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Abstract Life history theory aims to explain the relationship between life events,
recognizing that the fertility and growth schedules of organisms are dependent on
environmental conditions and an organism’s ability to extract resources from its
environment. Using models from life history theory, we predict life expectancy to be
positively correlated with educational investments and negatively correlated with
adolescent reproduction and total fertility rates. Analyses of UN data from 193 countries
support these predictions and demonstrate that, although variation is evident across
world regions, strong interactions exist among life expectancy, reproductive invest-
ments, and educational attainment, and these relationships occur independently of
economic pressures and disease burdens. The interactions are strongest, however, in
countries with a life expectancy of >60 years as these countries tend to have stable
economies and a limited HIV/AIDS burden. These findings suggest that policies aimed
at influencing education and reproductive decisions should consider environmental
characteristics that drive people’s expectations about their longevity.

Keywords Demographic factors - Educational status - Fertility - Life cycle -
Mortality - Reproductive behaviors

According to the World Health Organization’s World Health Report (2008), people
are healthier, wealthier, and living longer today than 30 years ago. The average
global life expectancy at birth is estimated to increase by 7 years from 1998 to 2025,
with 26 countries having a life expectancy at birth above 80 years. Increases in
global life expectancy are attributed to improvements in sanitation and access to
clean water; medical advances, including childhood vaccines; and massive increases
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in agricultural production as a result of the Green Revolution. Rapid population
growth resulting from decreased mortality began in 1950. However, the global
population growth rate has decreased by almost half since reaching its peak of 2.2%
in 1965-1970 (United Nations 1999) as a result of many countries going through
demographic transitions characterized by increasing education and declining fertility.
In this article we examine how changes in life expectancy influence the timing and
extent of reproduction and investments in education.

Life history theory recognizes that the timing of life events (birth, adolescence,
reproductive onset, reproductive termination, and death) is dependent on environ-
mental conditions and an organism’s ability to extract resources from its
environment (Roff 2002; Stearns 1992). Natural selection is assumed to have
designed organisms to balance the inherent trade-offs between investments in
reproduction and growth (often considered as trade-offs between current and future
reproduction). Fluctuating environmental conditions that increase extrinsic mortality
favor increased reproductive effort and short-lived organisms (i.e., little investment
in somatic maintenance; Schaffer 1974). When the risks of mortality are high,
organisms are expected to reproduce frequently, to increase the probability of some
offspring surviving to maturity, and early, to ensure reproduction before death
(Koons et al. 2008). However, in stable environments with low risks of extrinsic
mortality, selection can favor delays in reproduction to invest in somatic growth,
which not only impacts survivorship but also increases an organism’s ability to
extract resources from the environment. When competition for resources is high in
stable environments, selection favors greater parental investment and a reduced
number of offspring (Promislow and Harvey 1990; Stearns 1992; Wilson 1975).

Life history theory is concerned with investments in physical growth, but organisms—
especially humans—also make significant ontogenetic investments in knowledge and
skills (Hill and Kaplan 1999; Kaplan et al. 2009). These educational investments can
be analyzed as part of the basic life history trade-offs between growth and
reproduction (Eisenberg 1981; Gould 1977; Hill and Hurtado 1996; Kaplan et al.
2000; Kaplan and Lancaster 2003; Lerner 1984). Investments in education delay
reproduction but increase future income as well as survivorship, a relationship that has
been observed worldwide (Schultz 1993). For example, in Brazil, increasing years of
education were found to correlate with incremental decreases in total fertility and
increases in wages (Lam and Duryea 1999). In a Thai population experiencing
declining fertility rates, Knodel et al. (1990) found that children from smaller families
were more likely to continue education to higher levels.

