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Objective: In this article we examine the association between female height and reproductive success in a US
sample and present a review of previous studies on this association. We also outline possible biological explanations for
our ﬁndings.
Methods: We used data from a long-term study of 5,326 female Wisconsin high school graduates to examine the
association between female height and reproductive success. Twenty-one samples on this association were covered by
our literature review.
Results: Shorter women had more children surviving to age 18 than taller women, despite increased child mortality in shorter women. Taller women had a higher age at ﬁrst birth and age at ﬁrst marriage and reached a higher social
status, but the negative effect of height on reproductive success persisted after controlling for these variables. However,
while these effects were quite consistent in Western populations, they were not consistently present in non-Western
populations. Our review also indicated that child mortality was almost universally higher among shorter women.
Conclusions: We conclude that shorter women have a higher number of live births but that ﬁnal reproductive success
depends on the positive effect of height on child survival. Am. J. Hum. Biol. 24:486–494, 2012.
' 2012 Wiley Periodicals, Inc.

Female height may in various ways be associated with
reproductive success. First, shorter women may have
more reproductive success than taller women because of
the trade-off between investing energy in somatic growth
or reproduction (Stearns, 1992). This trade-off is evidenced by the fact that women who have menarche at an
earlier age typically reach a shorter adult height than
women who have menarche at a later age (McIntyre and
Kacerosky, 2011; Okasha et al., 2001). Similarly, women
who have their ﬁrst child at an earlier age are shorter
than women who give birth at a later age (Helle, 2008).
Thus, taller women seem to become fertile at a later age
than shorter women and women who invest energy in
reproduction at an early age (e.g., early menarche or child
birth) reach a shorter adult height, which may result in a
negative relationship between female height and reproductive success.
In addition, the positive relationship between height
and social status could translate into decreased reproductive success for taller women, and thus into more reproductive success for shorter women. In Western societies,
education and income reﬂect social status and height is
positively correlated with education (Cavelaars et al.,
2000; Silventoinen et al., 1999), as well as with income
(Judge and Cable, 2004). Both education and income are
negatively associated with female reproductive success:
relatively highly educated women and women with high
incomes have less offspring (reviewed in Hopcroft, 2006;
Nettle and Pollet, 2008).
The higher potential reproductive success among
shorter women, however, may be counteracted by the
negative relationship between maternal height and child
morbidity and mortality. Shorter women are at a higher
risk for complications during pregnancy, such as stillbirths (Bresler, 1962), failure to progress in labor (Sheiner
et al., 2005), and the need for Caesarean sections (KirchC 2012
V
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engast and Hartmann, 2007; Stulp et al., 2011). The
adverse effect of short height is not limited to complications during pregnancy, but extends to the health of the
newborn baby as shorter women are more likely to give
birth to infants with a relatively low birth weight (Camilleri, 1981) and with relatively low Apgar scores (a health
assessment score directly after delivery; Camilleri, 1981;
Casey et al., 2001). Both measures are predictors of child
morbidity and mortality (Casey et al., 2001; McIntire
et al., 1999). Although little is known about the relationship between height and child mortality in developed
countries (although see Bresler, 1962), maternal height is
almost universally negatively related to child mortality in
developing countries (Monden and Smits, 2009) and in
low- to middle-income countries (Özaltin et al., 2010).
To complicate matters further, the increased ability to
attract mates by average height women compared to
shorter and taller women may translate into decreased
reproductive success for both shorter and taller women.
Indeed, a recent review of the attractiveness of female
height suggests that men prefer partners shorter than
themselves, but do not have a general preference for
shortness (Courtiol et al., 2010). These preferences result
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in women of average height being considered more attractive than either short or tall women. Consistent with this
pattern is the curvilinear association between height and
jealousy, with average height women being least jealous of
attractive rivals (Buunk et al., 2008), and least competitive toward other women (Buunk et al., 2009). Therefore,
short as well as tall women may have more difﬁculty in
attracting a partner.
In the present article, we aimed to disentangle the association between female height and reproductive success
by taking into account the various factors that might
underlie this association. We did so, ﬁrst, by examining
the relationship between height and reproductive success
in a broad sample of a Wisconsin (US) population. As a
proxy for reproductive success, the number of children
ever born and surviving to reproductive age was used. To
disentangle whether an observed relationship between
height and reproductive success could be explained by the
trade-off between reproduction and growth, social status,
child survival, or the ability to attract a partner, we examined the relationship between height and these factors,
and how these factors affected reproductive success. For
the trade-off between reproduction and growth we examined the association between height and age at the birth
of the ﬁrst child as well as the association between height
and reproductive success in women who already had
reached their ﬁnal stature. We used both education and
income as measures for social status. As a measure of
child survival, we used the proportion of children surviving to 18 years. As proxies for the ability to attract mates,
we examined whether a woman was ever married and the
age when she married. Second, we provide a review of all
studies on the relationship between female height and
reproductive success that we could locate and against this
background we evaluated to what extent our ﬁndings
from a US population can be generalized. In this way we
aim to contribute to the understanding of the selection
pressures shaping the evolution of female height.
MATERIAL AND METHODS
Wisconsin longitudinal study
We used the Wisconsin longitudinal study (WLS), a
long-term study of a random sample of 10,317 men and
women, born primarily in 1939, who graduated from Wisconsin high schools in 1957 (Wollmering, 2006; http://
www.ssc.wisc.edu/wlsresearch/). Survey data on a wide
variety of topics were collected at several time points
(1957, 1964, 1975, 1992, and 2004), covering almost 50
years of the participants’ lives. The WLS sample is
broadly representative of White, non-Hispanic American
men and women who have completed at least a highschool education. Respondents are mainly of German,
English, Irish, Scandinavian, Polish, or Czech ancestry.
Approximately 66 percent of Americans aged 50–54 in
1990 and 1991 were non-Hispanic White persons who
completed at least 12 years of schooling. As about 75 percent of Wisconsin youth graduated from high school in the
late 1950s (Wollmering, 2006), our sample was biased toward well-educated people.
The key variables for this study were height, education,
income, number of children ever born, number of children
surviving to reproductive age (18 years), age at the birth
of the ﬁrst child, whether the respondent was ever being
married and age at ﬁrst marriage. Only biological children

