBS cut-off value of 6 mmol/l was used to
distinguish between people with and without diabetes; you can assume that at this cut-
off point the FBS had a sensitivity of 98% and specificity of 95%.

3 What are the positive predictive value and false negative error rate of FBS in this
survey?

4 Why is the positive predictive value different from that observed in the hypothetical
hospital-based study?

Assume that if the cut-off point of FBS is increased to 7.5 mmol/l, the sensitivity is 90%
and the specificity is 99% for diagnosing diabetes.

5 What are the positive predictive value and the false negative error rate of FBS if the
cut-off point of 7.5 mmol/l is used to screen for diabetes in this community?

6 If you were asked to fix the cut-off point of FBS for a survey of your community
would you select 6 mmol/l or 7 mmol/l? Give reasons for your answer.

Fee db ac k

1 First, set up a 2 × 2 table of diabetes by true cases against FBS test results, as shown in
Table 12.5. Then you can calculate the required values:

Table  12 .5 Diabetes by true cases against FBS test results (cut-off 6 mmol/l)

Test results (FBS) Diabetes(GTT) Total

Positive Negative

Positive 98 42 140
Negative 2 858 860

Total 100 900 1000
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FBS sensitivity = 
98

100
 × 100 = 98%.

FBS specificity = 
858

900
 × 100 = 95%.

FBS positive predictive value = 
98

140
 × 100 = 70%.

FBS negative predictive value = 
858

860
 × 100 = 99.8%.

2 Again, you should first set up a 2 × 2 table of diabetes by true cases against test
results, as shown in Table 12.6. Then you can calculate the required values:

FBS positive predictive value = 
95

113
 × 100 = 84%.

FBS false negative error rate = 
5

100
 × 100 = 5%.

Alternatively,

FBS false negative error rate = 1 − sensitivity = 1 − 95% = 5%.

3 As before, start by first settingup a 2 × 2 table of diabetes by true cases against test
results, as shown in Table 12.7. Then you can calculate the required values:

FBS positive predictive value = 
39

97
 × 100 = 40%.

FBS false negative error rate = 
1

40
 × 100 = 2.5%.

Table  12 .6 Diabetes by true cases against FBS test results (cut-off 7 mmol/l)

Test results (FBS) Diabetes (GTT) Total

Positive Negative

Positive 95 18 113
Negative 5 882 887

Total 100 900 1000

Table  12 .7 Diabetes by true cases against FBS test results (cut-off 6 mmol/l)

Test results (FBS) Diabetes (GTT) Total

Positive Negative

Positive 39 48 97
Negative 1 912 913

Total 40 960 1000
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4 Although the sensitivity and specificity of the FBS at this cut-off point were the same
in the hypothetical hospital-based study and in the community survey, there is marked
reduction in the positive predictive value of FBS in the community survey. This is due to
the fact that the prevalence of diabetes in the hospital population was higher (10%) than
in the community (4%).

5 Again, first set up a 2 × 2 table of diabetes by true cases against test results, as shown
in Table 12.8. Then you can calculate the required values:

FBS positive predictive value = 
36

46
 × 100 = 78%.

FBS false negative error rate = 
4

40
 × 100 = 10%.

6 You would probably want to recommend 6 mmol/l as an appropriate cut-off point
for FBS because the false negative error rate is lower (2.5%) at 6 mmol/l level than at
7 mmol/l. A lower false negative error rate (rather than a lower false positive error
rate) can be seen as preferable for the following reasons:

a) The physical and psychological stress following a false positive test is minimal since
further diagnostic tests are available to confirm or refute the diagnosis of diabetes.

b) There are effective treatments for diabetes which can prevent the later complica-
tions of untreated diabetes.

Activ ity  12 .2

Now it is time for you to explore some of the current challenges in the implementation
of screening policies. Use the Internet or go to a scientific library to look for published
evidence on screening for colorectal cancer. Use this information to explore reasons
for and against screening. Given unlimited resources, would you recommend a policy in
your country based on the criteria for screening?

When looking for relevant publications you may like to use the following key words:
colorectal carcinoma; adenomatous polyps; faecal occult blood test (FOBT); flexible
sigmoidoscopy; colonoscopy.

