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household income and mother's education, to 0.16 in Table 4 which include these two
important household-level covariates. This finding is consistent with our results in the
gamma models. Furthermore, the z-score for 1f1 (the probability that a family belongs to the
first group) is reduced from 1.76 to 1.34 when family income and mother's education are
added, an indication of the uncertainty about the two-group division. This finding also is
consistent with our results in the gamma models.

DISCUSSION AND CONCLUSIONS

Estimates of Mortality Determinants and Their Inferences

A closer look at the case of child mortality using the general results described earlier
explains the lack of change in parameter estimates. Equation (8), derived from equation (7)
when a gamma distribution is assumed for the familial effects, gives the ratio of the
observed hazards for a two-sample problem, where the relative risk for Sample 1 in the
numerator is eX(3 and for Sample 2 in the denominator is 1:

(8)R(t)
A1(t,e

x (3 ) eX(3 + <l> -1A;;(t)ex(3

A2 (t, 1) 1 + <l> - 1A~(t)ex(3 ,

where A*o(t) is the cumulative hazard function corresponding to A~(t) (the unmixed hazard,
as defined in equation (5)), in equation (7). This simple expression (Equation (8)) provides
a convenient means of examining the influences of unobserved mortality determinants on
parameter estimates.

If <l> -I, the gamma variance, is 0, implying that all families have the same risk, R(t)
will be the constant eX (3 and the model will be a standard proportional hazards model. A
larger <l> - 1 will imply a greater departure from proportionality. This departure depends
heavily on the size of the baseline hazard as well as on unobserved determinants of
mortality. When A~(t) approaches 0, the hazards of the groups approach proportionality. On
the other hand, a higher level of baseline hazards signifies greater deviation from
proportionality. To explain the lack of change in parameter estimates, we must show that the
size of the unobserved mortality determinants and baseline hazards is not large enough to
generate a substantial change.

In Table 5 we report the results from a simulation. It contains the ratios of the observed
hazard in a group with eX(3 2 to that in a reference group with eX(3 1, for two levels of
baseline hazards at Months 1 through 20. The results in Columns 2 and 3 are calculated
using equation (8). The levels of baseline hazards are set at 0.004 and 0.377, the respective
estimated baseline hazards for Months 24 through 59 and for the first month from the
multivariate model in Table 3. The variance of gamma frailty (0.22), used in both Columns
2 and 3, also comes from the model. Even though we use the estimated parameters, the
exercise is hypothetical. In both cases (Columns 2 and 3), we assume, contrary to fact, that
the baseline hazard remains constant from birth to Month 20. We emphasize the large
difference in the level of baseline hazard between Columns 2 and 3. When baseline hazards
are high (Column 3), the hazards for the two groups clearly are not proportional and the
ratio of hazards converges quickly towards unity, so the parameter 13 is reduced rapidly
towards O. With a low baseline hazard and the same frailty, however, the hazards for the
two groups are largely proportional over the 20 months we have considered. The simulation
shows that moderate frailty has a dramatic impact on the proportionality of hazards only
when the baseline hazard is high. This finding suggests that the biases in estimates of
mortality determinants from unobserved heterogeneity are likely to be small so long as
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Table 5. Illustrative Calculations Showing the Ratios R(t) of Observed Hazards in a
Group with exJ3 = 2 to a Reference Group with exJ3 = Ia

Duration
in months

I
2
3
4
5
6
7
8
9
10
II
12
13
14
15
16
17
18
19
20

Ratio of Hazards
with Low Baseline

Hazard (A = 0.004)

1.99
1.99
1.99
1.99
1.99
1.98
1.98
1.98
1.98
1.98
1.97
1.97
1.97
1.97
1.97
1.96
1.96
1.96
1.96
1.96

Ratio of Hazards
with High Baseline

Hazard (A = 0.377)

1.83
1.71
1.63
1.56
1.50
1.46
1.42
1.38
1.36
1.33
1.31
1.29
1.28
1.26
1.25
1.24
1.23
1.22
1.21
1.20

a For different levels of baseline hazards held constant from Month 1 through Month 20, with
<\>-1 = 0.22.

neither the unobserved familial effect nor the baseline hazard is much larger than what we
found in the Guatemalan data.

Standard errors are a different story. Although most of the deflations in the values of
standard errors that we found are moderate, still they could result in dramatically different
interpretations of parameter estimates when the z-ratios estimated by the standard model are
just below the usual level of significance. The z-ratio for birth order is reduced from 1.85 to
1.61 in Table 3 and from 1.64 to 1.44 in Table 4 by correction for dependence. The z-ratios
for previous birth intervals of 24-35 months and 36 or more months in Table 4 are reduced
respectively from 1.72 to 1.55 and from 1.99 to 1.89. Reductions on a comparable scale
may well cause a researcher to draw a different inference on a parameter estimate. Besides,
there is no guarantee that the inflation in z-ratios will not be considerably larger in another
analysis.