were included in the offspring counts. We combined the
data from separate time points to maximize sample size.
Thus, when data for a certain variable were missing at
one time point, we used data from a different time point
for that variable, combining the data into one new variable. For height, education, the number of children ever
born and surviving to reproductive age, age at the birth of
the ﬁrst child, and ever being married we used data from
1992 and 2004. In 1992, all women were at least 52-years
old, and were thus unlikely to conceive more children.
Education was measured as ‘how many years of education
does the graduate have based on his or her highest
degree?’ (ranging from high school degree 5 12 years of
education to postdoctoral education 5 21 years of education). We combined data from 1975 and 1992 for age at ﬁrst
marriage. For income we used the 1974 data only (total
earnings in US$ last year), because inﬂation and career development make income more difﬁcult to compare across
decades.
Statistical analyses were performed using SPSS 16. To
examine the associations between height, education and
income, we used Pearson correlations. For the effects of
height on different measures of reproductive success
(number of children ever born, number of children surviving to 18 years, proportion of children surviving until
reproductive age, age at the birth of the ﬁrst child, ever
being married, and age at ﬁrst marriage) we used generalized linear models with the appropriate error distribution
(normal, Poisson, or binomial). To test for possible curvilinear effects of height, we included a squared term of
height in all models. All tests were two-tailed and the signiﬁcance level was set to a 5 0.05.
Previous research on the relationship between female
height and reproductive success
We searched for studies on the relationship between
female height and reproductive success using speciﬁc
search terms (female, height, stature, reproductive success, and number of children) in electronic databases
(PubMed and Web of Science) and by checking references
of relevant papers. Only studies in which the number of
live born children or the number of surviving children was
used as a measure of reproductive success were used.
Ideally, we would have carried out a meta-analysis but
unfortunately too few studies reported the required estimates of effect size necessary to conduct such an analysis.
For each study, we determined the power to detect the
effect of height on number of children, based on the N of
the study, a P level of 0.05, and a given effect size using
G*Power 3, version 3.1.2 (Faul et al., 2007). G*Power is a
ﬂexible statistical power analyses program for statistical
tests commonly used in social and behavioral research. The
effect size used in the power analysis was determined by
performing a linear regression on our data regressing number of children on height. Linear regression was used to
determine the effect size rather than the Poisson regression
applied in the present study, to facilitate comparison with
the few studies that performed a regression analysis.
RESULTS
Wisconsin longitudinal study
For 4,059 out of 5,326 women, height was available. The
descriptive statistics for these women and the sample size
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TABLE 1. Characteristics of the women from the Wisconsin Longitudinal Study for whom height was available