Table  12 .8 Diabetes by true cases against FBS test results (cut-off 7.5 mmol/l)

Test results (FBS) Diabetes(GTT) Total

Positive Negative

Positive 36 10 46
Negative 4 950 954

Total 40 960 1000
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Fee db ac k

The first step is to review the accepted criteria for screening. Use the WHO criteria in
the chapter to look at the disease, the test and the available treatment options.

You should first consider the burden of the disease in your own country. Although
country-specific prevalence and incidence data may not be available, you could use
data on hospital admissions, for example, to make inferences about your population.
Colorectal cancer is the second most common cause of cancer deaths in the UK. An
annual increase in incidence of colorectal cancer has been observed in a number of
industrialized nations.

The next question is how much we know about the natural history of the condition. In
the case of colorectal cancer, there is good evidence that the disease pathway begins
with the development of benign colonic polyps, a proportion of which will develop into
cancers under certain genetic and environmental conditions. Therefore it is possible to
prevent the development of colorectal cancer by detecting and removing polyps in the
benign latent phase of the disease, which is thought to last about 10 years.

We have described a pre-disease state, but are there any tests available to detect it?
Looking at the literature, you will have learned about the detection of faecal occult
blood (FOB). A simple FOB test, which patients find acceptable, has been shown in a
number of randomized trials to reduce mortality from colorectal cancer in the general
population. FOB testing has its limitations, however, as it has been found in trials to
detect only a small proportion of screen-detected cancers. Refinements to the test
currently used may improve the sensitivity of the test, but are there any other more
sensitive methods?

You will also have read about endoscopic techniques (flexible sigmoidoscopy and
colonoscopy), which can be used to look for bowel polyps and remove them before
they become malignant. Endoscopy can also detect and biopsy cancerous lesions. This
screening will probably detect more than 90–95% of cancers and large polyps at an
earlier stage and thus reduce mortality from colorectal cancer. What are the pros and
cons of these more sensitive tests? A limitation of screening with sigmoidoscopy is that
a proportion of cancers will develop in the segment of bowel that cannot be reached by
the sigmoidoscope. A colonoscope can be used to examine the entire rectum and
colon but incurs an increased risk of bowel perforation, which is a very serious compli-
cation. As we have discussed in the chapter, screening will be ineffective if compliance is
low; an invasive endoscopic test may reduce compliance to a screening programme as
patients are likely to find this test uncomfortable.

Once cancers and pre-cancers are detected, can we treat them? Evidence suggests that
surgical removal of polyps and early cancers will have a significant impact on the
morbidity and mortality associated with the disease compared with the treatment of
established colorectal cancer, which still has a 5-year survival of just 40%.

A policy maker will also have to consider the resources needed to implement a screen-
ing programme. In the case of endoscopic screening a large number of highly trained
doctors and nurses will be needed to carry out screening, treatment, after-care and
rehabilitation.
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Summar y

You sh ould  n ow be fam iliar with  th e stat ist ical m eth ods for evaluatin g th e valid ity
an d reliability of screen in g an d diagn ostic tests. You  sh ould  be able to describe an d
calcu late th e m easures of valid ity of a test . You  sh ould  also be able to explain  th e
relat ion sh ip  between  prevalen ce an d predict ive values. Fin ally, you  sh ould  also
kn ow th e WHO guidelin es for in it iat in g a screen in g program m e an d be able to
review epidem iological data to m ake a decision  as to th e efficacy of screen in g for a
part icu lar d isease.
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Glos sa r y

Ab solu te (a t t r ib u tab le) r isk A m easure of associat ion  in dicatin g on  an  absolu te
scale h ow m uch  greater th e frequen cy of d iseases is in  an  exposed group th an  in  an
un exposed group, assum in g th e associat ion  between  th e exposure an d disease is
causal.

Aet io logy Th e scien ce or ph ilosoph y of causation .

Alloca t ion  con cea lm en t  Meth od wh ereby th e ran dom ization  sch edule to
allocate a treatm en t to part icipan ts in  a ran dom ized con trolled  trial is con cealed
from  th e in vestigator assessin g patien ts for in clusion  to preven t select ion  bias
occurrin g.

An a lyt ica l stu d y Study design ed to test  a h ypoth esis – for exam ple, to exam in e
wh eth er a certain  exposure is a risk factor for a part icu lar d isease.

