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Abstract: Coordinated maternal/fetal responses to pregnancy are required to ensure continuous 
O2 delivery to the developing organism. Mammals employ distinctive reproductive 
strategies that afford their young an improved chance of survival through the comple-
tion or the reproductive period. Thus, mortality prior to the end of the reproductive 
period is concentrated in the earliest phases of the lifecycle. At high altitude, fetal 
growth restriction reduces birth weight and likely compromises survival during the 
early postnatal period. Population variation in the frequency of the altitude-associated 
increase in intrauterine growth restriction (IUGR) demonstrates that multigeneration-
al Tibetan and Andean high-altitude populations are protected compared with shorter 
duration, European or Han (Chinese) residents. This experiment of nature permits 

-
sociated IUGR, (b) act on maternal vascular adjustments to pregnancy determining 

by hypoxia-inducible factors (HIFs). Serial, studies during pregnancy as well as post-

will permit evaluation of whether uteroplacental O2 delivery is lower in the European 
than Andean women and, if so, the physiological factors responsible. Comparisons of 
HIF-targeted vasoactive substances and SNPs in or near HIF-regulatory or targeted 
genes will permit determination of whether these regions are distinctive in the Andean 
population. Studies coupling genetic and genomic approaches with more traditional 
physiological measures may be productively employed for determining the genetic 
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INTRODUCTION

8000 ft) have long sought to determine whether or not there are genetic factors involved. 
-

netic attributes vs. those that are acquired as a result of prenatal, postnatal, or later-in-life 

are only genetic factors responsible for visible traits. Interaction is so ubiquitous that some 
-

characteristics on the expression of genetic traits. For example, at high altitude, the larger 
-

posure and a hereditary potential for larger lung dimensions (19). In addition. Brutsaert 

function of acquired traits such as habitual exercise levels and
extent to which genetic factors confer protection from an altitude-associated decrement in 
maximal exercise capacity (8).

The purpose of this article is to describe a model for identifying the genetic and/or ge-

groundwork for applying the analytical techniques described in this volume by Shriver et
al., to the adaptive challenge of fetal growth restriction posed by residence at high altitude. 
For reasons elaborated upon below, because the risk to survival prior to the end of the 
reproductive period is greatest during the period of pre- and early post-natal life, we elect 
to focus on fetal growth restriction as our index of high-altitude adaptation. Since genetic 
changes occur over generations and hence require long periods of time, we also choose to 
compare populations with and without multigenerational exposure to high altitude, while 
proposing to make provision for controlling for differences between groups unrelated to 
high-altitude exposure.

DEFINING ADAPTATION

-
-

lection – but only one of these, natural selection, is directional. Natural selection is also the 
force of greatest interest to physiologists since, generally, it is the effects of genes on the 
organism’s ability to adapt to the environment that is of paramount concern.  “Adaptation” 
in an evolutionary context refers to the ability to live and reproduce in a given environment 
(17). In principle, adaptations can be grouped into those affecting fertility (the production 
of live offspring) and mortality (in an evolutionary context, the ability of the organism to 

both fertility and mortality, sometimes simply referred to as reproductive success. Distin-

mammals that, as a group, shelter their young within their mother’s uterus, making early 


