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SUMMARY. A pew estimator of the sutoff pomnt at which the enm of sensitivity snd speoci.
fleity of an indicator is maximum is derived and some statisticsl properties of thir extdimator are
jnvestigated, Using this mothoed, an sstimate and it varience of the wnboff point of the anthro-
pometric indox weight-for-age a& an indioator of mortality is obtained from & Hangalsdeah
ptudy. A situation is described where this wems to bo the only eetimator obtaineble
from data.

1. INTRODUCTION

In many cases, the prevalence of & disease or the proportion of persons
at the risk of a disease is estimated by an indicator that is easier to measure
than the disease itself. For example, protein-energy malnutrition (FEM)
s often measured by an anthropometric indicator (Waterlow etal., 1977),
and in turn this indicator may he used as a predictor of mortality (Bairagi
et gl., 1985) and morbidity (Black ef ol., 1984). Two important characteristics
of en indicator are its sensitivity (probability of discased vorreetly ideniified)
and specificity (probahility of nondisessed correctly tdentified). If the
trae proporfion of diseased persons in the population be P, the diagnosed
proportion of diseased persons in the population, p, is (Habicht, 1980) :

p = Pxsed-(1—P)x(1—ap) (L)

Diagnosed proportion 2 is vsually & biased estimator of true proportion P
{Rogan and Gladen, 1976). However, to monitor the dissase stete in & popula-
tion over time and to compare the proporbions of diseased between two
populations on the basis of the diagnosed proportions, one would like to aee
change in p is as large as possible for a change in P. Bince this changa is

9

P = (se-+op—1), e 03)

AMS (1980 subjsct clsasification : 82P3)
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one would like to seb up the identification procedure in such a way thaf 4h,
sum of sensitivity and specificiby (553) is maximam. The 888 of an indicagg
wwith interval seale depends on ita cutoff point, ae shown in Figure 1.

disepsed TX., &)
[—-) nondiseased € (X, a),

Indimior

Fig. 1. A hypothetieal distribution of the velues of an indicator of discased
and nondipsased parsons.

If ¢ 18 the cutoff poins, s is the lined ares to the left of ¢ and under f{X, 6,);
and ap is the dotted area to the right of ¢ and under (X, 4,). U f(X, 8, and
fiX, 8;) both are Gaussian, 888, O, will be mazimum af (Bairagi, 1981 ; 34-30)

b= [ ot~ H{ ot~ —tod—oD) (oi—pdoD—2otoitn T2}

f[ﬂ'g—a'fh [13)
8 = (. 0F) and 8y = (uy, 7).
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2
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§ = I‘;I‘ is the maximum iikelihood estimator (MLE) of ¢ in equation (1.4.)

Dsually, the disteibution functions of the indieators of diseased and
nondiseased persons remain unknown, srd a paramctric MLE ecannot be
obfained. However, if the frequency distributions of diseased and nond-
seased persons are known SSS can be obbained at different cutoff pointh,
and the maximum sum of sensitivity and apecificity (MRSH) and its correspond:
ing cutoff point can he abtained numerically as shown in Table 1,
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TABLE 1. DIETRIBUTION OF INDICATOR (WEIGHT-FOR--AGE} OF BANGLADESHI
CHILDEREN AGED 12-13 MONTHS BY THEIE MORTALITY STATUS IN
FIBST 24 MONTHS FOLLOWING ANTHROPOMETRY AND THE
CORRESPONDING SENSITIVITY, SPECIFICITY, AND

PERAOPORTION DIED

—— L S e ]~y — —

indieator dead alive aa ap RHSS pmgﬁiun
(1) (2) (8) (4) (&) (8} (1)
< 4b 13 A 12 6 1(8 0. 159
T 17 BB 27 91 118 (. 160
5655 15 3L 41 El 122 0.07d
80-61 24 2046 a3 il 123 0.074
L1 11 99 73 14 117 0,027
70-T4 12 434 854 27 111 0. 036
Th-15 14 3L5 93 11 108 0.081
a0-84 B 134 95 2 1040 0. 042
&85t Z 47 L1 0 100 0.4l
wdl 110 1 868 {. 058

£y = B4.5

The weight-for-age (see Table 1) ia defined as the ratio of the weight of
the study child to the weight of the reference child multiplied by 100 (Bairagt,
1986}, This indioator has been widely used throughout the World to inveatigate
tha nutritional status of children and it has been found to be a good perdictor
of mortality in many studies (Bairagi et al., 1985 Kielmann and McCord,
1978}. Some characteristica of this indicator are awvailable in Waterlow &t.¢al.
1977. In Teble 1, the distribution of weight-for-age of childrer hy their
mortality status in the first 24 months following anthropometry, the corres-
ponding sensitiviby and specificiby. and mortality rate are given from s
Bangladesh study (Bairagi, 1981 : 55-70). Here sensibiviby expressed in
peroent at a cutoff pointi § ia the proporfion of children having a weight-for-age
value less then or equal to £ among those children who died in the 24 monthe
following amthropometry, This is the percent of children who died correctly
claggified at the cutoff point ¢ at the time of anthropometry. Similarly,
specificity expressed in peroent at a cutooff point ¢ is the proportion of children
having a weight-for-age value greater or equal to { smong those children,
alive efter 24 months following anthropometry. This ia the percent of
children alive correctly classified at the entoff poiné ¢ at the time of anthropo-
metry. Specificity at the cutoff point ¢ in the table may also be defined as
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100 minus the sumulative percent of children alive to the point & MSSS i,
this table belongs to the weight-for-age value of 6084, Therefore, ¢,

numeric ostimate, ¢, oquals 64.5, the mid-value betweon the end poiny of
6064 and the heginning point of 65-69,

This cutoff point of M33S can be oblained graphically using the informg.
tion on proportion of diseased or deed (column 7 in Table 1) at different valyeg
of tho indientor, That estimator is obtained below.