Associa t ion Statist ical depen den ce between  two or m ore even ts, ch aracterist ics, or
oth er variables. Th e presen ce of an  associat ion  does n ot  n ecessarily im ply a causal
relat ion sh ip .

At t r ib u tab le (ab so lu te) r isk  fract ion Th e proportion  of d isease am on g th e
exposed group th at  is at tribu table to th e exposure.

Bias An y error th at  resu lts in  a system atic deviation  from  th e est im ation  of th e
associat ion  between  exposure an d ou tcom e.

Blin d in g Blin din g or m askin g is th e m eth od used in  a study in  wh ich  observers
an d/or subjects are kept ign oran t  of th e group to wh ich  th e subjects are assign ed.
Wh ere both  observer an d subjects are kept ign oran t , th e study is term ed a
double-blin d study. If th e stat ist ical an alysis is also don e in  ign oran ce
of th e group to wh ich  subjects belon g, th e study is som etim es described as
trip le-blin d .

Cases In dividuals in  a populat ion  wh o h ave th e ou tcom e of in terest  (e.g. d isease,
h ealth  d isorder, or even t  such as h eart  at tack or death ). Case defin it ion  sh ould
in clude clearly defin ed in clusion  an d exclusion  criteria.

Case–con t ro l stu d y An  observation al study start in g with  th e iden tification  of a
group of cases an d con trols. Th e level of exposure to th e risk factor of in terest
can  th en  be m easured (retrospectively) an d com pared.

Cau sa lity Th e relat in g of causes to th e effects th ey produce. Most  of ep idem iology
con cern s causality, an d several types of causes can  be d ist in gu ish ed.

Ch an ce Th e possibility th at  th e resu lts of an  ep idem iological study are due to
ch an ce alon e rath er th an  th e tru th .

Clin ica l t r ia l An  in terven tion  study in  wh ich  th e un it  of allocation  to th e d iffer-
en t  groups is th e in dividual. Th e allocation  of patien ts to th e in terven tion  m ay be
ran dom  or n ot .

Clu ster  ran d om ized  con t ro lled  t r ia l An  in terven tion  study in  wh ich  groups of
in dividuals (clusters) rath er th an  in dividuals are ran dom ized to an  in terven tion .
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Coh ort  stu d y A follow-up observation al study wh ere groups of in dividuals are
defin ed on  th e basis of th eir exposure to a certain  suspected  risk factor for a d isease.

Com p arison  grou p An y group to wh ich  th e in dex group is com pared. Usually
syn on ym ous with  con trol group.

Con fid en ce in terva l Th e ran ge of n um erical values in  wh ich  th e populat ion
value bein g est im ated is likely to be foun d. Confiden ce in tervals in dicate th e
stren gth  of eviden ce; wh ere confiden ce in tervals are wide, th ey in dicate less precise
estim ates of effect .

Con fou n d in g Situation  in  wh ich  an  est im ate of th e associat ion  between  a risk
factor (exposure) an d ou tcom e is d istorted  because of th e associat ion  of th e
exposure with  an oth er risk factor (a con foun din g variable) for th e ou tcom e un der
study.

Con fou n d in g variab le (Con fou n d er) A variable th at  is associated  with  th e
exposure un der study an d is also a risk factor for th e ou tcom e in  its own  righ t .

Con t ro ls In dividuals wh o do n ot h ave th e ou tcom e of in terest , an d used as a
com parison  group in  an alytical studies.

Cross-sect ion a l stu d y Descrip tive or an alytical study wh ere data on  risk factors
an d ou tcom es are collected  on  each  study part icipan t  sim ultan eously at  a sin gle
poin t  in  t im e.

Cru d e ra t e Th e rate in  th e populat ion  un adjusted  for age, sex or oth er
ch aracterist ics.

Descrip t ive stu d y Study design ed to describe th e d istribu tion  of variables in
a population  with out regard  to causal or oth er h ypoth eses.

Determ in an t An y factor th at  effects a ch an ge in  a h ealth  con dit ion  or oth er
ch aracterist ic.

Diagn ost ic accu racy Th e accuracy of a test  refers to th e level of agreem en t
between  th e test  resu lt  an d th e ‘true’ clin ical state.