However, if extrinsic mortality or future unpredictability is high, delays in
reproduction will not be favored, nor will investments in education whose benefits
cannot be realized until later in the lifespan. Various studies have found that adolescents
who anticipate having a shorter lifespan reproduce at an earlier age than adolescents who
expect to have a longer lifespan (Brumbach et al. 2009; Geronimus 1996a, b, 2001,
2004; Hill et al. 1997, Wilson and Daly 1997). In addition, in the United States
between 1980 and 2001, Meara et al. found “very little change in life expectancy
among less-educated black and white non-Hispanics and very substantial increases in
life expectancy among the more educated” (2008:356). Similar relationships between
education and life expectancy have been observed elsewhere, including Brazil
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(Camargos et al. 2007), Finland, Sweden, Norway, Denmark (Silventoinen and
Lahelma 2002; Valkonen et al. 1997) and Europe (Mackenbach et al. 1997).

In this paper we build on Low et al.’s (2008) life history analysis of cross-cultural
patterns of female reproduction. Their analysis of more than 170 nations reveals a
strong relationship between life expectancy and age at first birth; however, they found
a threshold life expectancy at 60 years that affects the relationship between life
expectancy and age at first birth across countries. Life expectancy and age at first birth
are positively correlated in countries in which life expectancy at birth is >60 years, but
for countries with life expectancies shorter than 60 years, no clear relationship exists.
The authors attribute the lack of a relationship in countries with life expectancies less
than 60 years to potential states of non-equilibrium resulting from volatile socio-
ecological conditions.

Life expectancy at birth is a demographic indicator describing, as defined by the
United Nations Human Development Report, “the number of years a newborn infant
would live if prevailing patterns of age-specific mortality rates at the time of birth
were to stay the same throughout the child’s life” (2007:368). Low et al. (2008)
analyze the relationship between life expectancy and reproduction by stratifying
country-level data into development status using a composite indicator—the Human
Development Index (HDI). First calculated in 1990, HDI serves as a frame of
reference for both social and economic development. HDI measures the average
achievements of a country in a single statistic by combining indicators of health,
knowledge, and standard of living. Health is measured by life expectancy at birth;
knowledge is measured by a combination of the adult literacy rate (%) and the
combined gross primary, secondary, and tertiary school enrolment ratios; and
standard of living is measured by Gross Domestic Product per capita (Purchasing
Power Parity USS$).

Analyses of the relationships among life expectancy, reproduction, and education
relying on stratifications by HDI are unable to take into account the composite
indicator’s direct relationship with life expectancy and education. In addition, analyses
cannot control for, or isolate the effects of, economic development, as these are
included in the composite HDI value. Low et al. conclude: “If we can isolate particular
components that strongly affect life expectancy and AFB [women’s age at first birth],
we [will] have a clearer idea of what relatively easily influenced variables might be the
focus of policy interventions to increase life expectancy and AFB” (2008:215).

This paper aims to take on that challenge by isolating the component measures of
HDI—life expectancy at birth, adult literacy rate, gross enrolment in school, and GDP—
to examine the interaction among life expectancy, reproduction, and education. The
relationships between life expectancy, reproductive behavior, and educational invest-
ments consist of a feedback loop in which improvements in education are expected to
increase life expectancies and favor declines in reproduction, which further increases
investments in education (Hill and Kaplan 1999). The causal links among life
expectancy, reproduction, and educational investments are dependent on the stage of
the demographic transition a population is experiencing. Countries vary in the rates at
which they pass through stages in the demographic transition. Some countries, such as
China, Brazil, and Thailand, have moved through the stages of demographic transition
rapidly as a result of economic and social changes; other countries, particularly in
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Africa, have stalled owing to economic stagnation and the impact of AIDS. Therefore,
when examining the relationships among life expectancy, reproduction, and education
it is important to control for economic factors (e.g., Dorling et al. 2006; Lamptey et al.
2006; Preston 1975; Rodgers 1979; Sen 1993) and disease indicators (e.g., Anderson
2010; Quinlan 2007). Indeed, these factors may account for the lack of any correlation
between life expectancy and age at first birth among populations with low life
expectancy (<60 years) as observed by Low et al. (2008).