Parental Competence and Shared Genetic Effects

When the variance of the unobserved familial effects, <I> -1, and its associated z-ratio,
are estimated respectively to be 0.14 and 1.16, we have suggested that the estimated
familial effects net of household socioeconomic status are relatively unimportant, at least in
this Guatemalan data set. We interpret 0.14 as the sum of the additive genetic effects shared
among siblings (50% of the total additive genetic factors), a small portion of interaction
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effects among genes, effects of parental competence, and other household effects that are
not measured by household income and mother's education.

This interpretation implies that the effect of parental competence cannot be larger than
0.14 in this Guatemalan population and probably is much smaller. This conclusion does not
strongly support Das Gupta's (1990) argument that parental competence is a major source of
variation independent of household income and mother's education. Even so, we caution
against generalizing our results to other countries and other circumstances. Child-rearing
practices in Guatemala may be very different from those in India. The effect of parental
competence also may be attenuated by the fact that the births in a family in the Guatemalan
data set can extend over a IS-year period.

Similarly, if the unobserved nonsocioeconomic effects at the household level
(including parental competence) are nonnegligible, the genetic effect within this total should
be much smaller than 0.14. Thus we expect the noninteractive genetic effect shared among
siblings to be fairly small. We also expect the total noninteractive genetic effect, which is
twice the size of the shared effect, to be quite moderate. More generally, we may ask what
conclusions we can draw about the total effect (both additive and interactive) of genetic
factors. This total effect should be fairly moderate unless the interactive effects dominate the
additive effects. Although almost nothing is known about the interactive genetic effects on
child mortality, behavioral geneticists have found very few such effects on behavioral
measures for which data are available (Plomin and Daniels 1987; Plomin et al. 1980, p.
224).

Why do shared genetic factors, or even a combination of shared and nonshared genetic
factors, seem to playa relatively minor role in child survival in a developing country? One
explanation lies in the causes of early human mortality. Most such mortality in a developing
country seems to be related to environmental factors. Genetic factors unfavorable to early
survival have been kept low by natural selection because those who die young do not have
a chance to pass on their unfavorable genes. During the period 1985-1990, the infant
mortality rate was still as high as 122 per 1,000 in Ethiopia, 138 in Malawi, and 162 in
Afghanistan, while in many developed countries, such as Japan, Denmark, and Sweden,
infant mortality was as low as about 6 per 1,000 (United Nations 1991). Most likely the two
groups of countries differ in the amount of care they can offer to their children rather than
in the genetic makeup their children inherit.

The statistical model used in this analysis assumes independence between genetic and
environmental factors, but do familial genetic factors and parental competence coexist and
compensate for each other? More specifically, parents may recognize an unfavorable genetic
inheritance in their children, and accordingly may make extra efforts to keep them healthy,
thus counterbalancing the genetic disadvantages. If this is the case, the total familial effects
will not be the sum of genetic and environmental factors, and the interpretation of the total
effects as the upper bound of the shared additive genetic factors will not be guaranteed.

Evidence from aggregate statistics, however, seems to be inconsistent with this
scenario. Although infant mortality in the United States has been reduced dramatically since
1940, infant deaths related to genetic disorders have not declined (Crandall 1976). Recall
that the percentage of infant deaths due to genetic disorders or malformations in the United
States (40%) is much higher than that in Bangladesh (12%). It seems that infant deaths due
to genetic disorders cannot be averted easily even by the huge improvements in social and
economic conditions that have occurred in Western countries in recent decades, or at least
not as easily as infant deaths due to environmental causes. Himsworth (1984) made similar
observations on the decline in child mortality in Britain in this century. Although some
counterbalance between genetic effects and parental competence is always possible, the
interpretation of the total effect as the upper bound of the familial genetic factors should
hold true unless the counterbalance takes place on a massive scale. From a practical point of
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view, it is perhaps less important to know whether and how much genetic factors are
moderated by parental competence than to know that family genetic factors are of very
limited significance to early child survival with or without assistance from parental efforts.

Again we caution against generalizing the results of this analysis to other developing
countries. Quite different familial genetic mechanisms may be at work elsewhere. The
prevalence of consanguineous marriage, for example, differs substantially from country to
country. We mentioned earlier that our child mortality data were collected in six
Guatemalan Latino communities. Although we do not know the prevalence of
consanguinity, we know that extended families are less important for Latinos than for
Indians in Guatemala. Thus the proportion of consanguineous marriages among Guatemalan
Latinos may well be considerably lower than that among peoples in other parts of the world.
The proportion of consanguineous marriage is as high as 60% in Saudi Arabia (Swailem et
al. 1988) and 47% in South India (Rao and Inbaraj 1979). Familial genetic factors in parts
of the world with high prevalences of consanguineous marriage may play a more important
role than in locales with low consanguinity.

