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The Dutch are the tallest people on earth. Over the last 200 years, they have
grown 20 cm in height: a rapid rate of increase that points to environmental
causes. This secular trend in height is echoed across all Western populations, but
came to an end, or at least levelled off, much earlier than in The Netherlands.
One possibility, then, is that natural selection acted congruently with these
environmentally induced changes to further promote tall stature among the
people of the lowlands. Using data from the LifeLines study, which follows a
large sample of the population of the north of The Netherlands (n ¼ 94 516),
we examined how height was related to measures of reproductive success
(as a proxy for fitness). Across three decades (1935–1967), height was consistently related to reproductive output (number of children born and number of
surviving children), favouring taller men and average height women. This
was despite a later age at first birth for taller individuals. Furthermore, even
in this low-mortality population, taller women experienced higher child survival, which contributed positively to their increased reproductive success. Thus,
natural selection in addition to good environmental conditions may help
explain why the Dutch are so tall.

1. Background
When it comes to height, the Dutch have a remarkable history. In the mideighteenth century, the average height of Dutch (military) men was approximately
165 cm. This was well below the average for other European populations, and very
much shorter than the average height of men in the United States, who towered
over the Dutch by 5–8 cm [1–3]. Dutch men are now the tallest in the world,
having grown by approximately 20 cm over the last 150 years [3,4]. By contrast,
male height in the United States has increased by only 6 cm across the
same time span. Equivalent differences in height are also observed between
The Netherlands and other European countries. Indeed, it is notable that, while
the secular trend in height has slowed or stopped in most North-European
countries [5], it has continued for much longer among the Dutch [6,7], with the
available evidence suggesting it has begun to slow only very recently [4].
The Dutch superiority in height has been attributed to various environmental
factors, including nutrition, particularly the heavy consumption of dairy products
[6,8], and low levels of social inequality, with the provision of high-quality, universal healthcare [1]. By contrast, the United States has experienced growing
levels of social inequality over the last 150 years, despite equivalent (if not
higher) levels of overall wealth compared with The Netherlands [2,9,10], and
these may be responsible for the much smaller increase in average height.
Environmental differences may not be the whole story, however. Recently,
Byars et al. [11] showed, on the basis of pedigree data, that natural selection
was acting on height among United States women: shorter women had higher
lifetime reproductive success than taller women, and their descendants were,
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(a) Selection of sample
As fertility-related traits fluctuate across time (see the electronic
supplementary material, figures S1 and S2), we stratified birth
year into 5-year cohorts (e.g. 1935 –1939, 1940 –1944, . . ., 1965–
1967). We excluded birth cohorts prior to 1935 owing to insufficient
sample size (excluding 846 cases). We also included only those
men and women who were 45 years of age and older (as virtually
all of these have completed reproduction), which further restricted
our sample to the birth year, 1967. Many women show perimenopausal symptoms at this age accompanied by higher levels
of sterility [20]. In this sample only 0.1% of women reproduced
above the age of 45. Although men are physically able to reproduce
to a very late age, we observed that only 1.7% of men in our sample
had their last child after the age of 45.
Finally, we included only heterosexual couples, and only those
individuals who were born in The Netherlands and whose parents
were also born in The Netherlands. Cases in which fertility variables were inconsistent, where relevant information was missing,
including values for height, or when the age at first birth was
younger than 16, were excluded from the analyses, leaving a
sample of n ¼ 42 612 (see the electronic supplementary material,
table S1 for the number of cases that were dropped owing to
each restriction).