Height (cm)
Education (years)
Annual income in ‘74 ($)
Number of children ever born
Number of children surviving to 18
Age at ﬁrst marriage
Age at ﬁrst birth

Mean 6 SD

Minimum

Maximum

N

164.18 6 6.26
13.26 6 1.97
17,037 6 18,457
2.78 6 1.65
2.72 6 1.63
21.70 6 3.62
23.17 6 3.61

139.70
12
0
0
0
16
17

198.12
21
300,000
10
10
54
47

4,059
4,059
3,873
4,059
4,059
3,878
3,232

TABLE 2. Poisson regression parameter estimates (6 S.E.) of the effects of height (cm), education (years), and income in 1974 (US $) on number

of children ever born and number of children surviving to 18 years
Number of children ever born
Intercept
Height
Education
Income
N

2.40 (62.48 3 1021)
28.39 3 1023 (61.51 3 1023)
4,059

Number of children surviving to 18 years

2.77 (62.60 3 1021)
25.30 3 1023 (61.56 3 1023)
25.65 3 1022 (65.42 3 1023)
25.29 3 1025 (62.90 3 1026)
3,873

2.30 (62.50 3 1021)
27.92 3 1023 (61.52 3 1023)
4,059

2.65 (62.62 3 1021)
24.75 3 1023 (61.57 3 1023)*
25.58 3 1022 (65.47 3 1023)
25.26 3 1025 (62.93 3 1026)
3,873

All estimates signiﬁcant at the P < 0.001 level, except *P 5 0.0025.

available for all variables (and hence analyses) are summarized in Table 1. Poisson regression revealed that
height had a negative effect on number of children ever
born (Table 2; Fig. 1a). Thus, shorter women had more
live births than taller women. In contrast, logistic regressions revealed that there was a positive linear effect of
maternal height (in cm) on the proportion of children
surviving until 18 years [intercept 5 20.0751 (6 1.80),
P 5 0.967; B 5 0.0244 (6 0.0110); P 5 0.027; N 5 3,613].
To illustrate this ﬁnding we calculated that women one
standard deviation below average (157.92 cm) had 97.8%
surviving offspring whereas for women of average height
(164.18 cm) this was 98.1%. Thus, the relationships
between height and child survival and height and number
of ever born children are opposite, with the effect of height
being positive for child survival but negative for children
ever born.
The effect of female height on child survival was small
and hence the effect of height on number of children surviving to reproductive age (18 years) was still negative
(Table 2; Fig. 1a). Yet, as expected because of the positive
association between height and child survival the effect of
height on number of surviving children was smaller in
magnitude than the effect of height on number of children
ever born (Fig. 1a). In industrialized societies, infant and
child mortalities are low. In this study, 192 out of 3,613
(5.3%) mothers reported that at least one child had
deceased before the age of 18. Hence, there was a strong
correlation between number of children ever born and
number of children surviving to the age of eighteen years
old (r 5 0.98, N 5 3,613, P < 0.0001).
Height correlated positively with the age of the mother
at the birth of her ﬁrst child (log-transformed for normality; r 5 0.09; P < 0.0001; N 5 3,232), indicating that taller
women had their ﬁrst child at a later age. As women
rarely grow in stature after the birth of their ﬁrst child
(Allal et al., 2004), shorter women are perhaps shorter
because they have their ﬁrst child at a younger age, and
the negative association between height and reproductive
success might be a result of this trade-off between growth
and reproduction. Therefore, we reanalyzed the above
American Journal of Human Biology

