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NUTRITION AND THE FERTILITY OF

YOUNGER WOMEN IN KINSHASA, ZAYRE*

Barbara A. Anderson
and

James L. McCabe

Economic Growth Center, Yale University

New Haven, Connecticut

Abstract. A significant positive association is established BetWeen
fertility and ﬁurchaséd calories pef adul;beQuivalent using individual
household data for Kinshasa, ZaY¥re. The analysis is based on a sample of

_ women aged 20—24, none of whose child;én have died. Characteristics likely
to influence fertility both behaviorally and ﬁiplogically, such as education,
are included as sepa;éte independent variaﬁlés. Both closed birth intervals
Aand_coﬁditional birth prohahilities are analyzed, with the latter providing

more significant results.




Nutrition has been hypothesized to influence fertility in a number of ways.
Until recently,the most commonly examined relationship pertains to the generally‘
accepted positive association between infant mortality and fertility.

Prolonged ﬁalnutrition of the mother has been shown to incréase infant mortaliﬁy
by reducing the birth weight of children [Burke (1945) and Habicht (1973)].
Improvements in nutrition, therefore, will lead to declines in fertility thrdugh
decreases in infant mortality. o |

There are at least two other means by which choices involving nutrition
‘may be expected to affect fertility. One is behavioral; the other is biologicai.
Iﬁ most low-income countries, it is argued that.Birth controi is practiced
oﬁly during‘the period immediately aftef pregnancy through the adopfion of inter-
course taboos during lactation [ Ascadi (1974) and Tabbarah(1971)]. The purpose of
birth control in this context‘is.to pfevent a ne& conception during the desired
pé;iod of lactation, in-ordef:to inéfease fhe survival chances of the child who is

already alive. The effect ié to reduce the total cost of nutriton for the.house-

hold, particularly in a situation where the relative price of human miik sub-
stitutes is high. The lower the income and hence nufrition level of the hbuse—
hold, the more its satisfaction cén be increasédfby lengtheqing the lactation
beriod in‘this way. From this argument it follows that, with relative food
prices and infant mprtality rates comstant, real income growth and associated
"nutrition increases may be expected to have a pro-natalist effect fhfough a
reduced incentive‘to abstain from intercourse during lactation,‘ |

The other mechanism involves the biological relation of nutrition to ferﬁility
and aiso suggests the possibility of a positive correlation holding |

-

infant mortality constant.
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The most empirically testable work in this area is that of Rose Frisch. She
has shown that the onset of menarche is determined largelv 5? the attainment

.of a minimal fat/weight ratio (Frisch et. al. 1973) and that after menarche,
there is a threshold level of the fat/weight ratio below which ovulation
ceases (Frisch and McArthur 1974). The model inherent in her work on vpost-
menarche fertility is relevant to this research. This work suggests nutrition
has a strong relation to the frequency of anovulatory cycles. The level of
the fat-weight ratio which leads to a cessation of ovulation is posited to

be well.above the starvation level. If so, it is possible that a substantial

"proportion of a female population with a relatively low calorie level, but
otherwise generally healthy, could be below the  fat-weight ratio

threshold. Frisch's work also suggests that at low effective calofie levels,
even above the threshold level, all of the relevant intervals (waiting time to
conception, interval to a éuccessful live birth, post-partum non-susceptible

- period) are lengthened. Frisch's results are based primarily on clinical
experiments involving only a small, non-representative sample of human subjects;

_thus, their implications for the nutrition-fertility relationship in an actual

population are highly controversial.

S e —— e ———— -

The main purpose of. the present paper is to examine the crude relationship

between different measures of houéehold nutrition and fertility in a less-
-developed country, Zafre, in which there is substantial malnutrition

{Johnson (1975)]. The main emphasis will be on the total effect of these
ﬁutrition ﬁeasures on the probability of later births after the first live birth
when infant mortality rates are held fixed. 1In this paper, we investigate the
relationship between nutrition and fertility through examination of closed birth
intervals, inéluding the average ihterbirth interval and the length of the first
and second closed birth intervals. We also examine the probability that the

second birth occurs at any given length of time after the first birth, whether




or not the second birth occurred before the survey date. Both types of analysis
give some support to the existence of a négative relationship between calorie
consumption and the length of time betweén births. Our strongest result is

that there is a sigqificant direct association between the monthly probability
of conception and one nutrition measure, purcbased total calories per adult
eqﬁivalent, among households with no infant deaths in the 20-24 year old

female cohort. This-result is subjecf to at least two interpretétions:

(1) a joint set of factors causes some households to choose at once greater
abstinence during lactation, longer lactation periods, and fewer purchased
calories per adult equivalent; and (2) there is the positive correlation
between a woman's fat-weight ratio and her fecundity which Frisch-observes.
Further empirical tests seem to support the second interpretation. The available
data for Zaire indicate a weak positive rather than negative association
between purchased calories and lactation period length. Furthermore, purchased
calories per adult equivalent remain statisticall& significant even after
controlling for some exogenous variables which may influence both purchased

nutrition and fertility decisions.

I. Closed Birth Intervals for Married Women

The most direct method to investigate the relationship of nutrition to

marital fertility is to study feftility.unaffected by dinfant deatﬁs. For this
purpose, we analyzed_households in the 1969 socio-economic survey of Kinshasa
headed By ; male with only one wife, where the wife was aged 20-24 at the survey
date. Since we knew neither the birth nor degth dates- of dead children but only
how many children of the wife had died, we limited this analysis to women for

whom all children were alive and present in the household at the time of the survey
Restricting the analysis to households in which there have been no infant deaths

is a common practice in studies of birth intervals, in order to remove the effect




of mortality on the length of the non-susceptible period [D'Souza (1974)].

Each household in the survey was visited once a week for four weeks.

The amount of money spent on each commodity by commodity was recorded. Calorie

and price tables [Houyoux (1973) Jwere used to calculate the total number of
calories and grams of protein purchased in the month. Since for each house-

héld, the sex and month and year of birth (when available) were recorded, the

number of adult equival

ents in each household couldhgé“caléui&fed, and then
the number of purchésed calories and grams of protein per adult equivalent
per day by household could be found. These are the nutritional variables

used in this study.

The implicit assumptions are: 1) purchased calories and grams of protein in

a time period are strongly positively related both to calories and proteins
consumed in that timé period and to calorie énd protein consumption at earlier
timés and 2) calories and grams of protein are digpensed within households pro-
portionately to the number of adult equivalents which each pérson represents.
Oﬁr analysis is based entirely on birth interval data for the cohort
of married women aged'20—24. It is well known that (a) the length of the
’interbirth interval and (b) the degree of memory-lapse bias each increase
aé'the age of the mother increases. If the latter effect is present, some
households will be included in the sample simply because they forgot all
of their dead éhildren; in these householdé, intervals between children ever
born (estimated from the ages of surviving children) may well be overstated.
Another reason for restricting the‘analysis to a relatively narrow age
group of younger women is that current nutrition for these women is more
closely related to nutrition during childbeariﬁg than it would be for older
women. Finally, the proportion of h0uséholds eliminated because of ;nfant
death is smaller in the cohort aged 20-24 (10%) than in older cohorts

(22% for the entire sample).




The crude birth interval was estimated by subtracting the date of
birth of the youngest from ﬁhe'date of birth of the oldest child and dividing
by the total numbef of children minus 1. Figure 1 shows this average length
.of the interbirth interval for households where the wife was aged 20-24 |
at the time of the survey by values of the quintiles of the cohsumption of
calories and grams of protein per adult equivalent per day for this age
group. The values are shown by quintiles in order to minimize the effect of
extremé and probably erroneousvvalues of protein ar calorig consumption. If
the hypothesis indicating a pro-natalist effect of food consumption is correct,
there should be a negative relationship between food consumption and the
average length 6f the interbirfh interval. This generally is shown for
calorie consumbtion; while the results for protein consumption are very mixed.
' Mean values of calories are shown in parentheses and of éroteins in brackets.
The quintiles are for households appearing in the calculations. Thié is con-
sistént with Frisch's hypothesis since calorie intake-should'be'moré closely
related to the‘fat—Weight ratio than protein intake. However, there is also
the behavioral interpreta;ion that hunger may be more sensitive-fo Qariation in
calorie than it is to variation in protein intake. To the extent that
hunger is a major determinant of the relative length of lactation periods,
_birth intervals will tend td be more respénsive to relative differences in
protein intake. The bulk of the rest of the analysis centers on calories per

adult equivalent.
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Regression Model The statistical significance of the inverse association be-

