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Abstract Some studies have reported that birth size is a risk
factor for breast cancer, but the reasons for this observation are
unknown. Ovarian hormone concentrations may be a link be-
tween birth size and breast cancer, but the few tests of this
hypothesis are inconsistent, perhaps because of differences in
sample composition, inclusion of anovulatory cycles, or use of
one hormonal measurement per woman. We present results
from the first study to use daily hormonal measurements
throughout a woman’s complete ovulatory cycle to test the
hypothesized relationship between birth size and adult proges-
terone concentrations. We used a study sample and accompa-
nying data set previously obtained for another research project
in which we had collected daily urine samples from 63 healthy
premenopausal women throughout a menstrual cycle. Multi-
variate regression was used to test for trends of individual
progesterone indices (from 55 ovulatory cycles) with birth
weight or ponderal index, while controlling for age, adult
BMI, and age at menarche. Our main finding was that neither
birth weight nor ponderal index was associated with biologi-
cally significant variation in luteal progesterone indices; the

best-estimated effect sizes of birth size on these progesterone
indices were small (3.7–10.2%). BMI was the only significant
predictor of mean peak urinary progesterone, but it explained
<6% of the variance. Our findings, in light of what is currently
known regarding associations of breast cancer risk with birth
size and adult size, suggest that environmental factors (partic-
ularly those that vary by socioeconomic status and affect
growth) may underlie associations between birth size and can-
cer risks without there being any association of birth size with
adult ovarian hormone concentrations.

Background

Several studies have reported a positive association between a
woman’s birth weight and her risk of breast cancer later in life
[1–9]. Although the specific reasons for this association remain
unknown, ovarian hormones (estrogens and progesterone) are
thought likely to be involved because of their proliferative ef-
fect on cell division in breast tissue [10], and the finding that
concentrations of some (though not all) ovarian hormones are
risk factors for breast cancer ([11] and references therein). It has
therefore been expected that birth weight would be predictive
of adult ovarian hormone concentrations [12].

Results from the few published tests of this latter hypothe-
sis are inconsistent, perhaps because of study differences in
sample composition and analytical approaches. For example,
adult salivary estradiol concentrations were positively associ-
ated with ponderal index (PI, birth weight/birth length3) at
birth in Polish women [13, 14], but these samples included
individuals of very low birth weight (defined as <1500 g) [15]
and/or who had been small for gestational age (defined as a PI
of <20 kg/m3) [16] and therefore may have had developmental
problems that could have confounded the analyses. In a sam-
ple of Norwegian women of normal birth weights, salivary

Krista M. Milich and Caroline Deimel contributed equally to this work.

* Virginia J. Vitzthum
vitzthum@indiana.edu

1 The Kinsey Institute for Research in Sex, Gender and Reproduction,
Indiana University, Morrison Hall 313, 1165 East Third Street,
Bloomington, IN 47405, USA

2 Department of Anthropology, Indiana University,
Bloomington, USA

3 Department of Primatology, Max Planck Institute for Evolutionary
Anthropology, Leipzig, Germany

4 Department of Astronomy and Center for Spacetime Symmetries,
Indiana University, Bloomington, USA

HORM CANC (2015) 6:182–188
DOI 10.1007/s12672-015-0221-6



estradiol concentration was negatively associated with birth
weight [17], contrary to what would be expected if breast
cancer risk rises with increasing estrogen concentrations.
Tworoger et al. [18] found no relationships between birth
weight and follicular or luteal estrogens or progesterone con-
centrations in participants in the Nurses’Health Study II in the
USA. But this study relied on only a single measurement of
hormones during each cycle phase which, as the authors not-
ed, may have been an inadequate proxy for total hormone
production because of the high day-to-day variability in hor-
mone concentrations during a single ovarian cycle for a given
woman [19, 20].

An adequate evaluation of the relationship between hy-
pothesized predictor variables and ovarian steroid concentra-
tions in premenopausal women requires studies using frequent
hormone measurements throughout the menstrual cycle [21,
22]. Although adult body size is positively associated with
ovarian steroid concentrations [22], the putative relationship
between birth weight and adult progesterone concentrations
has yet to be evaluated with an estimate of total hormone
production that is based on multiple measurements made dur-
ing the entire luteal phase. To the best of our knowledge, the
study presented here is the first to address this need.

