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Jceberg phenomenon of discase

Epi.j.:n}iolng:st and others who studv disease find that the
pattern of disease in hospitals is qQuite ciiffereni from th*:l inf
communitv. That is, a far larger pProportion of diseasec(e :
Jlabetes.  hvpertension) is  hidden from view in tie
community than is evident to physicians or to the general
public. The analogy of an iceberg, only the tip of which is
seen. is widely used to describe disease in the community.

The concept ot the “iceberg phenomenon of disease”
[Page 39) gives a better idea of the progress of a disease
from its sub-clinical stages to overt or apparent disease than
the familiar spectrum of disease. The submerged portion
of the iceberg represents the hidden mass of disease (e.q.,
sub-clinical cases, carriers, undiagnosed cases). The floating
tip represents what the physician sees in his practice. The
hidden part of the iceberg thus constitutes the mass of
unrecognized disease in the community, and its detection
and control is a challenge to modern techniques in

preventive medicine.

Concept of screening
The active search for disease among apparently healthy

people is a fundamental aspect of prevention. This is

embodied in screening, which has been defined as_

rch for unrecognized disease or defect by means o
: fﬂ -E;"’ ied tests, e: a.minaﬁons or Qiﬁg‘-r procedures in
Iy healthy individuals.”

Historically, the annual health examinations were meant
for the early detection of “hidden” disease. To bring such
examinations within the reach of large masses of people with
minimal expenditures of time and money, a number of
alternative approaches have come into use. They are base'd
primarily on conserving the physician—time fc?r dmgnosm
and treatment and having technicians to administer simple,
inexpensive laboratory tests and operate other measuring
devices. This is the genesis of screening programmes. The
original screening programmes were for individual diseases
such as tuberculosis, syphilis or selected groups such as
antenatal mothers, school children and occupatif::nal groups.
Over the years, the screening tests have steadily grown in

number (Table 8). Screening is considered a preventive care
function. and some consider it a logical extension of health

care.
Screening differs from periodic health examinations

in the following respects (1):
1) capable of wide application
2) relatively inexpensive, and
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3) requires hittle physician
18"

not required to administer the
interpret (i

ol

A screening test is not intended to be a diagnostic
is only an initial examination Those who are l:::ur:n,: 10 have
positive test results are referred to a physician lor hurther
diagnostic work-up and treatment. Screening and diagnost

tests mav be contrasted as in Table 1.

1 Done on apparently healthy Done on those with
| indications or sick.

Applied to single patients,

2 Applied to groups
all diseases are considered

Diagnosis is not final but
modified in light of new
evidence. diagnosis is
the sum of all evidence

3 Test results are
arbitrary and final

Based on evaluation of a
number of symptoms, signs
(e.g., diabetes) and
laboratory findings.

4 Based on one criterion
or cut-off point

5 Less accurate More accurate.

6 Less expensive More expensive.

7 Not a basis for treatment Used as a basis for treatment.

8 The initiative comes from The initiative comes from
the investigator or agency a patient with a complaint.
providing care.

Source -.(2)

/

However, the criteria in Table 1 are not hard and fast.
There are some tests which are used both for screening and

anaemia and glucose tolerance test.

diagnosis, e.g., test for a
Screening and diagnosis are not competing, and different

criteria apply to each.

\j:on/cept of “lead time"

Fig. 1 shows the possible outcomes for a given disease
process. There is nothing to be gained in screening for
diseases whose onset is quite obvious. Detection
programmes should be restricted to those conditions in

which there is considerable

and the usual time of ime
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-, In this eriod.
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‘Usua“y a nurﬂt’.{’T ol ¢critical PaInts which determing both the b Case ’l”(’” ‘ | ar et o laboratory tests e, 1
Severity of the disease and the success of any lreatment in [his s use of clinica - health core lor athey —
I‘E\E[ﬂng__th? 'dlﬁt’ﬂﬁi" PTrocess There 1s clearly httle value 1n MM‘— 'm%‘
HE:EC""Q disease in advance of the usual time of diagnosis example, the usd : discases include i, "
lln es., : T @™ v 5 y M S ' il : f]t I‘"r . rlr”-
s such detection precedes the linal critical point bevond pregnant women. . hypertensior r:;r..m