relationships between height and number of (surviving)
children for women who had their ﬁrst child at an age of
21 and older, when ﬁnal stature has been reached. These
results were very similar [Poisson regression parameter
estimate (6 S.E.) for height; ever born children: B 5 0.00678 (6 0.00189); P < 0.001; N 5 2,479; surviving children: B 5 -0.00625 (6 0.00191); P 5 0.001; N 5 2,479].
We also investigated the association between height
and the ability to attract attract mates, namely being married and age at ﬁrst marriage. There was a trend that
women who never married (4%, 165 out of 4,053) were
slightly taller than ever married women (t test: t4051 5
1.68, P 5 0.09; Cohen’s D 5 0.13). In line with this trend,
we found that among married women age at ﬁrst marriage (log-transformed for normality) increased with
height (r 5 0.06; P < 0.001; N 5 3,878). The negative relationship between height and reproductive success in married women with at least one child, although attenuated,
was still signiﬁcant after controlling for age at ﬁrst marriage and age at ﬁrst birth [both log-transformed; Poisson
regression parameter estimate (6 S.E.) for height;
ever born children: B 5 -0.00374 (6 0.00161); P 5 0.020;
N 5 3,216; surviving children: B 5 -0.00335 (6 0.00162);
P 5 0.039; N 5 3,216].
We repeated the above analyses while including the
variables education and income. Height was signiﬁcantly
correlated with both education (Fig. 1b; r 5 0.08, N 5
4,059, P < 0.0001) and income (Fig. 1c; r 5 0.05, N 5
3,873, P < 0.001), but accounted for <1% of the variation
in both variables. Although education and income both
had a negative effect on the number of children ever born
and the number of children surviving to reproductive age,
the negative effect of height remained signiﬁcant (Table
2). To compare the effects of height, education and income,
we calculated the decrease in number of children when
increasing the trait with one standard deviation. Increasing one standard deviation in height reduced the number
of ever born children by 3.3%, for education this was
10.7% and for income 20.2%. Thus, the effect of height
was approximately three times weaker than the effect of
education and about six times weaker than the effect of
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(see Supporting Information S-Tables 1 and 2 for parameter estimates in low income, high income, low education,
and high education mothers).
The effect of height on the proportion of surviving children, age at ﬁrst marriage, and age at the birth of the ﬁrst
child remained signiﬁcant when controlling for education
and income. Furthermore, no signiﬁcant quadratic effects
were found (see Supporting Information S-Tables 3–7 for
parameter estimates of the effects of height, height2, education, and income on all dependent variables).
Previous research on the relationship between female
height and reproductive success

Fig. 1. The effect of height on (a) the number of children surviving
to 18 (with Poisson regression lines), (b) the number of years of education, and (c) annual income (US $) in 1974 binned by inch of height
(mean 6 S.E.). Given that height was measured in inches, we binned
data using this unit of measurement (which was converted into cm).
Bins below 59 in. and above 71 in. were collapsed.

income. Similarly, for the number of children surviving to
the age of 18; increasing one standard deviation in height
reduced the number of surviving children by 2.9%, for
education this was 10.6% and for income 20.1%. Thus,
again the effect of height was approximately three times
weaker than the effect of education and about seven times
weaker than the effect of income. No signiﬁcant interactions between height, education and income were found