Using a study sample and accompanying data set previous-
ly obtained for another research project, we tested the hypoth-
esis that birth size is predictive of adult progesterone concen-
tration using daily urinary hormone measurements throughout
a complete ovulatory cycle from each study participant. Al-
though data were not available for other hormones, and the
sample size wasmodest, the very high sampling density yields
both a more accurate estimate of total progesterone production
during the entire luteal phase and better identification of an-
ovulatory cycles. Study participants met strict exclusion
criteria for health and birth weight.

A positive association between birth weight and indices of
luteal-phase progesterone concentration in our study sample
would tend to support the arguments that birth weight is a mark-
er of processes that influence adult ovarian steroid concentra-
tions and breast cancer risk. Alternatively, absence of an associ-
ation would be consistent with the findings of Yang et al. [23]
who recently reported that although adult height and birth
weight are highly correlated, adult height but not birth weight
was associatedwith breast cancer risk in a largeUK cohort study
that had controlled for a number of known risk factors but which
had not included any hormonal measurements.

Methods

Study sample and data collection

All study protocols were approved by the Institutional Review
Board at Indiana University, and all participants gave written

informed consent. Healthy participants (n=63) were recruited
from Leipzig, Göttingen, Potsdam, and Hannover, Germany,
during 2008 through posted notices and by word of mouth.
These women were premenopausal, had not used hormonal
contraception for at least 3 months prior to study, had never
had any hormonal medical treatments, were not following any
special dietary practices or physical training regimens, and
were not trying to become pregnant. All women had been
full-term babies with a birth weight of at least 2350 g.

For each participant, body weight and height were mea-
sured, measurements at birth were copied from written re-
cords, and reproductive history was recorded during a private
interview at the laboratory. Women were instructed in sample
collection and record keeping and given the necessary mate-
rials. Daily urine collection began the first morning after vag-
inal bleeding started and continued through at least the first
day of vaginal bleeding of the subsequent cycle. First morning
urine was self-collected, pipetted into polypropylene 2-ml
cryovials, and stored frozen (≤−5 °C) at home until the com-
pletion of sampling, at which time the box of samples was
transported in an insulated box with ice packs to the laboratory
where they were stored at −20 °C until assayed.

Hormone assays

Urine samples were assayed for pregnanediol glucuronide
(PdG), the principal urinary metabolite of progesterone. We
measured immunoreactive PdG in urine samples with a direct
microtiter plate enzyme immunoassay using the streptavidin-
biotin technique [24]. We used an antiserum raised in a rabbit
against pregnanediol-3-glucuronide-BSA and biotinylated
PdG as a label as previously described in detail by
Heistermann et al. [25]. With PdG as a standard (100 %),
the antibody showed the following cross-reactivities: 20α-
hydroxyprogesterone 32 %, pregnanediol 22 %, 5α-
pregnane-20α-ol-3-one 14 %, progesterone 0.5 %, and <0.1
% for all other steroids tested (including cortisol). Inter-assay
coefficients of variation were 11.7 and 11.4 % for high- and
low-value quality controls respectively. Intra-assay coeffi-
cients of variation were 10.1 and 7.8 % for high- and low-
value quality controls respectively. PdG concentrations stan-
dardized by either creatinine [Cr] or specific gravity gave
qualitatively comparable results in our statistical analyses;
therefore, only analyses of Cr-standardized measurements
(expressed as ng PdG/mg Cr) are presented here.

Analyses

For each woman’s cycle, serial Cr-standardized PdG values
were aligned on the first day of the subsequent cycle (=day0).
The timing of ovulation was determined by a sustained rise in
PdG of 2 standard deviations above the mean of the previous
three to five values (following Deschner et al. [26]). PdG
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indices were defined as (∫ of PdG from dayx to dayy)/(dayy−
dayx), where x to y is any span of days and PdG at any time is
defined by linear interpolation of the observed PdG measure-
ments [27,28]. Defined indices in our analyses were mean-
luteal-PdG (x=day of ovulation−0.5, y=−0.5), mean-peak-
PdG (x=day of peak luteal PdG−2.5, y=day of peak luteal
PdG+2.5) and mean-follicular-PdG (x=first observation+2,
y=day of ovulation−1.5). Cycles in which (mean-luteal-
PdG)<2(mean-follicular-PdG) were designated anovulatory
and excluded (n=5), as were 2 cycles of unusual length (>47
days). Birth weight was missing for 1 woman. The final ana-
lytical sample comprised 55 women, each with 1 complete
ovulatory cycle. Table 1 presents descriptive statistics for this
analytical sample.