2. Material and methods

(b) Fertility variables

LifeLines is a multidisciplinary, prospective population-based
cohort study examining the health and health-related behaviours
of 167 729 persons living in the northeast region of The Netherlands.
It employs a unique three-generation design and covers a broad
range of investigative procedures in assessing the biomedical,
socio-demographic, behavioural, physical and psychological factors which contribute to the health and disease of the general
population, with a special focus on multimorbidity and complex
genetics. In addition, the LifeLines project comprises a number of
cross-sectional sub-studies that investigate specific age-related conditions. These include investigations into metabolic and hormonal
diseases, including obesity, cardiovascular and renal diseases, pulmonary diseases and allergy, cognitive function and depression,
and musculoskeletal conditions. The study design involves initial
contact with a random sample of people aged between 25 and
50 years, who are invited to participate (n ¼ 54 702). Subsequently,
their family members (if present) are invited to join the study (i.e.
parents, partner, parents in law, children), resulting in the sampling
of three generations across each family [18]. Here, we have used data
collected during the first wave of the study (‘Data Release 2013 I’;
n ¼ 94 516), with all participants being between 18 and 93 years
of age. All participants signed an informed consent form during
the first visit at one of the LifeLines research locations.
In the data that we received, family members and spouses
could not be linked to one another. Thus, we cannot avoid a certain
amount of pseudoreplication owing to the similarity between
family members and spouses. Although not ideal, we believe

Data are available for the sex, birth and death dates for up to six
biological children of the respondent and his or her current partner. These same questions were also asked for up to six biological
children produced within a previous partnership. We included
fertility data only for those respondents who gave full information on the birth-date and sex of all their children. Based on
these variables, we computed the total number of children ever
born, the total number that survived to the age of 18, and the
age at first and last birth. We excluded all those cases in which
respondents reported an age at first birth younger than 16 (to
exclude errors in reporting for very young ages at first birth).
Respondents were also asked about relationship duration,
which we used to calculate the age at onset of the current relationship. We excluded those cases in which the age at the start of the
relationship was reported as being younger than 16. From this variable, we calculated the timing of the first birth with the current
partner from the start of the relationship. The age at the start of the
relationship does not necessarily correspond to the age at the start
of an individual’s first relationship, nor the first successful (reproductive) union. We excluded cases in which the age at first birth
with the current partner was younger than the age reported at the
beginning of the current relationship as a means to exclude reporting
errors, but, by necessity, this will also exclude any individuals who
experience their first birth with a previous partner. This in turn
means that, when examining the timing of the first birth from the
onset of the current relationship, we could only calculate values
for those who had experienced a first birth with their current partner.
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that this does not constitute a major problem for our analyses
because: (i) given the long generation time of humans, there is unlikely to be much overlap across generations because we only
include only men and women above the age of 45, and those
born within a specific time period (1935–1967); and (ii) we are primarily interested in how selection acts on height within each sex,
given that previous research suggests different pathways by
which the sexes achieve higher reproductive success (e.g. [17]).
While genotype information is available for a subsample of the
LifeLines study, the selection of data for the current study means
that the sample available for genetic analyses is rather small
(approx. 2000 per sex), and would be severely underpowered for
any statistical approach using non-family members, particularly
for the bivariate model [19].
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on average, predicted to be slightly shorter than they would
have been in the absence of selection. Stulp et al. [12,13]
showed phenotypic associations between stature and reproductive success in the United States, such that shorter women had
higher reproductive success than their taller counterparts [12],
while average height men experienced greater reproductive
success than taller or shorter men ([13]; findings that were replicated by [14] and [15]). These findings are interesting, not only
because they suggest that selection has been acting on height
in contemporary Western populations but also because they
deviate from expectations with respect to expressed mate preferences, which favour taller men and average height women
[16,17]. In addition, they show that environmental influences
vary across populations: the factors that tend to push up average height clearly operate more strongly in The Netherlands
than they do in the United States. Furthermore, it appears
that, in the United States, natural selection is working against
environmental factors to actively favour shorter stature.
It therefore becomes relevant to ask whether natural
selection has also exerted an influence on stature among
the Dutch, and whether selection pressures differ to those
in the United States. Specifically, the recent large increase in
height suggests the possibility that environmental and selective factors operate congruently among the Dutch, rather
than antagonistically as seen in the United States. Here, we
test the prediction that, in The Netherlands, taller men and
women have experienced higher reproductive success. We
examine how both male and female height are related to fertility
(i.e. the number of children born) in a very large sample
(approx. 90 000) of individuals from the Northern three provinces of The Netherlands. In doing so, we also address
factors that potentially underlie any observed associations,
including child survival, aspects of mate choice and partnership
formation and the timing of births.
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Marital status was coded as Married/Registered partnership
(79.9%), Living together (6.6%), Living alone (4.0%), Widow
(2.9%), Divorced (4.4%), Living apart together (2.0%) and
Other (0.3%). From these, we created a variable ‘ever had a partner’, which coded all categories except ‘Living alone’ as 1
(96.0%), with ‘Living alone’ coded as 0 (4.0%; we excluded the
‘Other’ category). Our second mate choice variable concerned
current relationship status. We deduced whether a participant
was in a current relationship from the survey question concerning the sex of their partner, i.e. we included only those men
and women that reported an opposite-sex partner, as this was
the only means available to assess current status. Those that
did not report on the sex of the partner were not considered to
be in a current relationship. Based on this classification, 87.6%
of participants currently had a partner, whereas the rest did not.