Here, building on Low et al.’s (2008) results and recommendations, we examine
the components of the HDI that affect life expectancy across societies in three steps:
(1) correlating life expectancy with variables for reproduction and education, and
factors known to influence life expectancy, such as GDP and HIV/AIDS deaths; (2)
determining if a threshold life expectancy exists for measures of reproduction and
education used in our analyses, consistent with the findings of Low et al. (2008); and
(3) controlling for the influence of covariates and regional variation on the
relationships among life expectancy, reproduction, and education, and determining
if differences in the relationships exist between counties with high and low life
expectancy. Based on the above discussion, we predict life expectancy to be
negatively correlated with adolescent reproductive rate and total fertility and
positively correlated with educational investments, whilst controlling for covariates
and regional variation, and that these relationships may not exist in countries with
low life expectancy.

Methods

We acquired the data used in our analyses from specialized agencies of the United
Nations system, including health (World Health Organization, WHO), education
(United Nations Education Scientific and Cultural Organization, UNESCO), economics
(World Bank), and life expectancy (World Population Prospects). National datasets must
be regarded with some level of caution as data gaps and issues of inconsistency and
incoherence remain owing to differences in the effectiveness of infrastructure, political
agendas, and additional factors, such as internal conflicts. However, the UN agencies
rely on an extensive peer review process conducted through leading regional and
national statistical offices as well as international organizations to ensure the highest
level of data consistency and accuracy. For this analysis we used data from 2006.
Missing data were replaced with 2005 data when available.

Our analysis includes all components of the HDI: life expectancy; adult literacy
rate; primary, secondary, tertiary, and combined gross school enrolment ratios; and
GDP. School enrolment ratios are the numbers of students enroled in primary
(elementary and middle school), secondary (high school), and tertiary (college or
university) levels of education, regardless of age, expressed as a percentage of the
population of theoretical age corresponding with those levels (United Nations 2007).
Gross Domestic Product (PPP US$) (GDP) is the sum of the net output of all
producers in an economy, plus product taxes not included in the valuation of output,
converted to US dollars, and accounting for price differences across countries such
that one US dollar has the same purchasing power in the domestic economy as it
does in the United States (United Nations 2007).
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In addition to the variables used in the calculation of the composite HDI index,
our analyses examine adolescent birth rate and total female fertility. Adolescent birth
rate is defined as the annual number of births to women aged 15-19 years per 1,000
women in that age group (WHO 2009). Total female fertility is defined as the
number of children that would be born to each woman if she were to live to the end
of her childbearing years and bear children at each age in accordance with age-
specific fertility rates in the region and in a given year (United Nations 2007). Our
analyses also include a disease indicator—deaths from HIV/AIDS, defined as the
estimated number of adults and children that have died because of HIV/AIDS in a
specific year, expressed per 100,000 population (WHO 2009).

Bivariate correlations (Pearson’s ) were conducted to identify relationships among
life expectancy, reproduction, educational investment, and covariates. Correlation
analyses do not require the grouping of variables or imply causal directionality. Given
the evidence of existing variation in women’s education, marriage, and fertility
prospects across nations (Low 2005), the 193 nation-states used in this analysis were
categorized into eight UNESCO world regions to further isolate indicators that may
have greater impact in some regions relative to others (see Tables 1 and 7 for world
regions). Variations between countries within the UNESCO regional categories likely
exist; however, these regions do offer some categorization of countries by level of
development, ethnicity, religion, culture, and disease burden. In addition, we did not
weight data by the relative population size of each country because relationships in
countries with large populations would override those in countries with smaller
populations, thus negating the impact of sociocultural factors.

To analyze both trends and potential thresholds in the relationships between life
expectancy and investments in reproduction or education, we divided countries into
five groups based on life expectancy and calculated median values for indicators of
reproduction (adolescent birth rate and total female fertility) and education (adult
literacy rate and primary, secondary, tertiary, and combined gross school enrolment
ratios). Median values were compared across life expectancy stratifications to
identify threshold life expectancies.