Ponderal index was calculated from size [m] and weight
[kg] at birth using the formula PI=weight[kg]/size[m]

3.
Ponderal index, also called Rohrer’s index, has been used as
an indicator for Bfatness^ or Bthinness^ in newborns and in-
fants because, unlike body mass index (weight/height2), it is
independent of height and age in the study population [29,30].
It has been shown that ponderal index provides a valuable and
meaningful parameter for assessing fetal condition and nutri-
tion in newborn infants [31–33].

Multivariate linear regression was used to test for trends of
both luteal PdG indices with size at birth (birth weight and PI),
while controlling for the potential confounders age, BMI, and
age at menarche (some similar prior studies have used step-
wise linear regression, but we did not because of problems
with that approach; see Mundry and Nunn [34]). Analyses
were done with SPSS (v. 21); significance was set at p≤
0.05. Variables were checked for normality with the Sha-
piro-Wilk test. Those variables not normally distributed
were transformed (BMI=1/x2, age=1/x2, and PI=x3) to
meet this assumption of linear regression. Each indepen-
dent variable was then centered at its sample mean. To
mitigate the risk of spurious associations (see Holländer
et al. [35] and additional discussion below), our statis-
tical analyses did not presume arbitrarily selected bins
(thresholds, cutoffs) for any continuous predictor
(independent) variables.

Results

Table 2 presents results of the four regression models (mean-
peak-PdG regressed on either birth weight or PI3, and mean-
luteal-PdG regressed on either birth weight or PI3). Mean-peak-
PdG was not associated with birth weight (model 1A: F(4,50)=
1.158, p=0.341, R2=0.085, Fig. 1) or PI3 (model 1B: F(4,50)=
1.258, p=0.299, R2=0.091). Similarly, mean-luteal-PdG was
not associated with birth weight (model 2A: F(4,50)=0.746,
p=0.565, R2=0.056) or PI3 (model 2B: F(4,50)=0.842, p=
0.505, R2=0.063). Each of these models explained <10 % of
the variance in the PdG index. The best-estimated effect sizes of
birth size on PdG indices were also small (standardized β=
0.061, −0.102, 0.037, and −0.091 for models 1A, 1B, 2A,
and 2B respectively, i.e., for example, in model 1A, a 1-
standard-deviation change in birth weight was associated with
only a 0.061-standard-deviation increase in mean-peak-PdG).

The only significant predictor variable was 1/BMI2 in
models 1A and 1B: as BMI increased (hence 1/BMI2 de-
creased), mean-peak-PdG decreased. The effect sizes for
1/BMI2 in the four models were all very similar (standardized
β ranging from 0.241 to 0.306). For mean-peak-PdG, these
effects just reached significance (p=0.045 and 0.047 for
models 1A and 1B respectively), while for mean-luteal-PdG,
these effects were not significant. However, 1/BMI2 explained
less than 6 % of the variance in mean-peak-PdG. In other
words, these effects, while statistically significant, are biolog-
ically minor. For all the other predictor variables (con-
founders), the best-estimated effect sizes were small (stan-
dardized β<∼0.1 in magnitude) and non-significant.

