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SOMMARY. A modol for tho timo of first birth is preacnted under certain asrumptions,
which involve biological and socio-cultural factors. Tho model hea boen oppliod to real data.

1. INTRODUCTION

Interval from marriago to the first birth to a female in & population
provides good data for tho study of fecundability. A variety of mathematical
models to explain the nature of this intorval hare been proposed and are
applied to real data to estimate unknown parameters (Sce, Sheps and Menken,
1973 ; Leridon, 1077 ; Modo, 1985). It is usually assumed in most widely
used models that—all the females aro fecund at marriage, fecundability is
constant for a female till the occurrence of first live birth conception and
fecundability may vary among women. However, theso models often do
ot describo satisfactorily rural data, especially where ago at start of chohabi-
tation is low (Singh, 1064 ; Singh and Singh, 1983 ; Bhattacharys, etal.,
1986).

In many Asian countries and some aroas of tropical Africa, ago at first
marriage has always been very low, particularly in rural areas. However,
the start of active sex lifo after such marriages depends on the permitted
social and religious practice (Ohadike, 1979 ; Murphy and Dyson, 1983).
Tn most of the rural communitics in India, the bride docs not start living with
husband immediately after marriage. The consummation of marriage occurs
following another ceremony known as roturn marriage (RM) (Jain, 1975)
which also in large numbor of cases occur well before tho age of 15 years.
Thus a substantial proportion of such females aro expocted to bo either in
n pro-menarcheal stato or in a state of adolescont subfertility following tho
onset of menarcho at tho time of RM.
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Besides biological factors, timo of first birth is also affectod by scvera)
socio-cultural factors. Evon in caso of early age at consummation cohabity.
tion bogins lato duo to tho social custom of stay for a considerable period by
the brido at her father’s place after RM.  Also sho makes frequent short visity
to her parents during tho carly phaso of married life. The couple lives under
tho influonce of joint family, young bride has to observe taboos, owing to the
prosonco and control of mother-in-law and other clderly women. Rceen!.ly,
Bhattacharya et al. (1986) havo roviowed the modifications in the oxisting
models proposed by various authors to tacklo such situations. It becomes
cumbersomo to formulate a model accounting for all such factors.

This papor presents a model for the timo of first live birth which accounts
for the delayod exposure to risk of conception duo to first visit of the female
to her parents, takes fecundability to bo time depondont during carly part
of marital lifo thus indirectly incorporates biological as well as socio-cultural
factors responsiblo for lowering the fecundability. It also takes into account
of foctal wastages precedig the first live-birth concoption, hnence the model
beecomes more floxible and may bo applied to data in socictica whero soxual
relation starts at an oarly age. Thus model may be considered as an exteneion
of tho model proposed in Bhattacharya ef al. (1986).

2. MopEL
Leb ua consider a cohort of womon of the same ago at R), samo duration
of offective marriod lifo say, exactly T' yoars, and havo givon at least ono lise
birth. A probability distribution of the timo betweon RM and first livo Lirth
for such women is obtained under the following assumptions :

(i) Tho duration of first visit of the femalo to her parents imn\cdit\wly
aftor RM, say Z, is a random variable having distribution function ).
The female is focund whon sho returns to her husband.

(ii) Tho conditional instantancous risk of first concoption is low dnring
is low during oarly part of cohabitation which gradually incroases till it realices
a normal level say m,.  Given that tho duration of first stay is of longth
tho conditional probability that the first concoption to a femalo occurs during
tho intorval {8, {4Al) is

{ m{tfz)Al+ O{AL) (m(tfz) > 0) for t >z
0 othorwiso.

(2.

The assumed pattorn of m(tfz) roflocts tho sociocultural practices
associatod with carly part of conjugal lifo, which govern the timing and
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froquency of intercourso as well as subfecundsbility which slowly decreascs
with ago.

(i) A concoption ends in either o livo birth or a foctal loss. Lot 0
be tho probability that o conception results in a foctal loss, 0 € 0 < 1.

{iv) Tho length of non-susceptiblo period comprising the duration of
pregnancy and post-partum amonorrhoca associated with a foctal loss is an
exponentially distributed random variable with mean 1fc, ¢ > 0.