hest symplomatics

which treatment would be unsuccessful and o permanenl :
et diabetes mellitus, ¢

damage would be done Detection programmes should,
therefore. concentrate on those conditions where the time
lag between the disease's onset and its {inal critical point is c. Diagnostic tests

sufficiently long to be suitable for population screening (3). and/or labaratory [)rr;rur]uwu ey ¢ nfire, .

“lhl'll“h_l"’tl"i in «
cancer. breast cant

Jse of clinical

true Mrmm '

Disease Cirst Final Usual OUTCOML refute lhp.- | | 1oy e e
onset possible critical time of — e VDRL testing of patient, N
detection point diagnosis diagnosis W lor exampie, hilis, endoceryic 4l Yo
| " A lesions suggestive of secondary syphnis. CBY g,

' ~ for N. gonorrhoea.
l——_l B ) » 17 (ALEC i s [T

Screening time The distinction between %[rmm;:?r;.,,pu:w f NG
I—_—_I diagnosis ShDUld be clear-cut. O tjr:'h{.-'; #}_ '/ 'q' » 1 i fgeed
. fe 4 Z Na Galare] o ra .
Lead time by the multiplicity of tests used an o pﬁ';” ' ?r e o
FIG.1 diagnostic decision-making. Thus the same 1est may he o

: ing and fJi’if'r (%18
Model for early detection programmes in different contexts for both screening t - LAl f.-ar,r

; inle tests as in the case of sypry
~leead time” is the advantage gained by screening, i.e., lstep rr}aitiizuo;vfesr?utl}t]:n' one must consider whethe, 4
tl'_le period between diagnosis by eafly detection and . EVEeS - di’agnosis alone or in conjunction s
_diagnosis by ather means. In Fig.1, A is the usual outcome for screenlnlgg ' o
of the disease. and B is the outcome to be expected when other tests (13).

the disease is detected at the earliest possible moment. The ;
. ‘ in
benefits of the programme are therefore B-A. The benefits Uses of screening

of the programme must be seen in terms of its outcomes. It is Four main uses have been described:

also necessary for the complexities and costs of any

detection programme to be viewed against the benefits 9 .

accruing therefrom (3). This is also known as “prescriptive sc;eeﬂiﬂgﬁ- It is
_ : ive identification of unrecoagn;j

Aims and objectives ,Efm# as :[he pr:iwﬁ-.lmfs reques;,n:?
The basic purpose of screening is to sort out from a large  neonatal screening. In other words, people are screened

group of apparently healthy persons those likely to have the primarily for their own benefit. Specific diseases sought by

dj:i-;ease Oor at increased risk of the disease under study, to  this method have included bacteriuria in pregnancy, breast
bring those who are “apparently abnormal” under medical cancer, cervical cancer, deafness in children, diabetes

supervision and treatment (Fig.2). Screening is carried out in mellitus, iron deficiency anaemia, PKU, pulmonary
the hope that earlier diagnosis and subsequent treatment tuberculosis, haemolytic disease of the newborn, etc. (5).
favourably alters the natural history of the disease in . Sinece-disease detection is initiated by medical WMC
a significant proportion of those who are identified as health personnel, they are under special obligation to make
positive (4). sure that appropriate treatment is started early.