Discussion

Our main result was that neither birth weight nor ponderal
index was associated with biologically significant variation in
either of our luteal progesterone indices. That is, these data and
analyses do not support the hypothesis of an association be-
tween birth size and progesterone concentration in premeno-
pausal women. Our findings, based on daily measurements of

Table 1 Descriptive statistics for predictor and outcome variables

Min Max Mean Median Std. dev

Birth weight (grams) 2350 4300 3300 3320 447

Birth ponderal index (kg/m3) 15.4 31.3 25.2 25.6 3.1

Age at time of study (years) 22.3 40.6 29.9 29.0 4.9

Adult height (cm) 155.3 176.1 167.0 167.0 5.1

Adult weight (kg) 48.4 87.0 63.0 63.6 8.2

Adult BMI (kg/m2) 19.0 28.3 22.5 22.0 2.4

Age at menarche (years) 9.9 17.5 13.4 13.3 1.5

Mean-peak-PdG (ng PdG/mg Cr) 1500 9928 4966 4948 1872
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urinary PdG throughout an ovulatory cycle, confirm those of
Tworoger et al. [18], which were based on only a single luteal-
phase measurement of serum progesterone, and are also con-
sistent with Yang et al. [23], who found that birth weight alone
was not associated with breast cancer risk in a large UK sample.

Unlike previous studies, we did not divide continuous var-
iables into discrete categories for analysis. Holländer et al.
[35] argue that binning (i.e., dividing a continuous variable
into discrete categories based on, for example, percentiles) can
make cross-study comparisons difficult because the cutoff
points cannot be replicated across different studies. Further-
more, creating categories assumes a flat relationship between
predictor and response variables within categories and a dis-
continuity in the response as boundaries between intervals are
crossed [36]. Because different cutoffs can produce different
results and multiple interpretations of the same data, studies
are susceptible to arbitrary and manipulative data processing
[37,38]. For these reasons, we did not bin our data.

In addition, we excluded anovulatory cycles from our anal-
yses because these cycles lack a post-ovulatory rise in proges-
terone (which in ovulatory cycles is produced by the corpus
luteum that develops from the ruptured follicle after ovula-
tion). Without ovulation, there is no luteal phase (i.e.,
Bluteal-phase progesterone concentration^ is not a biological-
ly meaningful measurement for an anovulatory cycle). The
inclusion of anovulatory cycles in analyses biases the
sample-mean progesterone concentration downwards by an
amount which (depending on the fraction of these cycles in
the sample) varies from one study sample to another. For
example, exclusion of anovulatory cycles increased the sam-
ple’s mean peak-progesterone index by 58 % in a sample of
poorer Bolivian women but had little effect on hormone indi-
ces in samples of better-off Bolivian or Chicago women, in
whom anovulatory cycles were much rarer [27]. Inclusion of

anovulatory cycles would have given the impression that luteal-
phase progesterone was dramatically lower in the poorer
Bolivians, but in fact, the anovulatory rate was much higher
and luteal-phase progesterone was only modestly (but nonethe-
less, significantly) lower than that of the better-off Bolivians
[27]. Therefore, because inclusion of anovulatory cycles intro-
duces a non-random source of inter-individual and inter-sample
hormonal variation that can result in erroneous conclusions
about the associations of hormone concentrations with other
variables, we excluded all anovulatory cycles from our regres-
sion analyses.

Our study only included healthy women who were full-
term healthy newborns. Low birth weight and preterm birth
are associated with a variety of adult pathologies [39–41] that
could confound analyses of hypothesized associations be-
tween birth size and adult hormone concentrations. For exam-
ple, the study samples of Polish women [13,14] included
women who had had very low birth weights and/or low PIs
(indicative of being small for gestational age). In one analysis,
the first birth weight quartile of that study sample is 1300–
3000 g with a mean of 2599 g, indicating that a significant
portion of the infants in this quartile were low birth weight
(<2500 g) or very low birth weight (<1500 g) [15]. Similarly,
the low PI tertiles in both analytical samples [13,14] each had
average PIs (17.7 and 18.1 kg/m3 respectively) below the
usual threshold (20 kg/m3) for considering a newborn to be
small for gestational age [16]. In one of several analyses, they
found that women in the lowest birth weight quartile had
lower estradiol than women from the other three quartiles
[13]. This observation may be informative about the links
between early life pathology and adult dysfunction [39–41],
but it does not address whether increasing birth weight within
a population of normal weight healthy newborns is positively
associated with higher adult ovarian hormones.