(v) Given that tho first pregnancy has resulted in a foctal loss, the
tant risk of concoption thereafter is constant with a normal valuo
m, and remains tho samo until the oceurronco of first live birth coneeption,

Tho interval betweon RM and first live birth, say Ty, given that she has »
foctal wastages beforo the first live Lirth is tho sum of the following com-
ponents :

(8) Z, the duration of first stay of tho female with her parents.

(b) X,+X;+X,+ ... +X,, tho total duration of stay in the fecundable
stato between RM and tho first live birth ; where X, : the timo elapsed betweon
return to husband after first visit to tho parents home and first conception and
X, : tho timo spent in the fecundablo state following j-th foetal Joss till the
noxt conception, § > 1.

(¢) Y,+Yet...+Y, ; where ¥y is tho duration of non-suscoptible period
axsociated with the jth footal Joss.

(d) g, the period of pregnancy associated with tho first live birth. Thus
Toln = Z+Xy+ "ﬁl (Xe+ Y +a. . (22)
Undor the assumptions (i) and (ii), the distribution of (Z4X,) is
t ]
F )= § [l—oxp ( - m(r/z)rl.r) ]dll(z).  (23)
o z

Z and X, may not be indopendont but (Z+4-X), X,, X, ..., X,, ¥}, Yooy
Y, aro statistically indopendont due to assumptions (iv) and (v). Moroover,
for each j > 1, Xy and Y; are oxponontially distributed with parametors
my and ¢ rospectively.

Let us denota the Laplaco transformation of tho distribution of (Z+X,)
by Fy(s). Following tho procedurs described in Suchindran and Lachonbruch
(1974) in tho derivation of Laplaco transform of tho time of first livo birth,
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it can be ghown that the Laplaco transform of the unconditional distribution
function of T, is

@ n B
¢(a)=.}_-‘°(l—0)0- F,(a)(m:"—_:_‘) (%) exp(—sg) .. (24)
which can be ro-wTitten as
|4 v,
¢l = Filo) [ Aot Ay g, 4 s (a5 ) Lol . 2

where

—(1=0), 4, = myc0(1—0) _ med(1—-0)
A=U=0. 4= gy Ty M= vy

V, and ¥, aro the additive inverses of the roots of the equation
84 (mytc)atme(l—0) = 0 and Vy and V, are non-negativo and  distines.
Tho inverse of ¢(a), the completo distribution function of T, ie

K@= X 4; K4() v (20)
a0
where s t-g 3
(olt) = | [l—exp (— I m(:/z)dz)l diz) t>¢ . 27
o z
and

Kty = I‘ KV, SN ay o> nji=12 . (29
9

Sinco the distribution is truncated at the T year, the truncated population
is governed by the probability law

.‘2: Ay K1)
K@y =12 Ky 7 1T . (29)

Wo spoaify the assumptions (i) and (i) as follows :
(i) Z is a discreto random variablo taking values 7, <7, <73 <.
with associated probability function by = Prob. (Z=17), =1, 2,...

(ii) m{tfz) is n polynominl of dogreo s in 2 for z <t 24Ty and
is of the form v
m(lfz) = I glt—z) o (210)
=0
ond for ¢ > 24T,
mltf) = m((Py+2)z) = Eq; T .
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i.0., botween timo points (z,z+T,) the instant risk of ption do-
pends on distanco Letweon tho start of cohabitation and of ¢ und thereafter
bocomos constant and the exprossions (2.7) and (2.8) reduco to

Colt) =-'th<1’ b [l—oxp {— :j:' m{zf7q) d:}]

¢ v-¢
) ='_:»§<Tb:[l—m(— P oxp{— I mtelridz—Vife~y)ir}|

fori=1,2.. I=7+g

whero (=Rt

’ (/1) dxr = : h<a< h+T,
m{xfr)der= I .
J; (3 ; L2} Fr} (1 < 1+T

r 1
- ,zo";% rgla—h—Ty) a> 4T,

3. [EsTIMATION
A procedure to obtain maximum likelihood estimates (MLE) of the
parametor in the distribution (2.9) when m(¢/z) is of the form given in (2.10
and 2.11) and for r = 2, for known values of 7', 0 and discrote form of the
distribution JI{?) is outlined below for the grouped data. In this caso, dis-
tribution involves three parameters g,, 4, and g,.