Ecologica l fa llacy Resu lts from  ecological studies n eed to be in terpreted  with  cau-
t ion  as correlat ion s foun d at  th e populat ion  level m ay n ot h old  at  an  in dividual
level.

Eco logica l stu d y A study in  wh ich  th e un its of an alysis are populat ion s of groups
of people rath er th an  in dividuals.

Effect iven ess Th e exten t  to wh ich  an  in terven tion  produces a ben eficial resu lt
un der usual con dit ion s of clin ical care.

Efficacy Th e exten t  to wh ich  an  in terven tion  produces a ben eficial resu lt  un der
ideal con dit ion s.

Ep id em io logy Th e study of th e d istribu tion  an d determ in an ts of h ealth  states or
even ts in  specified populat ion s, an d th e application  of th is study to th e con trol of
h ealth  problem s.

Ex clu sion  crit eria Con dit ion s wh ich  preclude en tran ce of people in to a study
even  if th ey m eet th e in clusion  criteria for bein g a case.

Ex p osed In dividuals in  a study wh o h ave been  exposed to or possess a ch aracter-
ist ic th at  is a risk factor for a part icu lar d isease.

Ex tern a l va lid ity (gen era lisab ility) Th e exten t  to wh ich  th e resu lts of a study can
be gen eralized  to th e population  from  wh ich  th e sam ple was drawn .
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Follow -u p Observation  over a period of t im e of an  in dividual, group, or in it ially
defin ed population  wh ose relevan t ch aracterist ics h ave been  assessed in  order to
observe ch an ges in  h ealth  status or h ealth -related  variables.

Gold  st an d ard A m eth od, procedure, or m easurem en t th at  is widely accepted  as
bein g th e best  available (n earest  th e tru th ).

Hea lth y w ork er effect Workers ten d to h ave lower m orbidity an d m ortality rates
th an  th e gen eral populat ion  because people in  em ploym en t are by defin it ion
h ealth ier th an  th e populat ion  as a wh ole, wh ich  in cludes people wh o are too ill to
work.

Hyp oth esis A supposit ion  wh ich  is ph rased in  such  a way as to allow it  to be tested
an d confirm ed or refu ted .

In cid en ce Th e frequen cy of n ew cases in  a defin ed population  durin g a specified
period of t im e.

In cid en ce ra te (cu m u la t ive in cid en ce) Calcu lated  by d ividin g th e n um ber of
n ew cases of a d isease in  a specified t im e period by th e total populat ion  at  risk
durin g th at  period. 

In cid en ce r isk Calcu lated  by d ivid in g th e n um ber of n ew cases of a d isease in  a
specified t im e period by th e total person -t im e at  risk durin g th at  period.

In cu b a t ion  p eriod Th e delay between  exposure to th e cause of a d isease an d th e
diagn osis (or first  detectable sym ptom ) of a d isease.

In tern a l va lid ity Th e exten t  to wh ich  th e resu lts of a study are n ot  affected  by
bias an d con foun din g.

In terven t ion  stu d y A study design ed to test  a h ypoth esis th at  th ere is a causal
relat ion sh ip  between  two variables, by m odifyin g th e pu tat ive causal factor in  th e
populat ion  an d observin g th e effect  on  th e ou tcom e.

In terview er b ias System atic error due to an  in terviewer’s subcon scious or
con scious gath erin g of selective data.

La ten cy p eriod Th e t im e in terval between  d isease occurren ce an d detection .

Match in g A tech n ique used to adjust  for th e effects of con foun din g. Con trols are
selected  in  such  a way th at  th e d istribu tion  of poten tial con foun ders am on g th e
con trols is sim ilar to th e cases.

Measu rem en t  b ias System atic error in  m easurem en t or classification  of th e part i-
cipan ts in  a study.

Misclassifica t ion In correct  determ in ation  of an  in dividual’s d isease status,
exposure status or both .

Nega t ive p red ict ive va lu e Th e proportion  of people wh o tru ly do n ot h ave th e
disease or risk factor am on g th ose wh o h ave a n egative resu lt  in  a screen in g/
diagn ostic test .

Non -resp on se b ias System atic error due to th e d ifferen ces in  respon se rate of
part icipan ts in  a study; a form  of selection  bias.

Nu ll h yp oth esis A h ypoth esis of n o associat ion  between  exposure (or in terven -
t ion ) an d ou tcom e (disease state).