Finally, we used multivariate regression analysis to control for factors known to
impact life expectancy (GDP and HIV/AIDS deaths) and regional differences
(dummy variables). We elected this method rather than using adjusted life
expectancy estimates that exclude deaths from HIV/AIDS so as to observe the
impact of both economic and disease indicators independently. We also conducted
separate multivariate regression analyses for countries with life expectancies above
and below 60 years to determine if the potential thresholds hold when controlling for
covariates. All analyses were conducted using SAS version 9.2 for Windows (SAS
Institute, Cary, NC, 2002).

Results

Table 1 shows the bivariate correlations among life expectancies, indicators for
reproduction, educational attainment, and possible covariates. Increases in life
expectancy correspond to significant decreases in adolescent birth rate and total
female fertility. All variables measuring educational attainment, excluding primary
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school enrolment, were highly correlated with overall life expectancy, suggesting that
there are corresponding increases in life expectancy and investment in education.

The lack of an association between life expectancy and gross primary school
enrolment (r=0.103, p=0.166) may be a result of overall high enrolment rates, and
therefore a lack of variation both globally and locally relative to secondary and
tertiary school enrolment [mean (SD): 102.4 (15.1), 75.5 (28.6), and 31.66 (26.4),
respectively]. These findings also may suggest that a threshold level of education is
necessary for improvements in life expectancy beyond a certain number of years
(Lam and Duryea 1999) or, conversely, that a threshold life expectancy is needed for
educational attainment beyond a certain level.

‘We examined correlations between GDP and life expectancy at the global and regional
levels. Consistent with other research (Dorling et al. 2006; Lamptey et al. 2006; Preston
1975; Rodgers 1979; Sen 1993) we found significant bivariate correlations between life
expectancy and GDP on a global scale (Table 1). However, there was considerable
variation in this relationship by region, with three of the eight regions exhibiting no
significant relationship between standard of living (GDP) and life expectancy (Table 1).

Examination of the impact of disease, using HIV/AIDS deaths per 100,000 population,
found a significant, negative correlation with life expectancy. As one would expect,
increases in HIV/AIDS deaths correspond to declines in life expectancy. Regional
differences exist as countries with high HIV/AIDS prevalence experience a drop in life
expectancy (Lamptey et al. 2006). Variations in the relationship between life expectancy
and HIV/AIDS may be a result of the rapid and dramatic influence HIV/AIDS has had
on life expectancy in certain countries (Low et al. 2008). Dramatic shifts in life
expectancy over relatively short periods of time may confound the relationship between
life expectancy and reproduction. However, Gant et al. (2009) found that not all
countries with a heavy HIV/AIDS burden have experienced drastic declines in life
expectancy. As these authors recognize, “[s]adly, for many people in Sub-Saharan
Africa, AIDS is just another way of dying” (2009:43).

Table 2 displays the median adolescent birth rate, total female fertility, adult
literacy rate, and school enrolment ratios when countries are separated into five
strata of life expectancy. As anticipated, these data show decreasing trends in
adolescent birth rates and total female fertility and increasing trends in the education
measures (with the exception of gross primary school enrolment ratio) as life
expectancy increases. Median gross primary school enrolment ratios remain fairly
stable across life expectancy strata, consistent with correlations in Table 1. Figure 1a
shows the variation, but also consistent negative trends, across regions when total
female fertility is plotted against life expectancy. Figure 1b shows the positive
relationship between adult literacy rates and life expectancy in regions where there is
sufficient variation in adult literacy rates across countries to detect such a trend.