In our study, we found a positive relationship between
1/BMI2 and PdG (indicating a negative association between
BMI and urinary progesterone concentrations) in premeno-
pausal women, but this variable explained <6 % of the vari-
ance of mean-peak-PdG. Other studies of premenopausal
women have also found inverse associations between repro-
ductive hormone concentrations and BMI [11,18,42].
Potischman et al. [42] reported a trend towards lower concen-
trations of estradiol associated with increasing BMI among
premenopausal women, but this was not significant (p=
0.11); Tworoger et al. [18] found adult BMI was inversely
associated with total estradiol concentrations (p<0.001).

In sum, there have been inconsistent findings on the rela-
tionships between birth weight, hormones, and breast cancer.
As reviewed by Hankinson and Eliassen [21], many studies
have reported a positive association between birth weight and
breast cancer risk [1–9], but others have failed to find a sig-
nificant relationship [23,43–45]. It has been argued that repro-
ductive hormones may be one mechanism underlying an

Fig. 1 Scatterplot of mean-peak-PdG and birth weight. Each dot
represents one of the research subjects and is plotted according to their
birth weight on the x-axis and their mean-peak-PdG on the y-axis
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association between birth weight and breast cancer. However,
published tests of this hypothesis are at odds, perhaps because
of methodological features that are better avoided in future
studies. Notably, women born prematurely or of low or very
low birth weight should be treated as separate samples or as
outliers, and should not be included in samples of women who
were full-term healthy newborns. Frequent sampling of bio-
markers throughout the ovulatory cycle should be used to
assess hormone concentrations and to evaluate the occurrence
and timing of ovulation. Anovulatory cycles should be detect-
ed and treated as a distinct subsample (to be excluded in most
analyses). Binning continuous variables should be avoided, as
it introduces an element of arbitrariness into statistical analysis
[35–38] and reduces statistical power.

It remains unknown whether or not birth weight is in fact a
marker of processes that themselves affect adult breast cancer
risks. Having controlled for adult height, Yang et al. [23] re-
ported no association between birth weight and adult breast
cancer risk. However, they did find strong and highly signif-
icant (p<0.0001) associations between adult height and breast
cancer risk, and argued that environmental determinants of
growth may be important in understanding adult cancer risk.

Collectively, the results from Tworoger et al. [18], Yang
et al. [23], and our study suggest that adult progesterone con-
centrations do not underlie any reported associations between
birth weight and breast cancer risk. Birth weight is amply dem-
onstrated to be positively associatedwith various socioeconom-
ic variables [46]. Breast cancer risk and survival [47–49] and
adult ovarian hormone concentrations [27] are also associated
with markers of socioeconomic conditions, but these are not
necessarily the same socioeconomic variables that are associat-
ed with birth weight. Thus, environmental factors, particularly
those that vary by socioeconomic status and affect growth, may
underlie the apparent positive associations between birth
weight and cancer risks observed in some, but not all, studies
without there being any substantial association of birth weight
with adult ovarian hormone concentrations.

Acknowledgments We would like to thank the participants for being
involved with this study, the assistants who helped with data collection
and entry, and the Max Planck Institute for Evolutionary Anthropology
(MPI-EVA) for facilities and logistical support. Financial support was
provided by a Fulbright Senior Research Fellowship (VJV), MPI-EVA,
and Indiana University. Thank you also to Tierney Lorenz, Sophia Gra-
ham, and Rebecca Bedwell for assistance with statistical analyses and
manuscript preparation and to the editor and two anonymous reviewers
for comments on earlier versions of this manuscript. The authors declare
that they have no conflict of interest.

References

1. Ahlgren M, Sørensen T, Wohlfahrt J et al (2003) Birth weight and
risk of breast cancer in a cohort of 106,504 women. Int J Cancer
107:997–1000

2. De Stavola BL, Hardy R, Kuh D et al (2000) Birthweight, child-
hood growth and risk of breast cancer in a British cohort. Br J
Cancer 83:964

3. Hübinette A, Lichtenstein P, Ekbom A, Cnattingius S (2001) Birth
characteristics and breast cancer risk: a study among like-sexed
twins. Int J Cancer 91:248–251

4. Kaijser M, Lichtenstein P, Granath F et al (2001) In utero exposures
and breast cancer: a study of opposite-sexed twins. J Natl Cancer
Inst 93:60–62