We identiﬁed 20 scientiﬁc publications reporting the
relationship between height and reproductive success
measured as number of live born or living children, of
which one article included data on two different populations (Kirchengast and Winkler, 1996). Including the
present study this brings the total to 22 studies (Table 3).
A variety of effects of female height on reproductive
success were reported, including positive (N 5 3), negative
(N 5 10; including the present study), null (N 5 7), and
curvilinear effects (N 5 2).
In part, this variation in results may be due to methodological factors, such as differences in sampling procedure
(for instance including only parous women or including
women who have not yet reached the end of their reproductive careers), differences in sample size (and hence statistical power), or differences in the number of predictor
variables considered in the statistical analysis (which also
affects statistical power). To examine the effect of differences in sample size, we determined for each study the
power to detect the effect of height on reproductive success, based on the N of the study, a P level of 0.05, and an
effect size of r 5 0.09 (Table 3). The latter was taken from
a linear regression of number of ever born children on
height using the data from the present study. We used
ever born children as outcome measure as more studies in
our review used this measure rather than the number of
surviving children (linear regression of number of surviving children on height resulted in an r of -0.08). The choice
of this effect size, at least for Western populations seems
justiﬁed, as one of the few studies that reports an effect
size of height on lifetime reproductive success was very
similar to ours (r 5 20.083; Byars et al., 2010). Given
these parameters, an N of 966 was needed to obtain a
power of 0.80. The fact that the required sample size is so
large is mainly due to the low effect size of the relationship we study (low, but not uncommon; Kingsolver et al.,
2001). The seven studies that did not ﬁnd any relationship
all had a power smaller than 0.6 to detect r 5 0.09. The
power decreases even further when samples use wide age
ranges (e.g., Mueller et al., 1981), only parous women
(e.g., Nenko and Jasienska, 2009) or different ethnicities
(e.g., Scott and Bajema, 1982). We will not consider these
null ﬁndings any further.
Results from Western samples were very similar to each
other: every study that found a signiﬁcant effect, reported
a negative association between height and reproductive
success (N 5 5). More variation was found among the nonWestern samples; positive (N 5 3), curvilinear (N 5 2) as
well as negative (N 5 5) effects were reported. Brush et al.
(1983) found a curvilinear effect of height on the number
of children. However, the peak of the curvilinear effect
American Journal of Human Biology

American Journal of Human Biology

Western populations

Non-Western
populations
Pakistani women (at least one child)
Mexican women who have lived in US
Mexican women in Mexico or US
Malnourished Guatemalan Indian
women (at least one child)
Papua New Guinean Women
Undernourished population of Jalaris, India
!Kung san women from Namibia
Kavango women from Namibia
!Kung san women from Namibia
Farming community in rural Gambia
(at least one child)
Women from stressed environment in
rural Guatemala
Chinese women

Shami and Tahir (1979)
Lasker and Thomas (1976)
Mueller et al. (1981)

Martorell et al. (1981)

Kirchengast and Winkler (1996)
Kirchengast and Winkler (1996)
Kirchengast (2000)
Sear et al. (2004)

Fielding et al. (2008)

White women from UK, US, Canada,
and Australia
Finnish women

Participants from the Framingham
Heart study
Rural women from Poland (at least one child)

Deady and Law Smith (2006)

Byars et al. (2009)

Nenko and Jasienska (2009)

Helle (2008)

Nettle (2002)

Bailey and Garn (1979)
Scott and Bajema (1982)

Women from European descent from
Michigan, US
White females from 10 different states in US
Females who attended public schools
in Boston, US
Children born in UK in a certain week in 1958

Clark and Spuhler (1959)

Pollet and Nettle (2008)

Brush et al. (1983)
Devi et al. (1985)

Families (at least one child) from a
Malnourished population in Colombia

Sample

Mueller (1979)

Study

328

2,227

271

315

3,554

1,261
600

324

6709

2571

93
85
65
216

152
291

380

827
147
121

349

N

21–85

Postmenopausal

>55

>45

42

45–65
650–55

20–70

>50

18–35

18–65
18–60
25–40
>50

21–44
23–55

15–47

?
>25
16–85

<29–651

Age

Occupational class
Social class father
Age
Parental income
Education
Birth cohort
Area
Height2
Education
Whether native born
Whether smoker
Medicine use
Age

Income
Income

Age
Age2
Ethnicity
Education
Age
Education
Parental possessions

Age

Age
Age
Number of
conceptions
Age
Age

Age
Age
Age2
Residence
Age

Age
Age2
SES
SES2

Control factors

TABLE 3. Studies on the association between female height and reproductive success

–

III

–

–

NegativeI,II

NoIII

No

I

–

–

NegativeII,r
Negative

–
–

II,o

Negative
NoII,q

–

NoII,n

p

–m

Negativek

PositiveI,j

NegativeI,l

Negativef
Negativef
Negativeh
Negativei

Positivee
NegativeI,II
NegativeI,II,g
NegativeI,II
PositiveI,II

Curvilinear
NegativeI,II

Negatived

PositiveI,II,c
I,II

-

-

Height effect on
child mort.