tween actual calories per adult equivalent.and the leﬁgth of closed birth inferve
is determined by means of regression analysis. Denote caiories per adult
equivalent for the household at.the time of the survey by C, education of

the husband by EH, education of the wife by EW and the age of the oldest

child by AGE. Let I represent the length of the relevant interval between

live births measured in years. Then the regression equation to be estimated

may be written in the form

1) JI-.75 = ag + a; C + a, EW + ay EH + a,

where n is an error term, assumed normally distributed. The constant .75,

AGE + n

is subtracted from the interval between live births to give an estimate of the

interval between. the earlier birth and the next conceptigﬁfwhfgﬁffesulted in a

live birth, which is followed

by a gestation period of ,75 ;éars to the later birth. . The square root tfansforﬁ
of fhe waiting time to conception_appeafs as the dependent variable rather thaﬁ

" the variable itself because the distributionmggfwéiting times to coﬁceptioh is
skewed to the right in mést popﬁlations. Standard practice among demégraphers
is to assume that this distribution is approximated by a convolution of a

normal and an exponential density function. D'Souza (1974) has shown, using othe

data, that the square root of the estimated waiting time to conception is almost

normally distriﬁuted, The chi;square goodness. of fit test indicates -
that the distribution of the waiting time tp conception in the Kinshasa -
data set is significantly different from the normal at the 5% level, but
that the square root transformation at the same confidence level is not.
The cogfficient§ in the regression equations have the following hy-—

pothesized signs




<0, a, <0, ay { 0, a, > 0.

A 2
The hypothesized sigmof the coefficients for the education variébles are

generally ambiguous. If women in the cohort aged 20-24 are practicing birth
contrql, other than observing the usual intercourse taboos during lactation,

then éiéolid economic argument may be made for the coeffitients, a, and ag,

being positive if substitution outweigh income effects [Benfporath (1973) and

Willis (1973)]. This argument centers around hypothesized bositive associa-

tions among education,potential wages, and the price of children in the house-

hold production model. But such an effect resulting from an increase in thé‘

price of children may be insignificant if, as assumed, the couple is still

-highly uncertain whether it can attain its deéired number of surviving children
because of'subfecundify and high infant mortality. 1In this case, the couple may not
wish to control its post—lactatioﬁ fertility at all, particularly when the wife is i
her éarly reproductive years. Although demand effects cannot be totally ruled

out g_griori,thé sign of the ccoefficients a, and a, are nresumed to depend on

the qualitative relation between wife's educaticn and fecunditv. All available
evidence indicates that the women in the éohort age 20 to 24 are not praéticing
birth qontrol other than intercourse taboos during lactation.2 The qualitative
effect of educatiod on fecundity 1is hypothsizéd‘to be positive,-which implies
4 negative values for a, and 33} The education‘of Ehe husbani may be a better indica-
tor of average nutrition of the household ovér its reproductive life than its

calorie consumption at the time of the survey. Wife's education may be

a proxy for her nutritional level and overall health prior to marriage.

The age of the oiﬁest chiid.afbiheﬂfih;-of-the'éample, AGE, represents
an uﬁber bound on the waiting time to conception. The expected value of the
interval length is, therefore, conditioned on this variable. Take, for
example, the expected value of the interval between the birth of the first.

child and the conception of the second for a household whése oldest child

" was age a + .75 at the time of the sample. This is given by the expression
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-

E(Sllage - .75 =a) = slf(sl]x)dsl

$=0

£(s|X)dsy
-1

I

—

$=0

where f(Sl|X) is the probability that the sécond.child will be conceived
exactly S years after the birth of the first and X is & vector of independent
variables determining the brobability of cOpception. Assuming that the
probability density function is thg same for higher intervals, the expression

for the expected value of the next interval is

a
E(S,|age - 1.50 =a) =f s, f(szlx)p(a-l.so-szlxmsz

3220'

a} £(5,1%) F(‘a—l.SO—_Sz{X)kdszv

82=0

where F(v) is the distribution function associated with the density function
£(s), i;e;, F(v) = Y f(S)'ds. It is eaSily shown that both E(S; [ age - .75 = ¢
'a&d E(Szlage“‘ilsoszoa) are incrégéiﬁg functions of age. Hence, the hypotbsized
sign of a, is pbsitive. |