Ob serva t ion a l stu d y Epidem iological study in  wh ich  th e role of th e in vestigator is
observers wh at h appen s in  th e real world .
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Ob server b ias A type of m easurem en t bias th at  occurs wh en  data gath erin g is
influen ced by kn owledge of th e exposure (or d isease) status of th e patien t .

Od d s (o f d isease) Th e rat io of th e probability of gett in g th e d isease to th e
probability of n ot  gett in g th e d isease durin g a given  t im e period.

Od d s (of ex p osu re) Th e rat io of th e probability of h avin g been  exposed to a
part icu lar risk factor to th e probability of n ot  h avin g been  exposed.

Od d s ra t io In  a coh ort  study, th e odds of d isease in  th e exposed divided by th e
odds of d isease in  th e un exposed. In  a case–con trol study, th e odds of exposure in
th e cases d ivided by th e odds of exposure in  th e con trols.

P- va lu e Th e probability th at  an  ou tcom e as large as or larger th an  th at  observed
would  occur in  a properly design ed, execu ted , an d an alysed an alytical study if in
reality th e n u ll h ypoth esis were true.

Person -t im e a t  r isk A m easurem en t com bin in g th e n um ber of people an d t im e
observed, used as a den om in ator in  th e calcu lat ion  of rates. Represen ts th e sum  of
each  in dividual’s t im e at  risk.

Placeb o An  in ert  m edicin e or procedure th at  can  be given  to th e con trol group in
an  in terven tion  study.

Pop u la t ion  a t t r ib u tab le fract ion  (p op u la t ion  a t t r ib u tab le r isk  p er cen t ) Th e
proportion  of d isease in  th e study population  th at  is at tribu table to th e exposure.

Pop u la t ion  a t t r ib u tab le r isk An  est im ate of th e excess risk of d isease in  th e total
study populat ion  (of exposed an d un exposed in dividuals) at tribu table to th e
exposure.

Posit ive p red ict ive va lu e Th e proport ion  of people wh o tru ly do h ave a d isease or
risk factor am on g th ose wh o h ave a posit ive resu lt  in  a screen in g/diagn ostic test .

Pow er Th e stat ist ical probability of detectin g th e m in im um  differen ce if a
differen ce of th at  m agn itude or greater t ru ly exists.

Precision Th e accuracy or precision  of an  est im ate of a value.

Preva len ce Th e frequen cy of exist in g cases in  a defin ed populat ion  at  a part icu lar
poin t  in  t im e (poin t  prevalen ce), or over a given  period of t im e (period prevalen ce),
as a proportion  of th e total population .

Prim ary p reven t ion Measures taken  to preven t th e on set  of illn esses an d in jury.

Progn osis Th e possible ou tcom es of a d isease or con dit ion  an d th e likelih ood th at
each  on e will occur.

Progn ost ic factor Factors associated  with  a con dit ion ’s ou tcom es th at  predict  th e
even tual developm en t of th ose ou tcom es.

Prosp ect ive stu d y Study in  wh ich  data are collected  in  an  on goin g way durin g
th e study.

Ran d om  error Th e variat ion  of an  observed value from  th e true populat ion  value
due to ch an ce alon e.

Ran d om  sam p le A group of subjects selected  from  a population  in  a ran dom
m an n er (i.e. each  m em ber of th e population  h as an  equal ch an ce of bein g selected).

Ran d om iza t ion Meth od of allocatin g in dividuals (or groups of in dividuals) to
on e of two or m ore in terven tion  groups th at  is based on  ch an ce so th at  th e in di-
viduals h ave th e sam e probability of bein g allocated  to eith er th e experim en tal
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group (e.g. th e n ew treatm en t or drug bein g assessed) or th e con trol group (e.g.
n orm al curren t  practice, n o treatm en t).

Ran d om ized  con t ro lled  t r ia l Study design  wh ere in terven tion s, are assign ed
by ran dom  allocation  rath er th an  by con scious decision s of clin ician s or patien ts.

Ra te A rat io in  wh ich  th e den om in ator is expressed in  un its of person -t im e at
risk.

Ra te d ifferen ce Th e absolu te d ifferen ce in  th e in ciden ce rate between  a group
of in dividuals exposed an d a group n ot  exposed.