(d) Other variables of interest
A number of our analyses control for education, income and
health, as these are often considered to be important confounds
of height [12,13,21 – 25]. Health, education and income were provided at the time of the interview. Such measures cannot,
therefore, be taken as indicative of childhood environment, and
so our analyses do not control for any environmental influences
that affect early growth and subsequent adult height. The homogeneity of the population with respect to health differentials,
and the wide provision of healthcare, suggest any such influence
is likely to be small. Instead, our analyses control for health, education and income in adulthood as possible mediators of the
influence of adult height on fertility. Education was partitioned
into nine categories: No education, Primary education, Lower
or preparatory vocational education, Lower general secondary
education, Intermediate vocational education or apprenticeship,
Higher general secondary education or pre-university secondary
education, Higher vocational education, University and Other
education. We excluded those that reported ‘Other’ (n ¼ 1801;
1.9%). Net income per month (in euros) was divided into the following categories: Don’t know, Rather not say, less than 750
euros, 750 – 1000, 1000 – 1500, 1500 – 2000, 2000– 2500, 2500 –
3000, 3000–3500, more than 3500. Some respondents filled in an
older questionnaire that meant they could not be placed into one
of the above categories. For our analyses, we included only those
who reported their income (79.2%). Self-perceived health was
rated as either Excellent, Very good, Good, Not so good or Poor.
Self-reported health is a valid general assessment of one’s health
status, covering largely physical and functional aspects of health,
but is not connected to any specific illness, and has been shown
to predict mortality and morbidity and to have a high test–retest
reliability in a number of studies. This variable has, furthermore,
been recommended for comparative research by the World
Health Organization and many researchers have followed this

(e) Analysis
We used Poisson, logistic and linear regression, depending on the
distribution of our dependent variable. For our ‘timing’ measures
(e.g. age at first and last birth, age at menses), we used linear
regressions, but survival analyses produced very similar results
(not reported here).
To correct for any secular changes in the dependent variables
over time (e.g. changes in fertility and age at first birth; see the
electronic supplementary material, figure S1), we included birth
cohort as a factor in all our analyses (i.e. the seven different
5 year cohorts). To correct for the secular trend in height over
time, we calculated a running average of height (5 year bins)
across time for each sex, and we did the same for the standard deviation of height. Thus, the mean and the standard deviation of
height in a given year, e.g. 1950, are represented by the mean
and s.d. of heights within that year plus the two previous and
two subsequent years (1948– 1952). We standardized an individual’s height by subtracting the running average height for the
birth year of the respondent, and dividing it by the running s.d.
Thus, a Z-score of 1.0 indicates an individual who is one standard
deviation above average height for their sex within a given birth
year (see the electronic supplementary material, table S3 and
figure S2). We included an interaction term between height and
birth cohort to examine whether height was differentially related
to the dependent variable across birth cohorts. In only four (out
of 51) analyses was a significant interaction found (electronic supplementary material, tables S4–S14). For those cases where there
was a significant interaction, it was never the case that the relationship changed in terms of sign and remained significant (i.e. only
the magnitude of the effect of height changed, with some cohorts
displaying significant effects of height and others showing no
effect). We do not discuss these interactions further.
To assess whether there were any nonlinear patterns with
respect to the effects of height on any of the dependent variables,
we included a quadratic term for height, while always including
a linear term for height, even when this was non-significant. In
what follows, if neither height nor height2 was significant in
the analyses, we present the model with both variables. To examine the optima of curvilinear effects, we obtained a 95%
confidence interval for the optimum by simulating the model
that included both the linear and quadratic term over 1000 iterations (using the ‘simulate()’ function in R), and refitting the
statistical model. Through this method, 1000 parameter estimates
and hence optima are generated, from which we could determine
a 95% range, which we used as our confidence interval.
To provide a measure of effect size that was comparable
across the different measures and sexes, we estimated the smallest (minimum) and largest (maximum) predicted value (based
on the parameter estimates in the electronic supplementary
material, tables S4 – S14) within 22 and þ2 s.d. of the height
range. We expressed the ratio between this maximum and minimum (maximum/minimum) in percentages. This measure of
‘effect size’ is not comparable with more traditional effect size
estimates. All analyses were performed in R [27].