v;Before turning to the regressions themselves we should notg‘that thé

variable, calories per adult equivalent, may be endogenous rather than

exogenous as assumed. If this is true, the éoefficient for this wvariable

"will be biased. .However, under most reasonable assumptions, the bias will be
against our hypotheses. Thefe are two méin ways in which calories per adult
equivalent may be interpreted as an endogenous variable. In the first .case,
suppose that purchased calories are constant across households and the number
,éf children ever born randomly varies for households in which the age of the
oldest child is the same. Then under these éssumpﬁions it is'clear that there w

be a positive association between the length of any given birth interval and




calories per adult equivalent. The more children a household

has, the shorter the birth interval and the

smaller will be the number of calories pef adult equivalent. The number

of adult equivalents involves a weighted sum of the number of childrén, as
well as other family mémbers. Thié effect will biaé the ‘coefficient ay

in a positive direction; against our hypothesis.

Secondly, omitted variables.may influence purchased calories as well

as the birth interval. Households in which the wife has a relatively long
lactation period would cet. EEE? be expected to have a higher level of pur-
chased caiories and longer birth intervals unless lactating mothers consume
fewer additional calories than they produce in the form of milk. To the

extent that there is a éositivé association 5etween purchased calories perv
adult equivalent and thé.length-of the lactation period, the coefficient\al
‘will be bilased against our hypothesis. However, it should be recogﬁized

.that the cost per calories is considerabiy higher for a huﬁan milk substitutethan
it is fo? breast milk [Berg (1973)].u The main determinant of expenditure on human
milk éubstitutes,.then, may be income. If human milk substitutes are con-
.sidefea normal goods by the household and make child rearing less intensive in
the wife's time, we may expect their quantity-demaﬁded to increase with the
head of household'; income and purchased c&loriés. The latter would generally
lead to increases in the value of wife's'fime and sub#titution of coﬁmodity
for time inputs in child rearing. By this line of reasoning, households Qith
higher leQels of purchased calories per adult equivalent will have. shorter
lgctation periods and_the coefficient ay will be biasgd in favor.of»our hy-
potﬁesis. However, there appears tobbe a weak positive cbrrelation betweén
lactation period length and purghased calories per adulf:»equivalent.3

There is also a measurement problém with the calorie variable. It is

known that at low levels of calorie‘cohsumption, proteins are utilized as

" calories rather than to maintain hitrogen balance [FAO-WHO (1973)]. 1If
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the contribution of proteins to effective calorie consumption had been
considered, the regult would have been to raise the measured calorie con-

sumption of the low calorie part of the sample. We know of no way to

properly convert protein consumptlon into effectlve calorie consumption at

varying levels of calorie consumption.

Parameter Estimates We experimented with several different birth intervals

in the regression analysis, including tne crude birth interval as previously
defined and the first and second closed birth intervals. Separate regressions
were run in which the square root of each of the intervals minus-.75 years appeare
as the dependent variable. Another set of regre331ons was run on pooled data in
.which the unit of analysis is each interval minus .75 years rathér than the house-
hold. In these regressions, separate dummy variables were included

which correspond to the order of the birth which initiated_the interyal,

When controlling for education, the calorie coefficient was negative

out insignificant at'the 5% percent level except in the regtessions

involving the pooled interval data set. The same regressions were run

on a more homogeneoos data set in which the households were constrained

to have at least three children (See Table 1).' These regressions weight

the honseholds with relatively long intervals more evenly within tne_sample than
' did those based on the 1arger data set. 1In this case, the coefficients of calories
per adult equivalent has the hypothesized negative sign and are significantly
different than zero at the 5% level except in the case where wife's education is
included. The latter specification is not acceptable by conventional

statistical standards since the t-ratio on wife's education is belowv 1.67.

Even when wife's education was included, the t statistic of calories was
significant at the 57 level, except for the second-interval where the t

was 1.99.