Ra te ra t io Th e rat io of th e in ciden ce rate in  an  exposed group to th e in ciden ce
rate in  an  un exposed group.

Reca ll b ias System atic error due to th e d ifferen ces in  accuracy or com pleten ess of
recall or m em ory of past  even ts or experien ces; a type of m easurem en t bias.

Rela t ive r isk Relative m easure of risk est im atin g th e m agn itude of associat ion
between  an  exposure an d disease (or oth er ou tcom e) in dicatin g th e likelih ood of
developin g th e d isease in  th ose exposed relat ive to th ose un exposed.

Rep ea tab ility A test  or m easure is repeatable if th e resu lts are iden tical or closely
sim ilar each  t im e it  is con ducted  un der th e sam e con dit ion s.

Rep resen ta t ive sam p le A sam ple th at  h as th e sam e ch aracterist ics as th e popula-
t ion  from  wh ich  it  was drawn  an d wh ich  it  represen ts.

Resp on d er b ias A type of m easurem en t bias th at  occurs wh en  th e in form ation
given  by a part icipan t is n ot  in depen den t of th eir exposure (or d isease) status.

Resp on se ra te Th e n um ber of people wh o com pleted an d retu rn ed a question n aire
or wh o part icipated  in  an  in terview divided by th e total people wh o were eligible to
com plete/part icipate.

Ret rosp ect ive d a ta  co llect ion Data on  d isease status or exposure status are
collected  after th e even ts h ave occurred  (as opposed to prospective data collect ion ).

Risk Th e proportion  of people in  a population  in it ially free of d isease wh o develop
th e d isease with in  a specified t im e in terval (th e probability th at  an  even t will occur
with in  a specified t im e).

Risk  factor Patien t  ch aracterist ic (eith er in h erited , such  as a blood group, or
beh avioural, such  as sm okin g an d diet  h abits) or en viron m en tal factors (such  as
exposure to asbestos) associated  with  an  in creased or decreased probability (risk) of
developin g a d isease (or oth er ou tcom e).

Risk  ra t io An  en viron m en tal exposure or in h erited  ch aracterist ic wh ich  is th ough t
to be associated  with  an  in creased or decreased probability of occurren ce of d isease
or oth er specified h ealth  ou tcom e.

Sam p le size Th e n um ber of in dividuals in  a group un der study.

Screen in g Th e organ ized at tem pt to detect , am on g apparen tly h ealth y people in
th e com m un ity, d isorders or risk factors of wh ich  th ey are un aware.

Secon d ary p reven t ion Measures to detect  presym ptom atic d isease wh ere early
detection  will m ean  a better ou tcom e.

Select ion  b ias System atic d ifferen ces in  ch aracterist ics of th e part icipan ts in  a
study between  th e study an d con trol groups, so th at  th ey differ from  each  oth er by
on e or m ore factors th at  m ay affect  th e ou tcom e of th e study.
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Sen sit ivity Th e proportion  of ‘true posit ives’ correctly iden tified by a test . If th e
sen sit ivity is low, it  suggests th at  a substan tial n um ber of posit ives h ave been
m issed. Th ese are th e ‘false n egatives’.

Sp ecificity Th e proportion  of ‘true n egatives’ correctly iden tified by a test . Th e
specificity is low if th e proportion  of ‘false posit ives’ is h igh .

Stan d ard ized  m orta lity ra t io Th e rat io of th e n um ber of even ts observed in  a
study group or populat ion  to th e n um ber th at  would  be expected  (with  appropriate
allowan ce for age, sex an d oth er con foun ders) if th e study population  h ad th e sam e
specific rates as th e stan dard  populat ion .

St ra t ifica t ion Th e process or resu lt  of separatin g a sam ple in to several subsam ples
accordin g to specified criteria such  as age groups or socioecon om ic status.

Ter t ia ry p reven t ion Measures to reduce th e d isability from  exist in g illn esses an d
preven t it  from  gett in g worse.

Tru e p reva len ce Proportion  of people in  th e populat ion  wh o really do h ave th e
disease in  question , regardless of th eir test  resu lt . From  a test  resu lt  poin t  of view, it
in cludes th e ‘true’ posit ives an d th e ‘false’ n egatives.
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