5. McCormack VA, dos Santos Silva I, Koupil I et al (2005) Birth
characteristics and adult cancer incidence: Swedish cohort of over
11,000 men and women. Int J Cancer 115:611–617

6. Michels KB, Trichopoulos D, Robins JM et al (1996) Birthweight
as a risk factor for breast cancer. Lancet 348:1542–1546

7. Sanderson M, Williams MA, Malone KE, et al (1996) Perinatal
factors and risk of breast cancer. Epidemiology 34–37

8. Dos Santos Silva I, Stavola BD, McCormack V, Collaborative
Group on Pre-Natal Risk Factors and Subsequent Risk of Breast
Cancer (2008) Birth size and breast cancer risk: re-analysis of indi-
vidual participant data from 32 studies. PLoS Med 5:e193

9. Vatten LJ, Nilsen TIL, Tretli S et al (2005) Size at birth and risk of
breast cancer: prospective population-based study. Int J Cancer 114:
461–464

10. Feigelson HS, Henderson BE (1996) Estrogens and breast cancer.
Carcinogenesis 17:2279–2284

11. Endogenous Hormones and Breast Cancer Collaborative Group
(2013) Sex hormones and breast cancer risk in premenopausal
women: collaborative reanalysis of seven prospective studies.
Lancet Oncol 14:1009

12. Trichopoulos D (1990) Hypothesis: does breast cancer originate in
utero? Lancet 335:939–940

13. Jasienska G, Ziomkiewicz A, Lipson SF et al (2006) High ponderal
index at birth predicts high estradiol levels in adult women. Am J
Hum Biol 18:133–140

14. Jasienska G, Thune I, Ellison PT (2006) Fatness at birth predicts
adult susceptibility to ovarian suppression: an empirical test of the
predictive adaptive response hypothesis. Proc Natl Acad Sci 103:
12759–12762

15. Martin JA, Hamilton BE, Ventura SJ et al (2013) Births: final data
for 2011. Natl Vital Stat Rep 62:1–90

16. Indrayan A (2012) Medical biostatistics, 3rd edition. CRC Press
17. Finstad SE, Emaus A, Potischman N et al (2009) Influence of birth

weight and adult body composition on 17β-estradiol levels in
young women. Cancer Causes Control 20:233–242

18. Tworoger SS, Eliassen AH, Missmer SA et al (2006) Birthweight
and body size throughout life in relation to sex hormones and pro-
lactin concentrations in premenopausal women. Cancer Epidemiol
Biomarkers Prev 15:2494–2501

19. Chiazze L, Brayer FT, Macisco JJ et al (1968) The length and
variability of the human menstrual cycle. JAMA 203:377–380

20. Liu Y, Gold EB, Lasley BL, Johnson WO (2004) Factors affecting
menstrual cycle characteristics. Am J Epidemiol 160:131–140

21. Hankinson SE, Eliassen AH (2010) Circulating sex steroids and
breast cancer risk in premenopausal women. Horm Cancer 1:2–10

22. Vitzthum VJ (2009) The ecology and evolutionary endocrinology
of reproduction in the human female. Am J Phys Anthropol 140:
95–136

23. Yang TO, Reeves GK, Green J, et al (2014) Birth weight and adult
cancer incidence: large prospective study and meta-analysis. Ann
Oncol mdu214

24. Meyer HHD, Sauerwein H, Mutayoba BM (1990) Immunoaffinity
chromatography and a biotin-streptavidin amplified enzyme immu-
noassay for sensitive and specific estimation of estradiol-17β. J
Steroid Biochem 35:263–269

HORM CANC (2015) 6:182–188 187



25. Heistermann M, Tari S, Hodges JK (1993) Measurement of faecal
steroids for monitoring ovarian function in New World primates,
Callitrichidae. J Reprod Fertil 99:243–251

26. Deschner T, Heistermann M, Hodges K, Boesch C (2003) Timing
and probability of ovulation in relation to sex skin swelling in wild
West African chimpanzees, Pan troglodytes verus. Anim Behav 66:
551–560