E

Apparently healthy
(Screening tests)

'[___————l This is also known as “prospective screening’ . People are

examined for the benefit of others, e.q.. screening of

L —

&iﬂ?{;ﬁ;ﬂiiﬂ;ﬁng} Apparently abnormal immi.g.rants from infectious diseases such as tuberculosis and
(a) Normal - periodic SgphltllS to PYO’_EBCt tl:le home population: and screening for
1 re-screening streptococcal infection to prevent rheumatic fever. The
(b) Intermediate — >creening programme may, by leading to early diagnosis
surveillance permit more effective treatment and reduce the spread of

(c) Abnormal - infectious disease and/or mortality from the disease.

freatment
— ¢. Research purposesy
, Possible outcomes of screening Screeman may sometimes be performed for research
) purposes. For example ic di

Explanation of terms v ple, there are many chronic diseases

. ose naitural history is not fully known (e.g., cancer,
vpertension). Screening may aid in obtaining more basic

knowledge about the nat ' ‘
_ | " - ‘ “i 1 . ural history of such diseases, as for
Strictly speaking, screening is testing for infection or example, initial screening providess: a prevalence estimate

disease in populations or in individuals who are not seeking and subse :
_ quent screenin an inci ' ere
health care: for example. serological testing for AIDS virus in screening is done for B e, e R

; * rese ' jgator
blood donors, neonatal screening, premarital screening for  should inform arch purposes, the investiga

1 the study partici w-u
syphilis. therapy will be available. participants that no follow-up

a. Screening
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i _H_I . A o . s N has eniionis
from possible benefits to the indiv o o g aidens e
J

art

Ap ition of information { idual and the lmlmlmaw. and gvidence from randomized ff.mhfl”l*d
vaUIS.ng Srogtammes ) ? public health relevance udies in UK and USA sugaestied that multiphasic screenmng
Screenl Of QX{HT’\D'H‘ 'i;‘{--'!'[h{}nin(l I[]; hﬂ'i nu' nh[JWII Il'lul hi!rll"h' ll{-fl'iﬂllfl 10 ”‘,1-' r}f'.-pl,]‘ﬂhr}ﬂ 10

| rovide opportunities
dlabetes}s: aI::'ld for educ‘;ﬁomimmeh tof creating public lerms of morlality and morbidity reduction (9). On the othe
arene s l}g 1ealth ])TO(ESMDHHIS, YL e hr,lll{_l' it has il‘lf'll’ﬂhi"-' the cost eyf health services withou! arw

V A——
| i . _ observable benefit. Curthermore, In muitiphasic screening,

SCAT kN ' . | |
BEVIRPIRA. ¥ as currently practised, mosl of the fests have not been
validated. These observations have cas doubts on the utility

of multiphasic screening (10, 11).

Three types of screening have been described:
2. Mass screening |

b. High-risk or selective screening CRITERIA FOR SCREENING

Before a screening programme 15 initiated, a decision
nust be made whether it .« worthwhile, which requires

J——— s _ ethical. scientificmand, if possible tinancial justification (4)
Mass Sf?g)ngga SSIL‘:;PIB’ means-the screening of a whole. Iheicriteria for screening are based on WO considerations:

_ﬂ _- ffﬁ . Al -group, as for example, all adults (7) the DISEASE to be screened, and the TEST to be applied

It 15‘ oliere O all, II‘I‘ESpeCtlUE of the Dal'ticular I'iSI; (12 13'14 15)

indivldual may run of contracting the disease in question % ol

c. Multiphasic screening,

Mass screening for disease received enthusiastic support The disease to be screened should fulfil th_e following
in the past. However, when a number of mass screening criteria before it 1S considered suitable for screening:
procedures were subjected to critical review, there appeared it] hould b | tant health
to be little justification for their use in mar; inst e 8 1. the condltlon sought shou e an imporia
Indiscriminate mass screening, therefore 55, 22? et (f)i problem i general prevalencfe should be high):
preuentive measure unless it is backeci ip: by asul;’faebllle 2. there shoul_d be a recognizable latent oOr early
treatment that will reduce the duration of illness or alter its asymptomatlc Sk =4 : '

9  the natural history of the condition, including

final outcome. ,
development from latent to declared disease, should

be adequately understood (so that we can know at
what stage the process ceases to be reversible);