Regressions of

. Table 1

Birth Intervals of 20-24 Year 01d Women

Interval : First First Average Average Second Second

Calories -5.4 x 1077 4.6 x 1070 =6.1x 10°° ~4.6 x 1070 ~7.0 x 1072 -5.6 x 107>
(1.63) (1.37) (3.06)*** (2.66)**% " (2.56) %* (2.15) **

Age of 5.3 x 1072 5.4 x 1072 7.1 x 102 7.4 x 1072 5.0 x 1072 5.3 x 1072

Oldest Child (2.10) %% (2.18)%*% (4.71) **% (5.75)%** (2.36) %% (2.69)***

Husband's Years 'e1.5 x 1072 ~2.8 x 1072 -2.7 x 1072

of Education (1.32) (4.82)**x% (3.07) ***

Constant .94 1.02 .35 1,00 1.02 - 1.17

r? .106 132 .346 .535 .175 .296

F ' 3.43 2,90 15.31 21.88 5.95 7.71

n 61 61 61 - 61 59 59
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There are several problé;sm;itﬁ this éﬁalysis. To begin wigﬁ;m;eétfiéfiﬁg
a sample even to households with at least two children precludes us
from testing the effectiveness of a model explaining the fertility behavior
of relatively ;ub-fecund groups. Secondly, as Heckman and Willis (1975) have shown
the reciprocal of the expected value of a birtﬁ interval may imply an estimate
of the expected monthly probability of conception substantially below the
true expected monthly probability of conception, during the post-partum
period. This is immediately clear from figuré 2. For any group of households
having the same level of nutritioﬁ, the conditional probability of conception
(given no conceptions singe the birth of the firét child) will rise initially
as more women become susceptible. Then it will fall as the relatively'fecund
households leave the sample through conception. The reciprocal of the average
of the birth intervals (or their square roots) represents the harmbnic mean
“of thé conditional conception probabilities (or their square roots).For tﬁe>
harmonic mean to be an unbiased estimator of tﬁé expected value of a random'
variable, the variablermust have a geometric distribution such‘as that illustrgted
by the dotted line in figure 2. The greater the variation in monthly concep-
tion probabilities due to differences-ih fecundity not explainea by nutri;idn,
the more their harmonic means will be biased toward zero; This error iﬁ
the dependent variable may cause the t-statistics for calories per adult
equivalent and other independent variables to be biased downwérd s parficuiarly

in a sample where there is large variation in fertility across households

[Heckman and Willis (1975)].




. Table 1 (continued)

.Regressions of Birth Intervals of 20-24 Year 01d Women
' with at Least Three Children

Interval ' , All : A1l ' ‘ All
Calories : -6.8 x 107> . -5.5 x 107 : -5.5 x 107>
(3.92) *** _ (3.19) k%% . (3.08) k%
Age of Oldest Child hex107% 5.2 x 1072 - s5.3x1072
(3.45) %% S (3.79) % (3.60) k%%
Husband's Years of | R - -1.9 x 1072 1.9 x 1072
Education o (3.10) **%* (2.99) **%
Birth Order - B 1.9 x 1072
\ | (0.14)
Dunmies ' : B . ‘ 1.2 x 1072
First ’ ' (0.09)
Second ' . -2.4 x 10-2
Third’ ' o | | (0.16)
Constant w0t . 110 | 110
R? , | 155 - .211 | 214
F | 1245 12.03 | | 5.99

n S 139 S 139 : 139
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This seems to be a characteristic of the first closed interval data set where households
.with only two births are included and may explain why the coefficient for the calorie
per adult equivalent variable was statistically insignificant in this case.

II Open Interval Estimates

.In this section we examine a data set which has been expanded to include couples having

only one child. We_concentrate on directly explaining the conditional probability of
conception after the first birth using this expanded data set. For each

household in cur sample, point a in Figure 2 is the birth of the first

child. Sinc; births rather than conceptions are observed, the earliest time at which a
second birth could occur is nine months after a, at b. Six montﬁ pgriods of héusehold

experience after b are our units of analysis. If a hoﬁsehold experiences its second

birth in period i after b, then it is excluded fromvthe set of households under observa-
tion in period (i + 1). Also, & household will not be observed in period (i + 1) if-
the survey date arrived first, i.e. if the first child was born less than (9 + 6(i + 1))
ronths before the survey.

Table 2 shows the number of households under observation in each six month period
after b and ﬁﬁe probability éhat thé second birth occurred in each period (second births
in period/households in period); These probabilities are graphed in Figure.3, . As.
expected, these conditionsl prébabilities exhibit the genersal patfern shown in Figure 2,
with fiuctuations in late periods when the number of households under obsefvation becones
small. By the end of the eleventh period (75 months after the first birth)y72% of the
original 116 houséholds had experienced the second birth while under observation. Thus
it was far more likely that a household left the sample through the occurrence of the
second birth than through truncation due to the arrival of the survey date.