27. Vitzthum VJ, Bentley GR, Spielvogel H et al (2002) Salivary pro-
gesterone levels and rate of ovulation are significantly lower in
poorer than in better-off urban-dwelling Bolivian women. Hum
Reprod 17:1906–1913

28. Vitzthum VJ (2004) Interpopulational differences in progesterone
levels during conception and implantation in humans. Proc Natl
Acad Sci 101:1443–1448

29. Rohrer F (1921) Der Index der Körperfülle als Maß des
Ernährungszustandes. Munch Med Wochenschr 68:580–582

30. Lehingue Y, Remontet L, Munoz F, Mamelle N (1998) Birth
ponderal index and body mass index reference curves in a large
population. Am J Hum Biol 10:327–340

31. Fay RA, Dey PL, Saadie CM et al (1991) Ponderal index: a better
definition of the Bat risk^ group with intrauterine growth problems
than birth-weight for gestational age in term infants. Aust N Z J
Obstet Gynaecol 31:17–19

32. Walther FJ, Ramaekers LHJ (1982) The ponderal index as a mea-
sure of the nutritional status at birth and its relation to some aspects
of neonatal morbidity

33. Davies DP (1980) Size at birth and growth in the first year of life of
babies who are overweight and underweight at birth. Proc Nutr Soc
39:25–33

34. Mundry R, Nunn CL (2009) Stepwise model fitting and statistical
inference: turning noise into signal pollution. Am Nat 173:119–123

35. Holländer N, Sauerbrei W, Schumacher M (2004) Confidence in-
tervals for the effect of a prognostic factor after selection of an
Boptimal^ cutpoint. Stat Med 23:1701–1713

36. Irwin JR,McClelland GH (2003) Negative consequences of dichot-
omizing continuous predictor variables. J Mark Res 40:366–371

37. MacCallum RC, Zhang S, Preacher KJ, Rucker DD (2002) On the
practice of dichotomization of quantitative variables. Psychol
Methods 7:19–40

38. Royston P, Altman DG, Sauerbrei W (2006) Dichotomizing con-
tinuous predictors in multiple regression: a bad idea. Stat Med 25:
127–141

39. Escobar GJ, Littenberg B, Petitti DB (1991) Outcome among sur-
viving very low birthweight infants: a meta-analysis. Arch Dis
Child 66:204–211

40. Lucas A (2005) Long-term programming effects of early nutri-
tion—implications for the preterm infant. J Perinatol 25:S2–S6

41. Moster D, Lie RT, Markestad T (2008) Long-term medical and
social consequences of preterm birth. N Engl J Med 359:262–273

42. Potischman N, Christine A, Swanson PS, Hoover RN (1996)
Reversal of relation between body mass and endogenous estrogen
concentrations with menopausal status. Breast Cancer 13:15

43. Ekbom A, Adami H-O, Hsieh C et al (1997) Intrauterine environ-
ment and breast cancer risk in women: a population-based study. J
Natl Cancer Inst 89:71–76

44. Le Marchand L, Kolonel LN, Myers BC, Mi MP (1988) Birth
characteristics of premenopausal women with breast cancer. Br J
Cancer 57:437

45. Sanderson M, Shu XO, Jin F et al (2002) Weight at birth and
adolescence and premenopausal breast cancer risk in a low-risk
population. Br J Cancer 86:84–88

46. Elmén H, Höglund D, Karlberg P et al (1996) Birth weight for
gestational age as a health indicator birth weight and mortality
measures at the local area level. Eur J Public Health 6:137–141

47. Bradley CJ, Given CW, Roberts C (2002) Race, socioeconomic
status, and breast cancer treatment and survival. J Natl Cancer
Inst 94:490–496

48. Byers TE, Wolf HJ, Bauer KR et al (2008) The impact of socioeco-
nomic status on survival after cancer in the United States. Cancer
113:582–591

49. Yost K, Perkins C, Cohen R et al (2001) Socioeconomic status and
breast cancer incidence in California for different race/ethnic
groups. Cancer Causes Control 12:703–711

188 HORM CANC (2015) 6:182–188


	Links...
	Abstract
	Background
	Methods
	Study sample and data collection
	Hormone assays
	Analyses

	Results
	Discussion
	References