‘."‘ o1 Ny i ey t' e P Sl oy A il
wrisk or selective screening

Scrgenlng will be most productive if applied selectively to 4 there is a test that can detect the disease prior 1O the
high-rlsk groups, the groups defined on the basis of onset of signs and symptoms;
epidemlologlcal research (7). For example, since cancer 5 facilities should be available for confirmation of the
cervix tends to occur relatively less often in the upper social diagnosis;
gI'OLlpS, SCI’GE!ﬂiﬂg fOI' cancer CeI"UiX in the lower SOCial 6_ there is an effective treatment;
groups could increase the yield of new cases. One 7 there should be an agreed—on policy concerning
population sub-group where certain diseases (e.g., diabetes, whom to treat as patients (e.g lower ranges of blood
hypertension, breast cancer) tend to be aggregated in the pressure; border-line diabete.s)-"
family. By screening the other members of the family (and 2 th - : : :
, (TR "  there is good evidence that early detection and

close relatives), the physician can detect additional cases. +oatment reduces morbidity and o talitos

Epidemiologists have extended the concept of screening 9 the expected benefits (e.g.. the number of lives saved)
for disease to screening for “risk factors”, as these factors of early detection exceed the risks and costs.
apparently antedate the development of actual disease. For
example, elevated serum cholesterol is associated with a When the above criteria are satisfied, then only, it would

high risk of developing coronary heart disease. Risk factors, be appropriate to consider a suitable screening test.

particularly those of a patho—physiological nature such as
serum cholesterol and blood pressure are amenable to
effective interventions. In this way, preventive measures car
be applied before the disease occurs. Besides effectiveness,

Screening test

J an besides others such as yield,
safety, rapidity, ease of administration and cost.

LAD] A

economical use of resources will also occur if the screening implicity,
tests are selectively applied to . dividuals in high-risk group. Tests most likely to fulfil one condition may however, be
least likely to fulfil another — for example, tests with greater
“ accuracy may be more expensive and time consuming. The
choice of the test must therefore often be based on

It has been defined as the application of two or more _
screening tests In combination to a large number of people compromise.

at one time than to carry out separate screening tests for —
| include a health

tion and a range of Since a high rate of cooperation is necessary, it is
ns (e.g., chemical and  important that the test should be acceptable to the people at
d urine specimens, lung  whom it is aimed. In general, tests that are painful,
assessment, audiometry and measurement of visual  discomforting or embarrassing (e.g., rectal or vaginal
.h can be performed rapidly with the examinations) are not likely to be acceptable to the

s :"i' I“'
qanization and equipment (7). population in mass campaigns.
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Peﬁ;ig the disease (lable 3). -[Pan(‘(f aroup not

SEIlaitiv‘ ‘#',r"l'il*-ll ivily
‘ e s an bl I
her with “predictive accur W and

acyﬂ a . Sp[‘[l“t”\_}. "-.*--“'/ o ‘ '
tﬂ‘get cening test. These are e Inherent The term sensitivity was introduced by Yerushalmy 17)
a

| Propertie : .
of sCIe discussed below l . in 1940y as a statistical index of diagnostic accuracy It has
TABLE 3_.A l]"‘l'” (Iph!'“.lfl NG ”]l’ ;-1‘”‘”? {_}‘ A test {0 “il-"n' | !
~ | | % A ) per
Screening test result bu Pro | { e
o - _ﬁ[‘j_‘“‘ T— i ppnp‘g sereened |)y the test will give a true pﬂ‘illl\;‘&"l result
iagnﬂﬁiﬁ I P 3 o t l -
_ Total and the remaining 10 per cent a lalse-negative  result
| Diseased Not dj |
" it TR seased 5 ficit
i s . s ol B0 Sp icity
m a (True-positive) (False-positiye) \)d

| a+b It is defined as the ability of a test 1o w
| Negative € (False-negative) ¢ (True-negative) e 8 those who do not have the discase, that as, es”

' Total a+c b+ d A 90 per cent specificity means that 90 per cent of the non-
e — a+tb+c+d| (iseased persons will give “true-negative” result, 10 per cent
of non-diseased people screened by the test will be wrongly

The letter "a’ (Table 3-A) dep
round positive on the test who have the condition or classified as “diseased” when they are not.

disorder ibsiljg studied (i.e., true-positives). The groy To illustrate, let us compare the sensitivity and specificity
abelled b includes those who haye a Positive test g;eéulljt of EEG and CAT screening for diagnosis of brain tumours
put who do not have the disease (i.e., false-positives) (Tables 4 and 5).