3. Results
See table 1 and figure 1 for an overview of the results, and
the electronic supplementary material, tables S4–S14 for
parameter estimates of all analyses.
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(c) Mate choice variables

advice (see [26] and references therein). Height was measured by
researchers, and the measured height was subsequently verified
by the respondent. Height was missing for only 29 individuals.
See the electronic supplementary material, table S2 for
descriptive statistics of the entire sample.

rspb.royalsocietypublishing.org

We reran analyses pertaining to the age at onset of the current
relationship and the time to first birth, including only those individuals that had never been divorced, widowed, and who did not have
children with any previous partners. Results did not differ (see the
electronic supplementary material, tables S6 and S10).
We also included only those women who reached menarche
between 8 and 20 years of age. Very late menses may signal
potential problems with ovarian function, which would have a
subsequent effect on fertility-related traits. Something similar
may also be true for very young and old ages at menopause,
hence we restricted age at menopause to between 30 and 60.
Although these cases are of interest given that age at menses
and menopause are plausibly related to fertility outcomes, we
cannot exclude the possibility of reporting errors, and our
sample is therefore conservative.

no effect
curvilinear

curvilinear
curvilinear

curvilinear
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curvilinear
no effect

no effect

proportion surviving
surviving children
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ever had partner
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2

3.0% (2.29– 2.35)
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0.1% (36.42 – 36.47)
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effect size
(min – max)c
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The effect of height on the dependent variable. ‘Curvilinear’ indicates a nonlinear pattern with an optimum signiﬁcantly different from the average height (with both the estimates of height and height
signiﬁcant), whereas ‘quadratic’ refers to a nonlinear pattern with an optimum around average height (with only height2 signiﬁcant).
b
Conﬁdence interval determined through simulating the data (see text).
c
Our measure of the size of the effect; smallest (minimum) and largest (maximum) predicted value within 22 and þ2 standard deviations of the height range; the percentage reﬂects maximum/minimum.
This is not a ‘traditional’ effect size.
d
Controlled for education, health and income.
e
The effect of height is weak and marginally signiﬁcant, which is why the optimum cannot be established very accurately.
f
This ‘effect size’ was established for the median age in the relationship (22 for women, 25 for men).
g
Difference between age at menses and age at menopause.

a

positive

ever had 2nd child

age at menopause

no effect
curvilinear

quadratic
quadratic

no. children after ﬁrstborn
ever had child

11.6% (2.14 – 2.39)
7.3% (2.20 – 2.36)

curvilinear
curvilinear

ever-born children
ever-born with controlsd

1.016 (0.504, 2.242)
0.630 (0.060, 2.224)

effect of
heighta

effect size
(min –max)c

effect of
heighta

variable

optimum (CI95)b

women

men

Table 1. Summary of results.
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(a)

2.5

5

(b)

no. children

2.3
2.2

2.0
(c) 1.00

(d )

proportion

0.95

0.90

0.85

ever had child
currently has partner
ever married

0.80
(e)