Trends in reproduction and education variables, however, are not linear. Table 2
shows that the greatest differences (approximately twofold) in median reproduction
rates (adolescent birth rate and total female fertility) occurred between the second
(51.0-61.2 years) and third (61.3—71.2 years) life expectancy strata, indicating the
same clear threshold at approximately 60 years that Low et al. (2008) found for age
at first birth. The greatest differences in median adult literacy rate and overall,
secondary, and tertiary enrolment ratios also occurred between the second and third
life expectancy strata, ranging from approximately 1.5-fold to a fourfold increase.
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Table 2 Summary statistics for indicators of education and reproduction by five life expectancy groups

Variable Life expectancy

40.2— 51.0—- 61.3—- 71.3— 75.3—
50.0 years 61.2 years 71.2 years 75.2 years 82.4 years

Median, SD  Median, SD  Median, SD  Median, SD  Median, SD

() (n) () (n) (n)
Adolescent birth rate 136.00, 59.49 105.50, 53.18 47.00, 33.02  30.00, 32.12  14.00, 23.58
24) 24) (43) (42) (48)
Total female fertility 5.55, 1.34 4.83,1.25 2.55, 1.05 2.20, 0.82 1.75, .49
24 24 (47) 44) (49)
Adult literacy rate (%) 67.40, 1835  60.95,20.64  90.55,17.81  92.40, 6.36 99.00, 4.64
(23) (24) (42) (46) (€]
Overall school enrolment 52.50, 13.42  52.65, 13.30  71.90, 13.25  77.35, 7.52 89.00, 11.56
ratio (23) 24) (47) (46) (50)
Primary school enrolment 105.40, 20.76 93.87, 27.79  102.41, 11.06 103.40, 10.78 102.10, 6.97
ratio @2n 22) (46) 44 (49)
Secondary school 30.37,22.35 34.90, 14.01  80.76,23.60 87.12, 11.57  98.84, 13.06
enrolment ratio 17) (19) (46) (44) (48)
Tertiary school enrolment 3.55, 3.85 3.73,3.38 15.41,20.74  33.12, 18.53  56.16, 25.10
ratio (16) an 33) 32) (47)

Correlations between life expectancy, adolescent birth rate, and total female fertility
calculated for countries with a life expectancy of <60 years were not significant
(adolescent birth rate: ¥=—0.253, p=0.094, n=45; total female fertility: »=—0.241, p=
0.112, n=45). Further analyses reveal that countries with a life expectancy of >60 years
show strong positive correlations between life expectancy and both adolescent birth
rate and total female fertility (adolescent birth rate: »=—0.511, p<0.001, n=136; total
female fertility: =—0.588, p<0.001, n=143).

Correlations between life expectancy and education calculated for countries with a
life expectancy of <60 years were not significant (primary: r=—0.239, p=0.127, n=44,
secondary: »=0.092, p=0.597, n=42; tertiary: »=0.145, p=0.421, n=35; Fig. 2). In
contrast, countries with a life expectancy of >60 years show strong positive
correlations between life expectancy and secondary and tertiary school enrolment
(primary: »=-0.002, p=0.986, n=140; secondary: r=0.677, p<0.001, n=139 ;
tertiary: #=0.519, p<0.001, n=112; Fig. 2). These findings suggest either that high
secondary school enrolment ratios are important for improvements in life expectancy
beyond 60 years or that a life expectancy beyond 60 years is fundamental for
education at or beyond the high school level. These relationships are examined further
using regression analysis to control for covariates.

Given the variation that exists in the standard of living and disease burden
indicators, additional analyses presented here examine the relationship among life
expectancy, education, and reproduction controlling for GDP, HIV/AIDS deaths, and
regional variation. Results obtained from multivariate linear regression analyses are
shown in Tables 3, 4, 5, and 6.
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All variables in our analyses are highly intercorrelated, so we initially examine
them separately before including them in models with reproduction, education, and
life expectancy. We also examine regional differences and provide models of two
representative regions: northern America and western Europe, which hold the
highest life expectancy estimates, and sub-Saharan Africa, which includes countries
with the lowest life expectancy estimates. For relevant models, we will indicate
regions that are similar to our two sample regions but will not present all of the
regression models here (they are available upon request). Finally, to identify
differences based on threshold values, we present models separately for countries
with life expectancies above and below 60 years of age.

