
That menopause in the human female typically precedes death prompts the 
hypothesis that some evolutionary advantage must be gained by an individ-
ual’s premature cessation of reproduction.  A number of hypotheses for the 
existence of this species-wide characteristic have been proposed, the most 
prominent of which include the mechanistic hypothesis1, the Grandmother 
Hypothesis2,3, and the Mother Hypothesis4.
In a mechanistic approach to understanding the cessation of human repro-

duction,  it is argued that once a woman’s ovarian reserve drops below a 
minimum level necessary to produce sufficient estradiol to drive the hypotha-
lamic-pituitary-ovarian axis, ovarian functioning begins to decline, prompting 
the perimenopausal transition.
Conversely, proposed explanations for an advantage to ceasing reproduc-

tive investment include the Grandmother Hypothesis and the Mother Hypoth-
esis, both of which draw on Life History Theory, particularly the argument that 
adult mortality schedules are a primary driver in life history strategies.  The 
Grandmother Hypothesis proposes that late in life a woman can gain a great-
er fitness advantage by foregoing investment in her own reproduction in favor 
of investment in the maintenance of her lineage (i.e. caretaking of grandchil-
dren).  The Mother Hypothesis posits that a woman’s Lifetime Reproductive 
Success (LRS) depends upon the likelihood that she will survive until her 
youngest child has a high probability of reaching reproductive maturity.
These two hypotheses are not mutually exclusive and selection may well 

be acting simultaneously in the ways described in each model.  Although the 
focus differs in the two hypotheses, they share the argument that in a popula-
tion with high adult mortality, one expects an earlier onset of menopause than 
in populations with relatively low adult mortality. Comparisons across popula-
tions tend to support this prediction (see Table 1).

A logistic regression of current age and current cycling status estimated 
the median age at menopause to be 48.0 years (p<0.001, CI:  46.78 - 49.56 
years; see Fig. 1; all analyses used SPSS v. 18.0).  This estimate falls on 
the lower end of the range of reported age at menopause in different popula-
tions (see Table 1).  This finding is consistent with the prediction that a popu-
lation characterized by high mortality is expected to have an earlier age at 
menopause.
We then conducted factor analysis to generate a composite indicator of 

socioeconomic status and then ran logistic regression on current age, SES, 
and age at menarche.  In our logistic regression model, a lower age at men-
arche predicts a lower age at menopause (p=0.053; see Fig. 2).  As age of 
menarche increases, so does age of 
menopause on average, suggesting 
that the reproductive lifespan remains 
relatively constant among the mem-
bers of this population, regardless of 
specific ages of initiation and cessa-
tion.  This model also predicts that as 
socioeconomic status increases within 
a given age of menarche, a woman will 
have an earlier onset of menopause 
(Fig. 3), but this effect is very small.

Reproduction and Ecology in Provincia Aroma (REPA) is a multidisciplinary 
longitudinal study of reproductive functioning and health in rural Bolivia.  The 
first phase of Project REPA took place in 1995 to 1997; women aged 22-

38 years were recruited from an agro-
pastoral region in the Bolivian altipla-
no.  This population is characterized 
by high mortality, a consequence of 
the harsh environment.  During a pri-
vate interview conducted in the par-
ticipant’s native language (Spanish or 
Aymara), women were asked to report 
reproductive status and history.  Indica-
tors of socioeconomic status were also 
collected.  Anthropometry was carried 
out by a single trained observer (VJV) 
and included measurements of height, 
weight, and skinfolds.
In the second phase of Project REPA, 

carried out from June to December 
2010, women who had participated in 
the earlier study were recruited.  Partic-
ipants were asked to self-report repro-
ductive status and updated histories in 
a private interview, also conducted in 
her native language.

These observations are intriguing from a life history perspective. The ab-
sence in these women of a definitive effect of SES on age at menopause 
may be a consequence of the inadequacy of an indicator of adult SES status 
to capture SES status during childhood, a period that may be of greater im-
portance than adulthood in determining age at menopause.  Nonetheless, in 
this highland Bolivian population, greater SES in adulthood, which denotes 
greater access to resources and which has previously been shown to be as-
sociated with improved nutritional status in these women6, does not appear 
to extend their reproductive lifespan.
The observed patterns in this population, especially a low age at meno-

pause and a relatively invariant reproductive lifespan regardless of the age 
at menarche, may be a consequence of the high adult mortality risk associ-
ated with living in the Bolivian altiplano. If improvements in SES have little 
impact in mitigating this adult mortality schedule, then it may be selectively 
advantageous for those with greater resources to experience menarche rel-
atively early (as has been frequently documented), and to cease ovulating 
somewhat earlier near the end of life.  Compared to poor individuals in the 
same population, women of higher SES can “afford” to cease the produc-
tion of new offspring in order to invest more readily in the the maintenance 
of their existing offspring/grandoffspring, thus making it more likely they will 
survive to adulthood.
The observations presented here are by no means conclusive.  Much work 

remains to be done to identify the exact determinants of the timing of meno-
pause, especially  in populations with high adult mortality, a condition that may 
have more closely matched that experienced in some populations through-
out human evolutionary history.

Agropastoralism is one of the principle economic strat-
egies in the Bolivian altiplano.  In the photograph above, 
two Aymara women return in the late afternoon from 
taking their livestock to pasture.  In the second photo-
graph, a young Aymara girl poses in front of a hillside 
landscape.  Her community represents one of the few 
that maintain adequate access to water for irrigation.  
The hillside is full of terraced land, another main strat-
egy in the altiplano.
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FIGURE 1.  Logistic regression model for the proba-
bility of being post-menopausal as a function of age.
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FIGURE 2.  Logistic regression models for the prob-
ability of being post-menopausal as a function of age 
and age at menarche.
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TABLE 2.  Mortality profile for Bolivia5

FIGURE 3.  Logistic regression models for the prob-
ability of being post-menopausal as a function of 
age, age at menarche, and socioeconomic status. 

TABLE 11. Estimates of the median age at menopause 
in contemporary populations.

          Female  Male

Average life 
expectancy 

Adult mortality
(per 1,000)

Child mortality
(per 1,000)

 67   63

184     247

 64   68
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