Let rango of first live birth intorval be partitioned into % intervals with
the ond points of interval being 4y, j = 0, 1,2, ..., K, tg =0,y = T' and 4, > k,.
Let Py denote the oxpeeted proportion of women with their times of first birth
in tho j-th interval (f;_, ;] where

1’,=}’::_:’7'|.)) and P,=ﬂl)K;(’_T{§'/;l) =23k

In a sample of N women ny, n, ..., nx women aro observed to delivor tho
tho first child during intervals 1, 2, ..., k rospectively and ‘2)21 ng=n. It con
be scon that tho equations

x
n 8Py .

Ts——=0 =0,1,2

Zh U '2)
do not provido tho oxplicit oxpressions of MLE. Henco MLE of the para-
metors may bo computed by scoring mothod. A mothod of obtaining tho
pilot values of the unknown paramotors which are required for scoring is
given below,
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When m(tfz) is constant, the model involves only ono parsmeter g, The
silot valuo of g, can bo obtained by equating X—the mean length of first
sirth interval of those giving birth in (0,T), to its theorctical expression,
whero

2
= bifht £ 3 { 1-loxp (=T @—h) 4+ V1) })
2 sih<T J=1 ¥y
= ] =Vy(T-i)
E b [1— £ Bye ]
ihe<T J=1

whero m,

Bl=A,‘m°—V, ji=12.

This equation may bo solved by Nowton-Raphson iteration procedure.

When m(tfz) is a polynomial of degreo one, thero aro two parameters viz.
70 and g.  The MLE of g, obtained by taking m(ifz) to bo constant and zero
zan bo takon as tho pilot values of g, and ¢, respectively. Similarly the MLE
of g, and ¢, obtained above and zero may sorvo as the pilot values of g, g
and ¢, respoctively, when the form of m(ffz) is quadratic.

4. APPLIOATION

For illustration of tho model we use data from the survey described
below. Tho data wero compiled from the survey ontitled “Rural Dovelopment
snd Population Growth—A Samplo Survey, 1978" conducted by Contre of
Population Studios, Banaras Hindu University, Varanasi in tho yeer 1978,
The survey included all tho houscholds nurmbering 3514 of 19 villages which
woro sloctod from Veranasi district and adjoining arces. The details of the
survey aro given in Bhattacharya and Nath (1984). Bosides other information,
marrisgo and birth histories of all cligiblo couplos (both husband and wife
alive and wifo below 50 years on tho reforonco date : 25th March, 1978, tho
Holi festival) wero obtainod. Tablo 1 provides age at RM wiso distributions
of women separatcly by length of intorval between RM and the first live
birth. Data presentod in tho Tablo 1 rofers to couplo who did not practice
eny family planning method, both husband and wife wore normal residents
of the villago, femalo partner was married only ence, whoso date of RM prececds
the referonce dato by at loast sovon ycers, at least ono child was born during
tho soven years after RM, and tho ago at R} was 12 years or moro. In this
connection it is important to note that in caso of the couples whero ago of
fomalo at RM is 12 years, tho duration is taken at least 8 years instead of 7
keoping in view that the averago agoe at monarcho is at lonst 13 yoars. Tablo 2
prosonts the distribution of duration of first stay of fomalos according to tho

B31-18
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agoat RM. To copo with tho truncation bies tho women with order of marriagg
ono and offoctive marital duration 6 or moro years wero considered in com.
putation of tho proportions givon in Tablo 2. Assuming distribution of first
stay (givon in Tablo 2), valuo of T, as 3.00 yoars, tho probebility of foota)
loss, 0, as 0.15 and the moan duration of ptiblo poriod iated
with a footal loss, as 0.50 yoar, tho distribution (2.0) taking risk of first con.
coption to bo constant, linoar and quadratio in ¢ during an oarly part of cohabi.
tation and constant thercafter is fitted to data presonted in Table 1. Tt ig
worthwhilo to montion that tho distribution with constant risk function of
first concoption does not explain any obsorved sot of data. The distribution
sooms suitablo with lincar and quadratic forms of risk function. Howover,
tho improvemont in fit using quadratio form of m(t/7s) is negligiblo in com.
parison with tho linear form. Ago at RM wiso expected distributions of
womon by ago at roturn marriago according to timo of first birth and estimatos
of paramotors whon m(¢/rx) is lincar in ¢ are presontod in Tablo 1. Variances
of the estimates and corrolation coofficients botweon ostimators are also
obtained.