1.0

(f)

0.8

age at start relationship
age at first birth
age at last birth

years (centered)

0.6
0.4
0.2
0.0
–0.2
–0.4
–0.6

–2

–1
0
1
2
standardized male height

–2

–1
0
1
2
standardized female height

Figure 1. Model predictions for the effect of (a,c,e) male and (b,d,f ) female height (standardized) on several variables. The height range between 22.5 and 2.5
standard deviations is plotted. Models evaluated for birth cohort 1950 – 1954. The number of children with current partner (c and d ) is evaluated at the median age
at the start of the relationship. Health, education and income are control variables in a and b.

(a) Height and reproductive success in men
For men, there was a curvilinear effect of height on reproductive
success, with taller than average men producing both a larger
number of ever born children and more surviving children
(table 1 and figure 1a). There was no effect of height on
child mortality nor on the proportion of surviving offspring
(table 1). Controlling for education, income and health slightly
attenuated the effect of height on reproductive success,
suggesting that the relationship was partially mediated by
these factors (table 1, figure 1a). Shorter men were also likely
to have lower fertility because of a reduced likelihood of currently being in a relationship and ever having a partner (table
1 and figure 1c); controlling for these mate choice variables in
both cases decreased the effect size of height on fertility,
suggesting partial mediation (electronic supplementary

material, table S7). Taller men were also more likely to have a
second child compared with shorter men (table 1), however,
which indicates that relationship status was not the sole cause
of higher fertility among taller men. Taller men started their
current relationships at a later age than both average height
and shorter men (the latter starting their relationships at a
later age than average height men; figure 1e), which might
account for the levelling-off of fertility for very tall men. This
is countered, however, by the positive relationship between
height and the number of children produced within a man’s
current relationship (figure 1a). Indeed, very tall men were
likely to do better reproductively than men of only above average height within their current relationship. It is also notable
that taller men achieve their higher reproductive success despite
a later age at first birth (figure 1e).

Proc. R. Soc. B 282: 20150211

no. children ever born
no. surviving children
no. with controls
no. children with current partner

2.1
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2.4
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(b) Height and reproductive success in women

4. Discussion
Our results suggest that average height women have higher
fertility, compared with both shorter and taller women, and
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For women, the effect of height on reproductive success
was quadratic, with women of average height giving birth
to more children and producing more surviving children
(table 1 and figure 1b). Controlling for education, income
and health attenuated this relationship only very slightly
(figure 1b), suggesting these factors have a lesser role to play
in mediating this relationship compared with men. Again, in
contrast to men, height also had a significant curvilinear
effect on the probability of losing a child and also on the proportion of children surviving (table 1). Shorter women were
more likely to experience the death of a child, and hence
taller women had a higher proportion of surviving children.
Average height women were more likely to have a partner
than women of shorter or taller heights, which may partly
explain their higher fertility (table 1 and figure 1d). Indeed,
as with our male sample, controlling for partnership status
attenuated the effect of height on fertility, indicating partial
mediation (electronic supplementary material, table S11).
Also similar to men, height actually had a positive effect on
fertility within a current partnership (figure 1b), with taller
women producing more offspring than average height or
shorter women. This increase in female reproductive output
was achieved despite a later age at first birth, and a longer
interval between the onset of the current relationship and
starting a family (table 1 and figure 1f ). Taller women also
had a later age at last birth, which may have compensated,
at least partly, for this late start (table 1 and figure 1f ).
For women, it was also possible to assess age at sexual
maturity as well as menopausal age, both of which were positively related to height (table 1). There was, however, no overall
effect of height on the overall length of women’s reproductive
lifespan (i.e. the period between the onset of menstruation
and its termination at menopause). Controlling for the age of
menses did not affect the relationship between height and
fertility in any meaningful way (electronic supplementary
material, table S13).
In summary, then, average height women experienced
higher fertility than shorter or taller women, and this effect
was partly mediated by their greater likelihood of currently
being in a relationship. Within an established relationship,
however, taller women experienced higher reproductive success, and did so despite a longer interval between
relationship formation and starting a family, and a later age
at first birth. Taller women also experienced a later age at
sexual maturity, which may have contributed to this later age
at first birth.

