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Introduction

THE purpose of this paper is to estimate the mean period of natural infecundability
following a childbirth. Assuming that the expiry of P.P. A. or lactation are caused by two
forces which are competing with each other. Lactation period following a childbirth is
considered to be infecundable. However, sometime, reconception of fresh menstrual cycle
even before the natural discontinuance of lactation period brings a mother under the risk of
reconception. Our object is to measure the expected longevity of the lactation period given
that the expiry of P.P.A. takes place at sometime after the same. In this case lactation period
may be taken as the measure of infecundable period unless expiry date of P.P.A. is
substantially larger. On the other hand, if expiry of P.P. A. occurs before the lactation period,
the natural infecundability period would be given by the mean period of P.P. A. given that
expiry of lactation follows the same. Since the first and second measure may provide little
under-estimation and overestimation respectively; therefore the two measures of mean
infecundable period should be weighted by the respective probabilities of the events [viz.
P (P.P.A. > lactation) or P (lactation > P.P.A.)] and the mean infecundable -period may
therefore be estimated with precision. The present exercise is devoted to the same. Let Xi
be a r. v. representing the period of Post Partum Amenorrhoea (P.P. A.) following a childbirth
and X2 be ar.v. representing the period of lactation following a childbirth.

The expiry of P.P.A. or the period of lactation eventually brings a mother further into
the risk of conception. The forces causing the expiry of P.P. A. and that of lactation period
may be considered as two risks (correlated) competing with each other to cause reconception.
In this problem an attempt has been made to provide a methodological solution for estimating
the mean length of the lactation period when P.P. A. is expired only after the same; and the
mean length of the PP. A. when lactation period is still continued even with the cessation of
the same. The entire exercise is methodologically illustrated by using Freund's (1961)
bivariate exponential model representing the two variable which may be identified as (Xi =
Period of P.P. A.), (X2 - Period of lactation). Further, the suitability of the model representing

* 'P' stands for probability.
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the interaction between P.P.A. and lactation is given by the following features of the model
viz:

1. The model distinguishes the joint probability distribution of P.P.A, (X1) and lactation
period (X2) according as X) < X2 0r X1 > X7,

I1. Given thac P.P.A. is over with intensity o and lactation with intensity §; given that
on expiry of P.P.A {X1} with intensity « the expiry of lactation period would be with much
great intensity B rather than B (B* > P}

Similarly, given that the expiry of lactation period is caused first with intensity B,
the expiry of P.P.A. would be accelerated with a much greater intensity o rather than
a{a’' > Q)

-

These features make Freund's model suitable (which is otherwise very suitable model
to represent several problems is survival analysis and competing risk theory).

Estimate of the infecundable period.

Infecundabie period
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Let Freund's Bivariate exponenual model represent the joint dlsmbunon of P. PA (X 1)
and the lactation period (X2) given by : .
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F, )= D1@ ) = of expl-fn-@+B-Fn] ;0<n<xn (1)
T Fax, x0) = oB expl-on —(@+B-0) %] 10< x2< Xy (18)

(1a) represents the case when P.P.A. preceds the lactation period, and (1b) represents
the case when lactation preceds the P.P.A.

Then following the concept of competing risk theory (David and Moeschberger 1978)
we define the death density functions of P.P.A. and lactation period by fi (.) andf2 (),
where - :

~ P " @
it = P‘;’l‘” | P@es 13y o

Y ®
7o) = P22 [ piay 1)

X2

P

Here F'1 (x1) represents the conditional probability of the length of P.P.A, lying between (x1,
X1 + ox1) as ox; — 0 given that expiry of PP.A. precedes the lactation period; f2 (x2)
represents the conditional probability of the length of Iactation period lying between (x2, x2
+ Gx2) as Gx2 — () given that the expiry of lactation period precedes the length of the P.P.A.;
=1 and 2 represent the unconditional probabilities of P.P.A. lactation period and lactation
period P.P.A, respectively; P1 (x1), P2(x2) represents the unconditional probability of P.P.A.
and lactation period lying between (x1, x1 + ©x1} as ¢x; — O and (x2, x2 + Ox2) as Gxz ~> 0
respectively: and P(x2 | xy) and P (x1 | x2) represent the conditional probability of lactation
period lying between (x2, x2 + Gx2) given the P.P.A. is equal to x1, and the conditionat
probability of P.P.A. lying between (x), x1 + Gx1) given the lactation period is equal to x2.

Then
P - o )
ECX) =E (uXa > X0) = [ 0iFy () doy @
= Mean length of the P.P.A. under the condition that lactation succeeds P.P.A.
~~t T~ - :
EX)=E (X2 1X1> X)) = [ 22 (%3) dez (5)

0 _

= Mean length of the lactation period under the condition that P.P.A. succeeds
lactation period.

On the other hand,
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and

Further

X e ' - =
E&n=[n[Fionm dada+ x| F2o,x0) dedn ©
o 0 _ :

x 0

E(Xz)=Jx2_[F1 (x1, x2) dx1dx2+szsz (*1,32) dr1 dx2 @
0 0 m 0

EX) = EXi1 Xz2> X1) PG> X))+ E X 1 X2< X1} P(X2 < X))
11

Ew)
= B0 | X <X) = g g [EG)-E@IX > W) P> XD] (g

+ and

and

98

E'(Xz) = E(X2 1 X1>X2) PX1>Xo)+ EX2 | X < X0) P(X1 < X2)
L__\f'—’ .