This work has implications for a wide variety of social and demographic phenomena.
Familial environment can be important for outcomes such as fertility behavior,
contraceptive practice, educational attainment, and criminality. The difficulty with family
influences is that familial effects other than general socioeconomic status are very difficult
to observe. The approach adopted here addresses this difficulty by taking advantage of the
fact that siblings must share at least a significant portion of familial effects. As a result, the
importance of those effects can be assessed in addition to basic household socioeconomic
characteristics.

REFERENCES

Clayton, D. 1978. "A Model for Association in Bivariate Life Tables and Its Application in
Epidemiological Studies of Familial Tendency in Chronic Disease Incidence." Biometrika
65:141-51.

Cleland, J. and J. Van Ginneken. 1988. "The Effect of Maternal Schooling on Childhood Mortality:
The Search for an Explanation." Social Science and Medicine 27:1357-68.

Crandall, B. F. 1976. "Identification and Management of Some Genetic Problems." Journal of
Reproductive Medicine 17:116-18.

Curtis, Sian L., Ian D. Diamond, and John W. McDonald. 1993. "Birth Interval and Family Effects
on Postneonatal Mortality in Brazil." Demography 30:33-43.

Das Gupta, Monica. 1990. "Death Clustering, Mother's Education and the Determinants of Child
Mortality in Rural Punjab, India." Population Studies 44:489-505.

DaVanzo, Julie, William P. Butz, and Jean-Pierre Habicht. 1983. "How Biological and Behavioral
Influences on Mortality in Malaysia Vary during the First Year of Life." Population Studies
37:381-402.

Edo, M. A., H. R. Otero, and L. Caro. 1985. "The Influence of Consanguinity on Fertility and Infant
Mortality in Sanabria (Zamora, Spain)." Biology and Society 2:129-34.

Gardiner, E. M. and Jacob Yerushalmy. 1939. "Familial Susceptibility to Still Births and Neonatal
Deaths." American Journal of Hygiene 30:11-31.

Guo, Guang and German Rodriguez. 1992. "Estimating a Multivariate Proportional Hazards Model
for Clustered Data Using the EM Algorithm, with an Application to Child Survival in
Guatemala." Journal of American Statistical Association 87:969-976.

Heckman, James J. and Burton Singer. 1984. "A Method for Minimizing the Impact of Distributional
Assumptions in Econometric Models for Duration Data." Econometrica 52:231-41.

___. 1986. "Econometric Analysis of Longitudinal Data." pp. 1690-1763 in Handbook of
Econometrics, Vol. 3, edited by Z. Griliches and M. D. Intriligator. New York: Elsevier.

D
ow

nloaded from
 http://read.dukeupress.edu/dem

ography/article-pdf/30/1/1/904725/1fam
ily.pdf by guest on 16 August 2022



Family Mortality in Guatemala 31

Himsworth, Harold. 1984. "Epidemiology, Genetics and Sociology." Journal of Biosocial Science
16:159-76.

Hobcraft, John, John W. McDonald, and Shea O. Rutstein. 1985. "Demographic Determinants of
Infant and Early Child Mortality: A Comparative Analysis." Population Studies 39:363-85.

Islam, M. Shafiqul, M. Mujibur Rahaman, K. M. S. Aziz, Mianur Rahman, M. H. Munshi, and
Yakub Patwari. 1982. "Infant Mortality in Rural Bangladesh: An Analysis of Causes during
Neonatal and Postneonatal Periods." Journal of Tropical Paediatrics 28:294-98.

Kruskal, William. 1988. "Miracles and Statistics: The Casual Assumption of Independence." Journal
of the American Statistical Association 83:929-40.

Mahadevan, K. 1986. "Mortality, Biology and Society: Analytical Framework and Conceptual
Model." pp. 239-301 in Fertility and Mortality, edited by K. Mahadevan with P. J. Reddy and
D. A. Naidu. London: Sage.

Matsunaga, Ei. 1967. "Measures Affecting Population Trends and Possible Genetic Consequences."
pp. 481-84 in Proceedings of the World Population Conference, Belgrade. 30 August-lO
September, 1965. Vol. 2, Selected Papers and Summaries, Fertility, Family Planning, Mortality.
New York: United Nations.

Mosley, W. Henry and Lincoln C. Chen. 1984. "An Analytical Framework for the Study of Child
Survival in Developing Countries." Population and Development Review 10 (Supplement):25
45.

Oakes, D. 1989. "Bivariate Survival Models Induced by Frailties." Journal of the American
Statistical Association 84:487-93.