that taller men have higher fertility compared with shorter
men. It therefore seems plausible to suggest that natural
selection may have acted on the Dutch population, and
helped drive the Dutch toward taller heights. Examining
the effect sizes in table 1 (see also figure 1), however, two
things are apparent: first, effect sizes are very low. Owing
to our large sample, we were able to identify highly significant, but very small effects. Second, for our more direct
measures of fertility (e.g. childlessness, surviving children),
the effects of height are stronger for men than for women.
With respect to the number of surviving children, for
example, the difference between the most successful man
(as predicted by the statistical model, and within the 22
and 2 s.d. of the height continuum) and the least successful
man was approximately 0.24 of a child (i.e. 11.2% difference
in magnitude). For women, this difference was only 0.09 of
a child (3.8%). Phenotypic selection in this sample is therefore
stronger on men than on women.
Although our findings are suggestive of selection on
height, and are in line with genetic evidence regarding past
selection on stature in Northern Europe [28], we do not present direct evidence for natural selection. The phenotypic
correlation we observe can be caused by both environmental
and/or genetic factors, and we can infer the degree of natural
selection only to the extent to which genetic effects on both
traits correlate [29]. Nevertheless, our current knowledge of
the genetic architecture of both human height and fertility
support an evolutionary interpretation. The largest part of
the variation in human height (approx. 80%) in Western
populations is due to genetic differences between individuals, as shown using both family designs (e.g. [30–32]), as
well as molecular genetic information on genetic variation
within families [33]. Genetic variation in common single
nucleotide polymorphisms measured in unrelated individuals also supports this interpretation [34]. Studies by both
biologists and demographers also show a moderate genetic
component to fertility traits, such as number of children
ever born and the age at first birth, which explains up to
40– 50% of the variance in these traits [11,35–38]. Such findings were also observed for a historical Dutch population
[39]. Moreover, studies have observed a genetic correlation
between female height and age at first birth [14,40].
At present, then, we only have a phenotypic relationship,
but this finding is interesting to consider: why should average
height women and taller men be reproductively more successful in this population? Taking women first, one reason
why average height women do better is that shorter women
in our sample showed higher rates of child mortality, despite
this being a low-mortality population overall (findings very
much in line with non-Western populations: [41–43], and
a previous study on a Western population [12]). Thus,
although average height women experienced a later age at
first birth than shorter women, this may be offset by the
small reproductive disadvantage suffered by shorter women.
At the other end of the height spectrum, and similar to men,
taller women actually had higher fertility with their current
partner, but tended to form partnerships later in life compared
with shorter women, and taller women were also less likely to
be partnered overall. Given that both taller men and women
started their current relationships at a later age, our findings
are also consistent with studies demonstrating assortative
mating for height (e.g. [44]). Although taller women show
lower fertility compared with average height women, this
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Overall then, taller than average men in our sample
experienced higher fertility, partly because they were more
likely to be in a (current) relationship, and also because
they were able to produce more offspring within those
relationships than shorter men, despite beginning their reproductive careers later. The levelling-off of the relationship at
the very tallest heights may be owing to entering into a reproductive partnership at an older age, which then influences
age at first birth.
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often receive more education and higher incomes [22,23],
which may influence both partnership and family formation
decisions in distinctive ways [20]).
Another question our study raises is why the Dutch pattern
differs from that of the United States where shorter women and
average height men have higher fertility [11,12]. Although we
can only speculate, one plausible reason may be that, because
shorter height is associated with a much earlier age at marriage
and first birth in the United States, the increased length of
the reproductive period contributes to higher reproductive success, despite shorter women suffering higher rates of child
mortality. In turn, the higher reproductive success of shorter
women may explain why average height men, who are more
likely to be paired with shorter women [44], have higher fertility in the United States [50]. Given that, in The Netherlands,
within a current partnership, average height women and
taller women display higher fertility than shorter women, it
would follow that men partnered to such women, who are