Hero g, and g, can bo interprotod as tho risk of first pregnancy just at the
$imo of first oxposure to stable sexual rolationship, and the rate of increaso in
risk of first pregnancy during tho poriod from start of stable union till further
time 7;. From tho Tablo 1 it can bo scon that the value of §, is almost zero
for fomalos with ages at R betweon 12 to 14 years. However §, increases
with age. Its values relating to ages 12 and 14 at RM. aro 0.28 and 043
respoctively. It is well known that tho average ago of & fomalo at menarche
is betwoen 13 and 14 yoars, soveral mentstrual cyeles after monarche are
anovulatory, and fomales visit thoir paronts moro frequently at these ages.

The increasing values of §, indicates transition from adolescent sterility to

sub-focundity and from it to fecundity. The values of 3, for fomales with
ages at RM, 15, 16, 17—19 yoars are markedly different from zoro and sherply

increas with ago at RM. The valuos of §, for theso females particularly
for thoso having oges at R.M. 15 and 16 yoars, are rouch lower a3 compared
to its veluo for fomalos with ago at R.M. 14 yoars. Reasons are obious as
most of tho fomoles entor cohabitation at mature agos and social factors
hinder soxual rolations also bocomo woakor at thoso ages. Desire to concoive
tho firsh child soon may bo tho causo of littlo higher g, for womon with age
ot R.M. 17—19 yoers than thoso with ago at RL. 15 or 16 yoars.

For simplicity, risk of tho first prognancy is d to be indepondent

of tho duration of first visit to parents. Of courso, a dovistion from tho

Yarad

ption may be idorod.
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TABLE 2. DISTRIBUTION OF DURATION OF FIRST STAY OF FEMALES
BY AGE AT RETURN MARRIAGE

duration of by = v¢+g  proportion of fomales with A = A; having age
first stay (in yom) {in yoors) at rotum marriage
{ia months)

12 13 14 15 16 17,13,19
) 1 0 0.750 0.60 0.03 0.03 0.07 0.10 0.4
0— & 2 0.208 0.058 0.35 0.5 0.8 0.7 0.4 0.12
5§— 10 3 0.605 1.3725 0.04 0.30 0.34 0.32 0.32 0.25
10 — 20 4 1250 2,000 0.04 043 0.35 0.34 034 0.36
20 — 30 5 2.083 2,833 0.03 0.05 0.05 0.07 007 0.0
more thon 30 6 2017 3.667 0.04 0.03 0.03 0.03 0.03 0.04

total fornales - — — 170 4 841 678 491 551

Hero it is assumed that hazard of first pregnancy, onco the woman has
returned from her parents, begins to inereaso and attains a platoau after time
T,. In fact T, for o singlo woman may depend on ago at first stable union
snd also may vary among women of samo oge at stablo union.

When information on duration of first stay of bride with paronts after
.M. is available, as in tho presont case, easior way of dating the exposure to
risk of pregnancy is simply to tako return to husband on the onset of stable
soxual union rather than posing a probability distribution of Z. Howover,
it may bo montioned that data on this duration is raroly collected and date
of R.M. is considored a8 the effectivo beginning of eoitus. Thus estimate of
focundability obtained ignoring the duration of first stay become undor-
cstimated, particularly at tho beginning.

On the other hand, if empirical distribution of Z is available which is
useful in choosing & euitablo theorotical distribution of Z, the model in Soction
2 may be modified accordingly in order to oxplain data in a better fashion and
to obtain moro roliable estimates a3 shown in tho section,
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