Palloni, Alberto. 1990. "Health Levels and Care in Latin America: The Case of Infant Mortality
1900-1985." Pp, 189-212 in What We Know about Health Transition: The Cultural. Social and
Behavioral Determinants ofHealth, edited by John Caldwell et al. Canberra: Australian National
University Printing Service.

Pebley, Anne R. and Julie DaVanzo. 1988. "Maternal Depletion and Child Survival in Guatemala and
Malaysia." Paper presented at the annual meeting of the Population Association of America,
New Orleans.

Pebley, Anne R. and Paul W. Stupp. 1987. "Reproductive Patterns and Child Mortality in
Guatemala." Demography 24:43-60.

Plomin, Robert and Denise Daniels. 1987. "Why Are Children in the Same Family So Different from
One Another?" Behavioral and Brain Sciences 10:1-60.

Plomin, Robert, J.C. DeFries, and G.E. McClearn. 1980. Behavioral Genetics: A Primer. San
Francisco: Freeman.

Rao, P. S. S. and S. G. Inbaraj. 1979. "Trends in Human Reproductive Wastage in Relation to
Long-Term Practice of Inbreeding." Annals of Human Genetics 42:401-13.

Reddy, P. Govinda. 1987. "Effects of Consanguineous Marriages on Fertility among Three
Endogamous Groups of Andhra Pradesh." Social Biology 34:68-77.

Ridder, Geert and Insan Tunali. 1989. "Analysis of Related Durations: A Semi-Parametric Approach
with an Application to a Study of Child Mortality in Malaysia." Paper presented at the annual
meeting of the Population Association of America, Baltimore.

Self, S. G. and K. Liang. 1987. "Asymptotic Properties of Maximum Likelihood Estimators and
Likelihood Ratio Tests under Nonstandard Conditions." Journal of the American Statistical
Association 82:605-10.

Shami, S. A., L. H. Schmitt, and A. H. Bittles. 1989. "Consanguinity Related Prenatal and Postnatal
Mortality of the Populations of Seven Pakistani Punjab Cities." Journal of Medical Genetics
26:267-71.

Sheps, Mendel C. and Jane A. Menken. 1973. Mathematical Models of Conception and Birth.
Chicago: University of Chicago Press.

Stevenson, A. C., H. A. Johnston, M. I. Stewart, and D. R. Golding. 1966. "Congenital
Malformations: A Report of a Study of Series of Consecutive Births in 24 Centers." Bulletin of
the World Health Organization 34 (Supplement): 1-27.

Swailem, A. R., F. Serenius, A. W. Edressee, and A. Ohlsson. 1988. "Perinatal Mortality in a Saudi
Maternity Hospital." Acta Paediatrica Scandinavica 346 (Supplement):57-69.

Trussell, James and German Rodriguez. 1990. "Heterogeneity in Demographic Research."

D
ow

nloaded from
 http://read.dukeupress.edu/dem

ography/article-pdf/30/1/1/904725/1fam
ily.pdf by guest on 16 August 2022



32 Demography, Vol. 30, No.1, February 1993

pp.III-132 in Convergent Issues in Genetics and Demography. edited by 1. Adams, David A.
Lam, Albert Hermalin, and P. Smouse. London: Oxford University Press.

Ulusoy, M. and E. Tuncbilek. 1987. "Consanguineous Marriage in Turkey and Its Effects on Infant
Mortality." Turkish Journal of Population Studies 9:7-26.

United Nations. Department of International Economics and Social Affairs, Population Division.
1991. United Nations World Population Chart. 1990. New York: United Nations.

Vaupel, James W. 1990. "Kindred Lifetimes: Frailty Models in Population Genetics." pp. 155-170 in
Convergent Issues in Genetics and Demography, edited by J. Adams, David A. Lam, Albert
Hermalin, and P. Smouse. London: Oxford University Press.

Vaupel, James W., Kenneth G. Manton, and Eric Stallard. 1979. "The Impact of Heterogeneity in
Individual Frailty on the Dynamics of Mortality." Demography 16:439-54.

Venkatacharya, Kilambi. 1985. "An Approach to the Study of Socio-Biological Determinants of
Infant and Child Morbidity and Mortality." pp. 237-53 in Proceedings of the International
Population Conference. Florence: International Union for the Scientific Study of Population.

Weiss, Kenneth M. 1990. "The Biodemography of Variations in Human Frailty." Demography
27:185-206.

Zenger, Elizabeth A. 1991. "Heterogeneity between Families in Neonatal Mortality and Birth Interval
in Matlab, Bangladesh." Paper presented at the annual meeting of the Population Association of
America, Washington, DC.

D
ow

nloaded from
 http://read.dukeupress.edu/dem

ography/article-pdf/30/1/1/904725/1fam
ily.pdf by guest on 16 August 2022