11

E(X3)

= E(X21X1<Xy) = P <X3) [ E(X2) - EQG2 1 X 1 > X0) P(X1 >X3) ] )

=“ ' BR—(a+ BB - | 10
m g;{aﬁe dxadxy a+B _ (10
= [wpeon-@b-omyp g B | (1

0 o+ P .

I3

= m= -1 . 12)

PLOn) = [Ffn, x) dut [ ot ) deo
{4

n
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- “’[51 oy, (0- Of)(a+ﬁ)4+p);.
T e ET

a+l3-—a’ 0

" _ -
P2 (x2)= JFl(x:,xz) dx, + JFz(xsz) dn
x

of’ jex,+ (ﬂ B')(U"‘ﬁ) e ottn
m _ o+B-P

o+ ]3—[;’:: .aﬁ 0

Fi(x, x0)

JP(szxl)dxz J P

dr

_ afo+ B~ o) B
(@~ o) (o By e P4 o Be ™

J Pt iz dn = I—j,%f-
2

Bla+p-pre@*Pu
B-PB) (a+B) e P ofe P

I~ a’Be—(u +B-on +((I o) (o + B) 8—2{‘1*'55)&.

= Fixa)=

@B, 0P
(0-o)e +(‘1_+BT

o ot P PR BB (a4 By PO PR

= Fi(x) =

(o + B)
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= EX) = EXi 1 X > Xn)= S S (1
@+B)  (a+B)o-o Qo —a~-p)

(19)
= Expected P.P.A. given that lactation succeeds P.P.A.
e 1 (B’
T(Xo) = 1 = -
= EXz)= B X1>Xg)= oo B wrhB_Prap -a_pr
. . (20)
=Expected lactation given that P.P.A, succeeds Jactation,
_.o+f ' o '
EQX)y) = @B o _ ¥3))
_otf
E = .
(XZ) Bf(a+ B) : - | , (22)
= EXi|X2<X))=Expected PP.A. givén that lactation precedes P.P.A,
1 Ta+oa+B o) ]
(o+ 13)[ o (o - ) (201’—&--13)2 @3)
= E (X21X)1 < X2} =Expected lactation given that P.P.A. precedes lactation
o1 [BrasB, op (B }
@+ [ B B-BYCR-o-B) @9

assuming four sets of hypothetical (but plausible) values of the parameters o, B, o and B’
given in columns (1,2, 3, ) and (4) of Table 1.

We have obtained ot s
EXiXo>X1), EXILE K11 X2<X1LEX21X)>X2)E(X2) and E(X21X1<X2 )

Theése are tabulated in Tabie 1.

100 Demography India Vol. XVIII (1 & 2)



TABLE 1

Hypothetical Parameter Value Mean Mean Mean Mean Mean Mean Prob.(of | Prob. (of Lactation

PPA PPA PPA Lactation |Lactation |Lactation |Lactation |Period <P P A.)

(When (When Period Period Period Period>

Lactation |Lactation (When (When PPA)

Period > Perind < PP4 > |PPA <

P.PA) |PPA) Lactation |Lactation

(F1) Period)  |Period)
(F2) Tony 2 F

1 2 3 4 5 6 7 8 9 10 11 12 13
f . Lo o | Em| EXie| Ed&n | Eof| Bt Ean | o | r
! ! I > Xj) <Xy | >X2) || <Xy !
0.42 0.54 2.63 3.77 1.02 1.45 1.26 1.04 1.32 1.16 0.436 0.564 1.38
0.61 0.94 3.15 3.92 0.62 0.98 0.84 0.64 0.92 0.75 0.394 0.606 0.94
0.335 0.67 2.005 2.34 0.95 1.52 1.33 0.98 1.46 1.14 0.333 0.667 1.48
0.75 1.33 3.495 4.65 0.46 0.77 0.66 0.47 0.72 0.56 0.361 0.639 0.74




Conclusion
Measures of infecundable period are:

F; = First measure: 1.45,0.98,1.52 and 0.77 (col. 6)
F, =Second measure = 1.32,0.92,1.46 and 0.72 (col. 9)

Estimates of mean infecundable period:
F= L9l F ;10 F 2

The estimates of the mean infecundable following hypothetical values of the parameters of
the model are given in column (13) in Table 1.

Remarks

The methodology may be tested on a live data of P.P.A. and lactation periods. In this case,
we get frequency estimates of mean P.P.A. and mean lactation period, mean P.P.A. when
lactation is larger and mean lactation when P.P.A. is larger etc. This may give rise to
estimates of o, [3, ¢, B' by the method of moments which can then give us estimate of the
mean infecundable period is given in column (13). An observation in the diagram will show
that perhaps F7 may be slightly under-estimate to provide a measure of the infecundable
period. By the same reasoning, F7. may be slightly overestimate. Hence F=m; F.m, F,
may turn out to be a reasonable measure of the true infecundable period after childbirth.
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