Tables 3 and 4 reveal significant associations between variables measuring
reproduction (adolescent birth rate and total female fertility) and life expectancy. The
relationships remain highly significant when GDP, HIV/AIDS deaths, and dummy
variables for both regions are added to the models. Although multivariate models
that include life expectancy suggest a negative relationship between HIV/AIDS
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Fig. 2 Patterns of life expectan-
cy and gross primary, secondary,
and tertiary education enrolment
ratios by world region
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Table 3 Multivariate linear regression models showing the association of standardized regression
coefficients for life expectancy and covariates (GDP and HIV/AIDS deaths per 100,000 people, dummy
variables for the regions Northern America & Western Europe and Sub-Saharan Africa) with adolescent
birth rate

Adolescent birth rate

Life expectancy —.694%** = 7T5%** = JTTH*FE — 489 **
Gross Domestic Product (GDP) -.078 —.091 — 138**
HIV/AIDS deaths per 100,000 people —.206%* —.208%** —.233%%*
Northern America & Western Europe .064

Sub-Saharan Africa .803***
Adjusted r-square (n) 494 (181) .524 (181) 522 (181) .565 (181)

»<0.001 for all models: *p<0.10, **p<0.05, ***p<0.01

deaths and variables measuring reproduction, bivariate correlations show that HIV/
AIDS is positively correlated with both adolescent birth rate (=0.290, p<0.001,
n=181) and total fertility (+=0.265, p<0.001, n=182). The inclusion of a dummy
variable for the northern America and western Europe region shows that variation in
adolescent birth rate and total female fertility within this region is attributable to life
expectancy and HIV/AIDS, with GDP having no significant impact on the
relationship. This is also observed in East Asia and the Pacific, and in Latin
America and the Caribbean for total female fertility only. However, the inclusion of a
dummy variable for sub-Saharan Africa shows that other factors specific to this
region account for variation in adolescent birth rate and total female fertility. This
result is also observed in the Arab states, Central Asia, central and eastern Europe,
Southwest Asia, and Latin America and the Caribbean for adolescent birth rate only.
Factors that may account for regional variation include cultural values placed on
childbearing and children, the need for children to work the land or in the household,
religious values, women’s access to the labor market, and lack of access to or
utilization of contraception.

In Table 4, variables for education (adult literacy rate, overall and secondary school
enrolment ratios) were added to the models. Education variables contribute significantly
to the relationship between life expectancy and total female fertility. With the addition of
regional dummy variables, we see that variation in total female fertility when controlling
for adult literacy rate is attributable to region-specific factors in sub-Saharan Africa,
central and eastern Europe, Latin America and the Caribbean, and Southwest Asia.
Region-specific factors also account for variation in total female fertility when
controlling for overall and secondary school enrolment ratios in sub-Saharan Africa,
the Arab states, Central Asia, central and eastern Europe, and Southwest Asia.

Adult literacy rate and overall and secondary school enrolment ratios are all
associated with life expectancy, even when controlling for GDP, HIV/AIDS, and the two
regions (Table 5). Although multivariate models including life expectancy suggest a
positive relationship between HIV/AIDS deaths and variables measuring education,
bivariate correlations indicate that HIV/AIDS is negatively correlated with education
variables (adult literacy rate: »=—0.171, p=0.022, n=179; overall enrolment: r=
—0.269, p<0.001, n=180; secondary school enrolment: »=-0.320, p<0.001, n=164).
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The inclusion of dummy variables for all regions shows that variation in indicators
for education (adult literacy rate, overall and secondary school enrolment) is
attributable to life expectancy and HIV/AIDS. However, the inclusion of a dummy
variable for sub-Saharan Africa shows that in addition to life expectancy and HIV/
AIDS, other factors specific to the region account for variation in adult literacy.
This result is also observed in the Arab States, Central Asia, central and eastern
Europe, and Southwest Asia. In addition, other, unknown factors account for
variation in overall school enrolment in the Arab states and Central Asia, and for
variation in secondary school enrolment in sub-Saharan Africa, Central Asia, and
central and eastern Europe.