Frisch and McArthur (1974) have contended that the primary effect of nutrition on

- fertility is through differences in the waiting time to concepfion after the cessatioﬁ

of lactation amenorrhea rather than through differences in the length of the amenorrhea.




Table 2

Households Under Observation and Second Birth Probabilities in
Six Month Time Perilods Beginning Nine Months After the First Birth

Months After Number of Households Second Birth

Period First Birth = Under Observation Probability
1 9-14 116 - .026
2 15-20. ' 96 o 167
3 21-26 o 69 | o - Jh20
b 27-32' 39 | .538
5 33-38 18 R .222
6 a9k Cow | .21k
T - b45-50 o .273
8 51-57 8 | .125
9 58-63 5 .200

10 61-69 u .250
11 70-75 3 .333
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An appropriate functional form for the threshold relationship posited between calories

T pe(B) = 1/(1 4 e

and conception probability after lactation amenorrhea is the logistic [Nerlove and Press

(1973)]1. Thus a logistic equation of the following form was estimated :

V)'

W + '
here V = a%Féll 4 a20a12 + a3Dum1 * .. al3Dum11

In the above equation, Pr(B) is the probability that the second birth océurs to
& household in the period under observation. Dum.i assumes the value one if the period

of observation is period i and the value zero otherwise. Cta.].:L is calories per adult

equivalent if Duml-is one and is zero otherwise. Ca12 is zero if it is the first six~

- month time period and is calories per adult equivalent if the period of observation is

~

" not the first period.

" A model invoiving only calories per adulf equivalent as an iﬁdepéndeét variable may
be subject to serial.correlatidn due to omitted variables (for example, permanent post-
partum sterility) specific to individual households but invariant over time. The use
of a dummy variable fo? each period is a method of correcting for suqh serial correlation
which changés the compoéition of the sample across time periods. If the effect of
the time.period is to shift the location but not the scale of the logistic density functior
the dummy variable procedure will yield unbiased estimapes. The effect of calories in the
;first period is considere& separé%éi;’from all o£her periods, since most households

are still in post-partum amenorrhea at that time, and calories are not expected to be

‘strongly related to whether e household experiences an exceptionally shart amenorrhea

verdod. ... » o - : L

The coefficients in (2.1) were estimated using a maximum likelihood procedure

[Nerlove and Press (1973)]. Probabilities of birth in a given period are not observed but

" rather whether or not a birth occurs. A maximum likelihood procedure is appropriate for a

logistic specification such as ours, where the dependent variable only assumes values of
zero or one and some cof the independent variables are continuous. Such a model conforms

neither to the assumptions of linear models, such as linear regression, nor to the

requirements of contingency table analysis.
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Table i3shovs the estimated coef‘1c1ents, along'wlth thelr asymptotzc t-values

and the elasticities of the calorle varlableo. Speclficatlons are shown with only the

dummy varisbles used as 1ndependent varlables and wlth Call and Ca12 added stepwise.

— 4

" As expected, calories in the first period, vhile most houseﬁolds are in lactation
. gmenorrhes, are not significantly positively related to the-pccurrence of a second birth.

The results of the log likelihood ratio test show that the addition of Cal, to the estimatica

2

equation 31gnif1cantly 1mprOVes the fit of the model to the data at the five per cent

level, while the addition of Call to the model which only-includes the dummy variables,
does not improve the fit. ' . |
The elesticities show the percentage change in the dependent variable which would
result from a one percent - . chenge in the independent variable, at the mean of the
independent end dependent variables. The effect is quite strong for C&lz. Ano her vay
" of interpreting the effect of c&lories on second birth probebilities is shown in Figure 4,
The cumulative second birth probab lities predicted by the third specification in Table 3.
are shown at calorie levels one standard dev1ation above (37hl) and one standard deviation
below (10&7) the mean calories per adult equlvalent level of the 116 households in period
L
1. At the end of period 4 (33 months after the birth of the first child), 88% of house~-

holds at the higher tut only T0% of households at the lower calorie level would have ex-

- perienced the second birth.