Group “C’ i_ncludes_ those with negative test results but who It can be seen from Tables 4 and 5, the CAT screening test
have the d;sT;ase h(l‘edq faliet—lnegatiues)_ Finally, those with  is both more sensitive and more specific than EEG in the
results Who do not have the disease ar’ | ' diagnosis of brain tumours.
" (i.e., true-negatives). © Indluded in :

otes those individuals

negaﬁUE

In dealing with diagnostic tests that yield a quantitative
: - result (e.g., blood sugar, blood pressure) the situation is
tion of a screening test- different. There will be overlapping of the distributions of an

The following measures are used to evaluate a screening attribute for diseased and non-diseased persons (Fig. 3).

test: False positives and false negatives comprise the area of the
(a) Sensitivity = a/ (a + ¢) x 100 overlap. When the distributions ovﬁrlap, itlis not pqsls‘lble l:o
PO correctly assign individuals with these values to either the

(b) Specificity = d/(b + d) x 100

normal or the diseased group on the basis of screening alone.

(c) Predictive value of a positive test = a/ (a + b) x 100 For examnle, if we decide to use the 2—-hour post-prandial

d) Predictive value of a negative test = d/(c + d) x 100 blood glucose level of 180 mg/100 ml as an index of the
) Percentage of false-negati B presence of diabetes mellitus, the sensitivity and specificity
€ . gatives = c/(a + c) x 100 are 50 and 99.8 per cent respectively (Table 6). In other
words, sensitivity is low, but specificity very high. Further it
will be seen from Table 6 that sensitivity and specificity are
inversely related. That is, sensitivity may be increased only
at the expense of specificity and vice versa. An ideal

screening test should be 100 per cent sensitive and 100 per
TABLE 3-B cent specific. In practice, this seldom occurs.

Screening test result by diagnosis TABLE 4
Diagnosis of brain tumours by EEG

(f) Percentage of false-positive = b/(b + d) x 100

Let us rewrite Table 3—A substituting hypothetical figures
(Table 3-B) and calculate the above measures:

-Scteening Diagnosis Total .
test results Diseased Not diseased e EEG results Brain tumour
;a_s-ihtiue 40 20 60 Present Absent
(a) (b) (a+b) Positit,"e 36 54.000 }
Negative 100 9,840 9,940 Segatine 4 306,000
| (c) (d) (c + d) 40 360,000
140 9,860 10,000 Sensitivity = 36/40 x 100 = 90 per cent
(a + c) (b + d) (a+b+c+d) Specificity = 306,000/360,000 x 100 = 85 per cent
_— = A TABLE 5
(@) Sens;twlt?- = (40/140) x 100 28.97'% Diagnosis of brain tumours by computer assisted axial
(true-positive) tomography
(b) Specificity — (9840/9860) x 100 = 99.79% | I———
(true-negative) CAT results Brain tumour ]
(c) False-negative = (100/140) x 100 = 71.4% s P-regzﬂi =
ositive |
(d) False-positive = (20/9860) x 100 = 0.20% Neﬁiﬁﬁe 1
le) Predictive value = (40/60) x 100 = 66.66% 40 |
of a positive test S y s s _ t
(f) Predictive value = (9840/9940) x 100 = 98.9% ensitivity = 39/40 x 100 = 97.5 per cen
of a negative test Specificity = 342,000/360,000 x 100 = 95 per cent
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