CurvilinearI,II,b
NoII
NoI

No

I,a

Height effect on
repr. success

0.37

0.99

0.32

0.36

>0.99

0.89
0.60

0.37

>0.99

>0.99

0.14
0.13
0.11
0.26

0.20
0.34

0.42

0.74
0.19
0.17

0.39
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N indicates sample size. The power is the probability of detecting the effect size estimated by our analyses (r 5 0.09) at a signiﬁcance level of a 5 0.05 given the sample size N (see text for further explanation).
I
Dependent variable: number of surviving children.
II
Dependent variable: number of children ever born.
III
Unknown whether surviving or ever born children wad used as dependent variable.
a
Instead of height, these authors used a composite measure of many bone measurements. Height was not a strong determinant of this composite measure.
b
The authors divided height into several height classes and found that the number of children (both surviving and ever born) was signiﬁcantly higher in the average height classes (combined) compared to the other
height classes.
c
The authors report a negative relationship between height and ever born children, although this relationship was not signiﬁcant.
d
As dependent variables, both number of deceased children and child mortality were used.
e
The dependent variable was number of post-natal deaths.
f
The authors found a negative correlation between height and number of deceased children.
g
The negative relationship between height and number of live births was signiﬁcant, the relationship with number of surviving children only marginally signiﬁcant.
h
A comparison between heights of mother with 0, 1–3, or 4 or more dead children was not signiﬁcant. However, a clear graph of the negative correlation between height and number of deceased children was provided.
i
Child mortality was the dependent variable.
j
The optimum of the curvilinear effect reported by Pollet and Nettle (2008) reported was nearly two standard deviations above average. Thus, for the normal range of  2 standard deviations, the relationship between
height and reproductive success was positive.
k
Proportion of surviving children was used as dependent variable. Similar as above, the optimum was nearly two standard deviation above average.
l
The effect disappeared after controlling for education and parental possessions.
m
Shorter women had a higher risk for miscarriage.
n
Mitton (1975) reanalyzed this sample only incorporating women older than 40. No effects of height were found.
o
Taller women had fewer children than shorter women (t test comparison between short and tall height group).
p
Short women (<15th percentile) had more stillborn children than tall women (>85th percentile), although this difference was not statistically signiﬁcant.
q
Childless women were shorter. However, ethnicity was not controlled for.
r
Nettle (2002) reported a curvilinear effect. However, the optimum was nearly two standard deviations below average. Thus, for the normal range of  2 standard deviations, the relationship between height and reproductive success was negative.

>0.99
Negative
NegativeI,II
Education
Income
White women from Wisconsin
This study

4,059

>63

Height effect on
child mort.
Height effect on
repr. success
Control factors
Age
N
Sample
Study

TABLE 3. (Continued)