The calories per adult equivalent variable : Ahas much greater statistical
significance in this birth probability analysis than it did when the flrst closed inter-
val was the dependent variable. Moreover, it is important to note the; when the dummy
variables providing information on conceptions in specific previous periods were removed,
.the estimated coefficients and t-ratios for the calories per adult equivalent variables
fall substantially. ﬁence, failure to cofrece fof seriai correlation in this context

may well have lead to coefficients bilased toward zero in the case of the calories per

adult equivalent variable,4
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Table 3

Maximum Likelihood Logit Estimates of Second Birth Probabilities

. Log—likelihood-ratio test

Varisble (1) (2)
Call ‘ - 9.68 x 1077
Calories in period 1 (0.24)
P [ .065]
Cal,
Calories in periods 2-11
e 0 (6.20)#= (3.29)%+
D . -1.61 -1.61
e (5.88)%= (5.88)%x
Du-m-3 ~e 322 "-322
: T (1.32) (1.32)
Dum, : .15k .15k
' (0.48) {(0.48)
Dur, . . -1.25 - ~1.25
’ (2.21)* (2.21)*
Dum S -1.30 - -1.30
- (1.99)% (1.99)*
D -.981 -.981
M y - (1.b5) (1.45)
Dumg -1.95  41.95
' (1.82) - (2.82) .
Dum,, -1.39 -1.39
(1.2k) (1.24)
Dum, -1.10 -1.10
0 | (0.95) (0.95)
D . -.693 -.693
et | (0.57) (0-57)
"(2. 5*4} _ '{2. 5&&
Log-likelihood function —16&.0 -163.9

(3)

2.89 x 10~

9.68 x 1072

(0.24)
{ .067]

I

(2.35)*
[ .k10]

é3.87
(3.29 )%=

-2.32
(5.46)%%

-.962
(2.61)%*

"v390
(0.98)

"'1078

(2.90)**

-1.88
(2.67)%=

-1.5k
(2.13)*

-2.5k
(2.30)*

~2.00
(1.72)

~1.79
(1.49)

-1.31
(2.03)

T8.1%*

-161.2

l———~ .0562 ——-J L——_ 5,550*._;.1

Coefficients are given first. Two tailed t-values are in parentheses.

‘Elasticities are in brackets.

*p < .05, *¥p < .01
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Experiments were performed with a number of economic variables which may jointly
influence nutrition and fertility choices, including huéband's and wife's education, total
household income per adult equivalent and total household consumption per adult equivalent.
The statistical significance of the calories per adult equivalent variable surviQed the

Ainclusion of these additional'variables in all cases. Except for total income which was
endogenous, due to the inclﬁsion of wife's income, the socio-economic variables were

not statistically significant.

What may be ﬁappening is that socio—éconoﬁic vafiables may infiuence decisions
about the_calorie content and other aspects of the nutritional adequacy of the diet,
while the nutritional adequaéy affects fertility. Thus; while socio-economic Variablés
may be important for fertility in Zaire, their effect on fertility ﬁay be primarily

indirect through nutrition.

III. folicyulmplications

The main policy implication of this investigation 1is that rises in calorie consumption p
adult equivalent associated with the early stages of modernization may be expected to
increase fertility iﬁ'non—contracepting populatiéns with no change in infant mortality
rétes. If, however, infant mortalit& also declines, the total effect of the increase in
calories per adult equivalent on the fertility of women in household experiencing infant
deaths will be ambiguous.

There is some evidence that if calprie’ consumptionper adult equivalent can be held
constant and protein consumption increased both infant mortality and fertility may fall.
As already indicated, at low levels of calorie consumption, proteins are not used ﬁri—
marily as proteins to maintain nitrogen balénce but rather simply as additional calories
[ (FAO-WHO,1973)}. Figure 5 illustrates‘the point that, in the Kinshasa data set, infant
mortality may depend on the amount of protein, not calories consumed, once a critical