themselves likely to be taller than average, will reap reproductive benefits from their spouses. Future studies can test this
hypothesis by examining the simultaneous effects of spousal
heights on a couples’ fertility. Of course, there may be many
other ecological differences between the United States and
The Netherlands that may favour taller or shorter stature (see
[3] for further discussion), and there is no reason to expect
that selection pressures will be consistent across populations,
or across time [51]. Furthermore, biases in sampling or
response rates, and accuracy of reporting, also hinder accurate
comparison between the two populations (see also [15]).
Finally, it is important to emphasize again that our effect
sizes are very small, and there are many other factors that
explain why people have children [46]. Indeed, it is remarkable
that height shows any influence at all, given the vagaries of the
mate choice and partnering processes. What this study also
makes clear, however, is the complexity of the relationship
between height and reproductive success, even if we ignore
these other factors. Our study thus provides an excellent
illustration of why, even for a seemingly straightforward
‘biological’ trait like height, sociocultural factors that influence
the likelihood and timing of reproduction are influential, in
addition to physiological and life-historical considerations.
Despite this complexity, our results nevertheless suggest
the possibility that natural selection acts on height in The
Netherlands, and may partly explain why the Dutch,
apparently not yet tall enough, keep growing taller.
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does not seem to reflect differences in fecundity per se, but
more likely relates to other decision-making processes (such
as the decision to continue into higher education) that postpone
fertility [20,45,46].
The higher reproductive success of tall women within
established partnerships, combined with findings on age at
menopause and menses fit well, at least superficially, with
life-history theory and the trade-off between growth and
reproduction [14,47,48]. Taller women invest more in growth,
reach menses later and have a later age at first birth, possibly
because they reach peak fertility later than women who experience early menarche. As already noted, a later age at first
birth among taller women also seems to reflect a lower likelihood of being in a relationship. Once such women establish a
relationship and begin reproducing, however, they appear to
compensate for their late start, and are more reproductively
successful than shorter women. This is partly because they
continue reproducing to a later age. This suggests that taller
women, having invested in early growth, are able to reap the
benefits of greater productivity and higher fecundity in later
life, as life-history theory suggests [48]. Tellingly, however,
these benefits only become apparent once a partnership is
formed. Thus, although typical life-history trade-offs may be
present, these are heavily contingent on the likelihood and
timing of pair formation, and the advent of reproduction.
This probably explains why average height women, who are
both more likely to be partnered and less likely to suffer the
child mortality disadvantage of shorter women, display
the highest overall reproductive success.
It is possible that similar life-history trade-offs may affect
men’s fertility, but these are likely to be less stringent than in
females, as the costs of reproduction are lower for men, and
life-history processes may therefore operate differently
between the sexes. It is also the case that selection pressures
on height can differ between the sexes, where sexual selection
via female choice exerts more of an influence on male height
than does male choice of female partners (for further discussion of these points, see [3]). This is not to say that height
does not influence female mating success, only that the effects
are known to be stronger in males (see [17,49] and [3,16] for
reviews). Indeed, there is a striking similarity between the
selection pressures identified in this study, and relationships
found between height and attractiveness in both laboratory
and field settings [3,16,17], where taller men and average
height women are, on average, preferred by the other sex.
Thus, direct preferences for taller height among men, and a
combination of preference for average height and life-history
trade-offs among women may account for the patterns
seen here.
It is important to remember, though, that the variables
used here (e.g. timing of reproductive partnership formation)
are not very accurate measures of attractiveness or mate
choice. Indeed, the finding that taller men establish partnerships at a later age and have a later age at first birth,
suggests that treating such measures as proxies for attractiveness may be flawed. This is complicated by the fact that we
could only assess reproductive timing and success within
current relationships; men may have experienced previous
(reproductive) relationships, prior to their current relationship. In addition, factors unrelated to partnership formation
or attractiveness undoubtedly underpin many of the patterns
we observe here. Height may therefore act as an index for differing life goals and choices (for example, taller individuals
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