Power
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could not be established as appropriate estimates or
graphs were not given. This peak could thus have been either to the left or the right of the height distribution,
which would substantially alter the interpretation of the
results.
Given the variety in results found in non-Western samples, and the fact that these effects were found using substantially smaller samples, for such samples the use of
our low effect size and power calculations based on this
estimate (r 5 0.09) may not be fully justiﬁed. Therefore,
we determined the effect size of one of the non-Western
studies that was most comparable to our study (using
postreproductive women; Sear et al., 2004), and for which
appropriate information was available. We found an effect
size of r 5 0.16 for the relationship between height and
the number of ever born children, which was substantially
higher than our effect size and in the opposite direction.
Given these parameters, an N of 304 was needed to obtain
a power of 0.80. Two of the three non-Western studies that
did not ﬁnd an effect had a power lower than 0.5 to detect
this effect size.
DISCUSSION
We found a negative relationship between female height
and reproductive success, measured as the number of children ever born. A better measure of reproductive success
also incorporates child survival to reproductive age.
Although a positive relationship between height and child
survival was found, this effect was not very strong and
shorter women still had more children that survived to
age 18 than taller women. Thus, the increased number of
children ever born translated into higher reproductive
success for shorter women despite the decreased child survival these shorter women experienced.
Given that height is related to education (Cavelaars
et al., 2000; Silventoinen et al., 1999), and that our sample
consisted of female high-school graduates, the observed
relationship between height and reproductive success
may have been biased. Our review of studies on the relationship between female height and reproductive success,
however (Table 3), conﬁrmed our ﬁnding that across Western populations female height is negatively associated
with reproductive success, as ﬁve out of nine studies documented a similar negative effect. The four remaining studies in Western populations found no effect of height, which
was likely due to small sample size and hence low statistical power to detect an effect of the magnitude we found in
our study.
In non-Western populations the relationship between
height and reproductive success was more variable. There
can be different causes for this variation. One possibility
is that there is true variation in selection pressures
between populations and over time, which in itself is not
unusual (Siepielski et al., 2009). Alternatively, but not
mutually exclusive, conclusions across studies may differ
for methodological reasons, such as low statistical power
(see above) or differences in sampling procedure (e.g.,
including young women who have likely not ended their
reproductive careers). The variation in the non-Western
populations can also partly be explained by the relationship between female height and child survival. In line
with previous ﬁndings on the relationship between female
stature and child mortality (42 developing countries: Monden and Smits, 2009; 54 low- to middle-income countries:
American Journal of Human Biology
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Özaltin et al., 2010; but see Devi et al., 1985), we found
that female height is consistently negatively related to
child mortality in non-Western populations (with one
exception: Devi et al., 1985). Even in our Western sample,
female height was negatively associated with child mortality. In an environment with few resources height might
be a reﬂection of health, nutritional status, and greater
access to resources (Sear et al., 2004; Silventoinen, 2003),
all of which have a positive inﬂuence on the survival of
children. If child mortality is high, the positive relationship between female height and child survival will result
in more surviving offspring, and potentially in more reproductive success for taller women. Indeed, in all studies
that found a positive association between height and the
number of surviving children, maternal height was positively associated with child survival. Thus, we conclude
that the positive association between height and reproductive success in non-Western populations can be explained
by the increased survival probability of offspring from
taller women (Martorell et al., 1981).
Although the number of live births is a potentially biased measure, because of potential underreporting of
deceased children (Sear et al., 2004) and not incorporating
abortions in early prenatal development (Frisancho et al.,
1973), most studies in which such data are available show
that shorter women have more live births (this study,
Devi et al., 1985; Martorell et al., 1981; but see Sear et al.,
2004). The increased number of live births by shorter
women might be a strategy to compensate for future or
past child loss (e.g., a quantity–quality trade-off; Borgerhoff Mulder, 2000).
A possible mechanism through which the negative relationship between height and reproductive success in Western populations can arise, is the positive relationship
between height and social status. In line with previous
research, we found that education and income, both measures of social status, had a negative effect on female reproductive success (reviewed by Hopcroft, 2006; Nettle and
Pollet, 2008). Moreover, the effects of education and
income were substantially larger than the effect of height
(about three and six times larger, respectively). While we
found that height was positively associated to both education and income (in line with Cavelaars et al., 2000; Judge
and Cable 2004; Silventoinen et al., 1999), the relationship between height and reproductive success was independent of these measures. Thus, the negative relationship between height and reproductive success among
women from Western societies cannot be explained by the
relationship between height and social status. This ﬁnding was in agreement with most studies from Western
populations that included measures of social status, and
still found a negative effect of height on reproductive success. As previously discussed, social status (or greater
access to resources) could be positively associated with
reproductive success in environments with few resources,
and the association between height and social status in
these populations could then translate into higher reproductive success for taller women. Unfortunately, only a
minority of studies (3 out of 13 studies in non-Western
populations) report on measures of social status, making
it difﬁcult to systematically review how the relationship
between social status and height affects reproductive success crossculturally.
Another possible explanation for why taller women
have fewer children is the trade-off women face between
American Journal of Human Biology