. minimum level of calorie consumption has been attained. The values in Figure 5 are
averages across each five year age group of womeﬁ aged 25-39, who had borne at least one
child. The quintiles are forlhouseholds with oné wife age 15 -or older. Below age 25,

there were very few dead children. Above age 40, the retrospective fertility data
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‘become somewhat suspect. A t-test for the highest quintile of calories

shows that women with no dead children had significantly higher protein consumption than
‘women with same dead children at the 5% level, one-tailed test. Furthermore, there is
evidence for the 20-24 female cchort that calories per adult equivalent had a statistically
significant association with different fertility measures and that proteins did not. This
was true both for separate regressions in which only one of these nutrition measures appeare

as an independent variable and also for a single regression in which both appeared. There-

fore the available evidence is consistent with arguments that policies designed to
eliminate protein deficiency will have an anti-natalist effect provided calorie con-
sumption is held fixed above a critical.minimum l.evel.5 This effect would be indirect

through induced declines in infant mortality. Note that statistical results for other

countries indicate that infant survival rates have a strong negative association with

the fertility of younger as well as older mothers in pooriy nourished bopulations

with long lactation periods [D'Souza (1974) and Preston (1975)]. .
The results presenfed certainly are consistent with a positive biological re-
létionship betyeen calorie consumption and fertility. However, a more general way of
. analyzing fertility determination is through a system in which ﬁutritidn, lactation-
related behavior and fertility are simultaneously determined. Socio-economic variables
are likely to influence nutritional and lactation decigions and thus influence fertility.
In order to properly identify such a system, variables influencing foed consumption
bﬁt not fertility are needéd. For instance, one could use commoditf price differences to s
 the response of households' nutritional decisions to differing market conditions. One
could only do this for a sample in which different households are facing different prices,
a phenomenon which is absent in cross-section data for a single city. The combined
examination of similar data from a number of Zairois cities may allow more to be
»discovered about the complex biological and behavioral determinants of fertility

than has yet been pos#ible.
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Footnotes
*The authors are indebted to Randall Olsen, Jane Menken, and Paul Schultz
for suggestions and criticisms of earlier drafts and to Jonathan Hamilton for
assistance and consultation. The research was supported by Ford-Rockefeller
Population Grant #RF 75080, Rockefeller Foundation Grant # 70051 and Smithsonian

Grant # PC 5-31-125.

1Frisch's sample is made up primarily of patients with anorexia nervosa,
whicﬁ may in itself lead to cessation of ovulation. Earlier studies show
a direct relation between nutrition anovulation during the post-menarche
period but involve subjects under severe psychological stress. See Sydenham

(1946) and Smith (1947).

?Coale and Trussell (1974) have deVeloped a summary measure of

voluntary fertility control, m. This measure represents the degree of deviation
in the observed age-specific marital fertility schedule from the natural fertility
schedule. The higher the negative slope of the observed age specific fertility
schedule within a five year age cohort over age 25 relative to that of the
natural fertility schedule; the higher will bevthe value of m. We estimated

m for five year cohorts of women aged 25 to 39, by separate education groups

of husband and wife from the 1967 socio-demographic survey data. The COveragé
~of this survey is 10 times greater than that of the 1969 socio-economic

survey of the same city. The estimates of m were all quite close to zero and
were negative except for the cohort aged 35 to 39 at the highest educational
levels. Even so, the highest positive value was .15 for the group with
secondary educated husbandé, which still indicateé a virtual absence of

voluntary fertility. control.
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3Data on lactation periods were obtained from the 1974 Measles Vaccination

Survey of Kinshasa. We grouped data by communes (22 in number) for comparison

with the 1969 Socio-Economic Survey. Regressions of lactation period means

s 2L Aam-
against calories per adult equivalent means for each commune showed an insigniizcan

positive correlation, excluding the richest commune (8 cases out of 2089) in

the Measles Survey. Coefficients for commune dummy variables were obtained by

regressing individual child lactation periods against age of mother at birth

and commune dummy variables. These dummy variables were_jointly significant

at the 17 level, and several were individually significant at the 10 percent

level. Regressions with the coefficient estimates of these communes. as

dependent variables'yielded coefficients that were positively, but insignificantly,
Correlated with mean calorieés per adult equivalent by commune.

For a description of the Measles Vaccination survey, see Adelman, (1975).

4Although fat-weight ratios may have a threshold relationship to fertility,
there is no conclusive evidence that calories per adult equivalent have such
an effect on birth probabilities. A linear probability formulation

4+ b, Dum + ... + b Dum

Pr(B) = b2 Call f b2 Cal2 3 13

11
was also estimated using ordinary least squares. The estimate of the coefficient

b2 was positive and significant at the five percent level, which was no

worse than the result obtained from the icgistic specification.

5Extreme protein malnutrition, as well as calorie malnutrition, may be
one cause of the low total marital fertility in Kisingani as compared with

Kinshasa. See Houyoux (1972).
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