In models that include a dummy variable for the sub-Saharan Africa region, the
relationships among reproduction, education, and life expectancy (excluding gross
secondary school enrolment), HIV/AIDS deaths, and other unmeasured factors
contribute significantly whilst GDP is only marginally important. (For further details
on the influence of HIV/AIDS in the sub-Saharan Africa region, see Anderson
2010). In contrast, models containing a dummy variable for northern America and
western Europe are representative of the combined data set, displaying the
significant impact of life expectancy on the relationships but limited if any impact
of GDP and/or other unmeasured factors.

Table 6 displays models where life expectancy, adult literacy, overall and
secondary school enrolment ratios, and covariates are added as independent
variables to determine the combined effect on total female fertility separately for
countries with life expectancies below or above 60 years of age. For countries with
life expectancies below 60 years, life expectancy in combination with HIV/AIDS is
highly predictive of total female fertility. The education variables, overall and
secondary school enrolment ratio, were significant in the models only when the
impact of HIV/AIDS was not accounted for. This suggests that HIV/AIDS has a
greater impact than education on the relationship between life expectancy and total
female fertility in countries with lower life expectancies. In countries with life
expectancy >60 years, variables for education remain significant even with the
addition of GDP and HIV/AIDS, which were not significant in these models. These
results support the findings in Table 2 that a threshold level of life expectancy may
be necessary for changes in total female fertility and/or education.

Discussion

The results presented here support our hypotheses that life expectancy is associated
with educational investments and the timing and extent of reproduction. Increases in
life expectancy correspond to decreases in reproductive rate and total number of
offspring, and increases in educational attainment. From this we surmise that when
life expectancy is high, educational attainment is also high, reproductive timing is
delayed, and overall reproduction reduced. As adolescent birth rate increases, adult
literacy and the overall school enrolment ratio decrease (r=—0.717, p<0.001 and r=
—0.624, p<0.001, respectively). The same strong inverse relationship exists between
total female fertility and education (adult literacy: »=-0.812, p<0.001; overall
school enrolment ratio: r=—0.744, p<0.001).
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Variation in reproduction and education measures across regions suggests that
although the relationship between short life expectancies and early and high fertility
holds at multiple scales, differences exist at local levels (Wilson and Daly 1997;
Geronimus 1996a, b, 1997, 2001). These variations may be the result of sociocultural
differences, the influence of economic changes, or, as suggested by Low et al. (2008),
the result of sudden changes in life expectancy (resulting from diseases, such as HIV,
or warfare). In addition, stress created by a heavy disease burden or by conflict may
also be a predictor of earlier age at menarche and at first birth (e.g., Chisholm et al.
2005). The multivariate models presented above show that when controlling for the
influences of economic factors (GDP) and disease stressors (HIV/AIDS deaths), the
relationships among life expectancy, reproduction, and education hold. GDP and HIV/
AIDS explain variation in life expectancy in some regions (the Arab states, East Asia
and the Pacific, and sub-Saharan Africa), but not all.

Uganda offers one example of the impact of disease on life expectancy and
investments in education and reproduction. Uganda was one of 16 countries
experiencing a decline in life expectancy between 1975 and 2000, mostly a result of
high death rates from HIV/AIDS (it was ranked fifteenth of the 193 UN nation-states).
In 2006, life expectancy was 27.5 years lower than that observed in the US; adolescent
fertility rate was more than 250% higher than in the US, with only 24% of women using
some form of contraception (2004 estimate, United Nations). However, the overall
school enrolment ratio reached 62.3%, with 72.6% of the adult population being literate.