investing energy in growth or reproduction (Stearns,
1992). Taller women become fertile at a later age than
shorter women (Okasha et al., 2001) and women who
invest energy in reproduction at an early age (e.g., early
menarche or child birth) reach a shorter adult height
(Helle, 2008). We also found that taller women had their
ﬁrst child at a later age, which is in line with previous
research (Allal et al., 2004; Pollet and Nettle, 2008; Sear
et al., 2004). However, in our Wisconsin sample, the relationship between female height and reproductive success
persisted after controlling for the age at the birth of the
ﬁrst child. Additionally, we found that height negatively
predicted the number of children in women who already
reached their ﬁnal adult height. Hence, there must be
additional mechanisms causing the pattern between
height and reproductive success.
The positive association between height and age at
menarche is in line with life-history theory, but seems restricted to Western populations (McIntyre and Kacerosky,
2011). A recent meta-analysis showed that the association
was reversed in small-scale societies; taller women had
menarche at an earlier age (McIntyre and Kacerosky,
2011). The rationale for this association is that women
grow toward an appropriate skeletal status before reproduction can be initiated (Ellison, 1982). This ﬁnding may
also partly explain the difference in ﬁndings on the association between height and reproductive success between
Western and non-Western societies. Whereas in Western
societies shorter women can reproduce at an earlier age
than taller women, in non-Western societies the reverse is
true. Thus, the positive association between height and
reproductive success observed in non-Western populations
may be explained by the earlier sexual maturity of taller
women in these populations.
The ability to attract mates is another possible mechanism through which the increased reproductive success of
shorter women can arise, if shorter women would have an
advantage in ﬁnding a partner. Consistent with the ﬁnding that taller women receive fewer responses from men
on newspaper advertisements (Pawlowski and Koziel,
2002), we found that non-married women tended to be
taller than ever married women and that shorter women
married at a younger age, suggesting that shorter women
are indeed better able to attract mates. Women who were
married and women who married at an earlier age had
higher reproductive success, thus partly explaining the
observed negative relationship between height and reproductive success. The reason why shorter women seem to
be favored in our sample is not entirely clear, although a
potential functional explanation is that shorter women
are sexually mature at an earlier age and actually achieve
more live births than taller women (Nettle, 2002). Our
result that height is negatively related to the ability to
attract mates is different from ﬁndings on mate preference studies, which indicate that average height women
are considered most attractive (reviewed in Courtiol et al.,
2010). This discrepancy may be explained by the fact that
lab-based preferences may not necessarily reﬂect actual
mate choice (Riebel et al., 2010; Todd et al., 2007). For
instance, other, potentially far more important characteristics (such as kindness, personality or ethnicity) play a
role in choosing a mate, obscuring the preferences for
height. Similarly, mutual mate choice may result in ending up with a less than preferred partner. A second reason
for the discrepancy is the interpretation of marriage
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patterns to reﬂect the ability to attract mates. The
younger age at marriage of shorter women may equally
well mean that these women are less critical in accepting
a partner.
Regardless of the mechanism causing the higher reproductive success of shorter women, our ﬁndings suggest
that in particular in Western populations there is a selection pressure on women favoring lower height. Moreover,
the contrast with non-Western populations suggests that
this may be a relatively recent development. Whether this
will lead to shorter height in the future is uncertain however (but see Byars et al., 2010 for a quantitative prediction for a speciﬁc population). First, in addition to the
selection pressure on female height within cohorts, as we
identiﬁed here, there is a secular trend that height
increases (Silventoinen, 2003). Second, because offspring
height is determined by the genes they inherit from both
their parents (Silventoinen, 2003), the selection pressure
on height in males also plays a role. We recently showed
that average height men obtained higher reproductive
success than either taller or shorter men (Stulp et al., in
press). Thus, predictions on how height will evolve in the
future should be based on the integration of the selection
pressures acting on height in both sexes, and these predictions likely differ from predictions based on either sex in
isolation.
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