2, GRAPAIC RATIMATOR f;

Let flx, &) be the denstby funcéion of the indicator for the combined
group (disessed and nondisessed), and let the proportion of diseased in the
population at » be R(z).

Therefore
N = Total numbsr of persons = N r_f{a:, ) dx,

sud vy
D = Number of diceased persons = N | flz, 8) Riz) dx.

Let £ be the outoff point. Therefore
:
se=N [ fiz, 8). R2) deyD,

and " o
& = [N—N :[mf{m, &) de—N gj flz, 6} . R[m}dx]f[ﬂ—-ﬂ}

The sum of se and ap is

N f fe,0) R@)de N—N { f(z,0)dv—N | f(z,6)- Riz) de
—m - ¥

=TT T RGP
2 _ N-ftt, 6). B)  —N -f,6)-N - ft, 6) - B()
at D N-—-D
. PD
Setting x =0

R{t) = g_. . 2

{== B (%J XY
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In the Gauvesion casges described in (1.3)

(D
RY = — N ) (0% 2)~V% exp {—(271 07 ") f.f—m‘,l*}]
{5 ) ot 3m oxp =272 078 ()

+{1—5r)- 03 2y exp{—t2-1 o7 (-]

Putbing thia value of B{) in (2.1), £ in (1.3) can be obtained easily.
From (2.2) it appers that at point t, where the proportion of diseased

persons is -2y on ths Riz) owrve S8 will be maximum or minimum, Replucing
population value D, N, and R{x) by sample value d, n, and r(x} where {x)

estimates R(x}—the graphic estimator, f,, oan be obtained as shown in Figure
2 uging date from Table 1.
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Fig. 2. Estimation of the graphic satimate.
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A parsallel line, 485, from poind —E— = 0.056 on the y-axia t0 the z-pyia
cubs r{z) at B. ¥rom B, the perpendicular on the z-axis will meet at the

required point, £;. [t should be noted that the numeric estimator obtained
in Table 1 and the graphic estimator obtained in Figure 1 are the same,
Some discrepancy between the graphic estimate and the numeric eatimate in
2 sample may oceur due to grouping of observations and rounding off values,
And if the disease or desth curve E(r) is not a monotonically decreasing or
increaging function of x, there may be more than one cutoff point at which
888 will be maximum or minimum depending on the =ign of the slopes of
Rz,

St
3. STATISTICAL PROFERTIES OF iy

The sample proportion of diseased person % in the i-th class of the indica.-
I

tor is & maximum likelithood estimator of % . The diseage curve B(x) in the

population is obtaired by joining % for different values of {. Similarly,

r(z} curve in the sample iz obtained by joining i—: On the other hand,

%is a maximmn likelihood estirmator of % By the invariance property
of the maximum Lkelihood estimator (Mood & ul., 1974 : 284-2886), E ==
1 (%) is a maximupm likelikood estimator of $ = B-1 (%) . Therefore, ?; is

congistent and asymptotically unhiased,

Tt is reasonable to assume that the R{x) curve is a monotonioally decress-
ing or increasing function of & at the neighbouring points of ¢ = R“(%).
Under that assumption and according to Cramer’s general convergence theorem
{19486 : 263-2565)
ar { 4 ry
Var ( ;‘i) = it var {f),

where #, is the slope of R(z) at % and can be estimated from a few neighbor-

ing peints of r’l( %]Hﬂlﬂ their corresponding »{x). Estimated variance of 3,18

- 1 4 d
var (tﬂr) == % . ﬂ: . ?;(1'—"- --—). . (3.1}
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In the example given in Figure 1, #, was estimated regressionally as 0.00318
from the following four pointe : (57.5, 0.073), (62.5, 0.075), {67.5, 0.027) and

(72.5, 0.036), The sstimated variance of %, was

1 1

var i) = -o03Te¥ X 1975

X 0.0560.944 = 2.7.

4, CoNoLUSIONS
In most sifuations, a parametric MLE or any other parametrie estimators
of £ will not be oblainable, and one will have o depend on the numsric eati-

mator, £, or graphic estimator, ;. However, if the data are adeguate to obtain

E;, thoze data necessarily permit one to obtain ?g But the reverse is not true,
A practicul exarapie can be given from Kielmann and MeCord’s study (1978),
where the anthropometric indicator weight-for-age has been used as an index
of risk of death in children. In that study 148 children died during 8,157
child-years’ follow-up. Proporfion of death at different velues of the indi-
eator, weight-for-age, is available in a figure from that study. Since no
distribution of fhe indicator by mortality statng is available, one can obéain

1; = 73.2 from the figure of that study, but no parametric estimator or 'E;
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