In contrast, Afghanistan has experienced no change in life expectancy but has
experienced a persistent stressful environment owing to prolonged conflict. Indeed,
Afghanistan’s indicators for life expectancy, reproduction, and education are outliers
compared with the other nine countries in the UNESCO’s South and West Asia
region (Table 7 and Fig. 1). Although social indicators were low even before the
Soviet invasion in 1979, the prolonged conflict has left Afghanistan severely
impoverished. Gross enrolment in education differs greatly by gender. The primary
school enrolment ratio for males was 1.6 times greater than for females, and the
secondary school enrolment ratio was 2.8 times greater. Half of the men and 85% of
women are illiterate. Lack of proper housing, adequate schools, rural roads,
communication, electricity, water, and sanitary conditions impedes improvements
in health and contributes to low life expectancies.

Countries with high life expectancy generally experience greater political and
economic stability, have greater economic success as measured by GDP, and are
impacted less by diseases affecting adult survival, such as HIV/AIDS. Offspring
success in such countries is dependent on acquired skills needed to compete
economically, requiring considerable parental time and financial investment (Kaplan
et al. 2000). As a result, more opportunities are available that reward educationally
acquired skills and knowledge (Handwerker 1986). This compels a greater proportion
of women to devote additional years to educational attainment, marry later, work
before and after marriage, and increase their resource base (e.g., Low 2000a, b, 2005).
As our data show, countries with higher life expectancies (>60 years) have higher
school enrolment ratios at every level of education, higher adult literacy rates, and
lower adolescent birth rates and total female fertility. For these countries, relationships
among indicators for education, reproduction, and life expectancy are significant.
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In contrast, countries with low life expectancy have weaker government
infrastructures and economies that are unable to respond to the needs of their
populations, making them susceptible to civil warfare, natural disasters, and disease,
and creating stressful environments. Although greater educational attainment
improves health outcomes (Appiah and McMahon 2002), unstable environments
support fewer opportunities that reward educationally acquired skills, thereby
fostering low educational investments and early and frequent reproduction. As
stated in the Human Development Report, “increased exposure to environmental
stress is holding back the world’s poor to build a better life for themselves and their
children” (United Nations 2007:1). Our data show that in countries with a life
expectancy below 60 years, school enrolment ratios and adult literacy rates are
lower, and adolescent birth rates and total female fertility are higher than in countries
with life expectancies above 60 years. However, in contrast to the latter countries, in
countries where life expectancy is below 60 years relationships among education
indicators, adolescent fertility rate, and life expectancy are not statistically
significant.

Within-country variation undoubtedly exists that we cannot account for given the
national-level data used. In addition, other factors influencing control over female
fertility, including access to and acceptance and utilization of modern contraceptives,
and religious and cultural beliefs, likely account for variation between and within
countries. However, and consistent with other research, global and regional
comparisons are highly suggestive of the predictive value of life expectancy on
educational attainment (Camargos et al. 2007; Mackenbach et al. 1997; Meara et al.
2008; Silventoinen and Lahelma 2002; Valkonen et al. 1997) and reproduction
(Chisholm et al. 2005; Low et al. 2008).

By isolating the component measures of HDI and using country-level data we
have demonstrated that although cross-country variation exists, there are strong
interactions among life expectancy, reproductive investments, and educational
attainment, and these interactions occur independently of economic pressures and
disease burdens. As argued by others (Caldwell 1980; Gant et al. 2009; Mamdani
1972; Maternowska 2006), our results suggest that increases in overall knowledge
improve quality of life, access to resources and opportunities, and average life
expectancy, and decrease and delay energy invested in reproduction. However, basic
mass education at the primary level alone may not influence fertility transitions. As
the feedback loop proposed by Hill and Kaplan (1999) suggests, changes in
opportunity structure resulting from improvements in life expectancy and basic
education further reward educationally acquired skills and perspectives, promoting
secondary and tertiary education, which further increases life expectancy and lowers
reproduction. Therefore, given their interactive effects, policies aimed at influencing
education and reproductive decisions should consider environmental characteristics
that drive people’s expectations about their longevity.
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