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We thank Sugiyama (1) for the interest in our work (2). We
agree that the finding of no association between serum 25-
hydroxyvitaminD (25(OH)D) concentration and odds of fracture
in young children (2) was consistent with a previous case-control
study in older children (3) and prospective studies of 25(OH)D
during pregnancy (4, 5) and the neonatal period (6).

As suggested by Sugiyama, it is possible that there is a com-
pensatory mechanism whereby low vitamin D status leads to
increased bone mineralization due to an increase in bone strain
(7, 8). Unfortunately wewere not able to evaluate this hypothe-
sis in our study because bone mass and mechanical strain were
not measured. Future studies with additional bone measures
would be needed to evaluate this hypothesis.

As Sugiyama has indicated, the null finding for 25(OH)D
conflicts with our results of an inverse association between
vitamin D supplement use and odds of fracture. 25(OH)D is
generally regarded as the preferred biomarker of current
vitamin D status, but it is not without limitations (9). Further,
serum 25(OH)D reflects only current vitamin D status, not
long-term intake (10). It is possible that our measure of the
use of vitamin D supplements reflects an earlier or prolonged
period of exposure that may be more important for fracture risk
than current vitamin D status. It is also possible that our finding
for vitamin D supplement usewas the result residual confound-
ing despite our attempt to control for known confounders.
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RE: “INVITED COMMENTARY: EXPOSURE BIOMARKERS INDICATEMORE THAN JUST EXPOSURE”

The commentary by Savitz and Wellenius (1) on the article
by Sagiv et al. (2) illustrates the importance of understanding
determinants of chemical exposure biomarkers and empirically
testing how they influence relationships between chemical ex-
posures and human health. A key point in this understanding is
the relative contribution of physiological and nonphysiological

factors to between-person variation in chemical exposure bio-
markers. I believe that Savitz and Wellenius underestimate the
nonphysiological variation of several chemical exposure bio-
markers in their statement that “many toxicants, including PFAS,
phthalates, and fire retardants, are ubiquitous in our environment,
and levels are not likely to be notably different across homes,
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product selection, or other factors” (1). I argue below that the rela-
tive contribution of nonphysiological sources to between-person
variation in chemical exposure biomarkers is as great as or greater
than physiological ones for some chemicals, especially phthalates.
Moreover, the relative contributions of nonphysiological and
physiological sources of between-person variation differ across
the life span.

In the case of phthalates, there is considerable evidence that
nonphysiological factors result in substantial between-person
differences in urinary concentrations of phthalate metabolites.
My colleagues and I previously reported that urinarymonoethyl
phthalate concentrations were 2.5-fold higher among women
who used cologne than among those who did not (geometric
mean= 111 ng/mL vs. 42 ng/mL) (3). In addition, Rudel et al.
(4) found that urinary levels of di-2-ethylhexyl phthalate metab-
olites decreased by more than 50% during a dietary intervention
that minimized the use of plastic packaging in food preparation
and storage. Moreover, other nonpersistent chemicals, like para-
bens, also have substantial between-person variation related to
the use of personal care products, and this has been demonstrated
in both experimental and observational studies (3, 5). Between-
person variation in phthalate exposure may also arise from the
types or brands of products used. Koo et al. (6) previously reported
that phthalate diester levels in different brands of perfume, nail
polish, hair products, and deodorant could range from nonde-
tectable to over 12 parts per thousand. The magnitude of these
variations in phthalate exposure and phthalate biomarkers
is quite large, especially compared with the relatively weak as-
sociations between physiological factors and chemical expo-
sure biomarkers (2, 7).

A second important point to consider is that the relative contri-
bution of physiological and nonphysiological factors to between-
person variation in chemical exposure biomarkers depends on the
timing of development when exposure assessment is conducted.
For instance, breastfed infants have considerably higher levels
of perfluoroalkyl substances (PFAS) than nonbreastfed infants
(8, 9). In one study, duration of breastfeeding explained the
largest amount of variation in children’s serum PFAS concentra-
tions, as comparedwith other exposure sources (9). Breastfeeding
duration is also a predictor of levels of other persistent pollutants,
including polybrominated diphenyl ether flame retardants (10).
Thus, for persistent chemical exposure biomarkers, including
PFAS, the proportion of between-person variation related to
nonphysiological factors will be greater than the variation due
to physiological factors during infancy or childhood.

Epidemiologists must carefully consider the multiple sources
of between-person variation in chemical exposure biomarkers,
while also appreciating that the relative contribution of these dif-
ferent sources varies by chemical exposures and across develop-
mental life stages. Thus, broad and sweeping generalizations
about how physiological factors influence biomarkers of chemi-
cal exposure need to be accompanied by appropriate caveats.
Otherwise, such broad generalizations could diminish the

potential value of chemical biomarkers, when in fact there are
many cases where they can validly and reliably distinguish
interindividual differences in true exposure.

ACKNOWLEDGMENTS

This work was supported by grants from the National Institute of
Environmental Health Sciences (grants ES024381 and ES025214).

Conflict of interest: none declared.

REFERENCES

1. Savitz DA,Wellenius GA. Invited commentary: exposure
biomarkers indicate more than just exposure. Am J Epidemiol.
2018;187(4);803–805.

2. Sagiv SK, Rifas-Shiman SL, Fleisch AF, et al. Early-
pregnancy plasma concentrations of perfluoroalkyl substances
and birth outcomes in Project Viva: confounded by pregnancy
hemodynamics? Am J Epidemiol. 2018;187(4):793–802.

3. Braun JM, Just AC,Williams PL, et al. Personal care product
use and urinary phthalate metabolite and paraben
concentrations during pregnancy among women from a fertility
clinic. J Expo Sci Environ Epidemiol. 2014;24(5):459–466.

4. Rudel RA, Gray JM, Engel CL, et al. Food packaging and
bisphenol A and bis(2-ethyhexyl) phthalate exposure: findings
from a dietary intervention. Environ Health Perspect. 2011;
119(7):914–920.

5. Harley KG, Kogut K, Madrigal DS, et al. Reducing phthalate,
paraben, and phenol exposure from personal care products in
adolescent girls: findings from the HERMOSA Intervention
Study. Environ Health Perspect. 2016;124(10):1600–1607.

6. Koo HJ, Lee BM. Estimated exposure to phthalates in
cosmetics and risk assessment. J Toxicol Environ Health A.
2004;67(23–24):1901–1914.

7. Verner MA, Loccisano AE, Morken NH, et al. Associations of
perfluoroalkyl substances (PFAS) with lower birth weight: an
evaluation of potential confounding by glomerular filtration
rate using a physiologically based pharmacokinetic model
(PBPK). Environ Health Perspect. 2015;123(12):1317–1324.

8. Mogensen UB, Grandjean P, Nielsen F, et al. Breastfeeding as
an exposure pathway for perfluorinated alkylates. Environ Sci
Technol. 2015;49(17):10466–10473.

9. Wu XM, Bennett DH, Calafat AM, et al. Serum concentrations
of perfluorinated compounds (PFC) among selected
populations of children and adults in California. Environ Res.
2015;136:264–273.

10. Bradman A, Castorina R, Sjodin A, et al. Factors associated
with serum polybrominated diphenyl ether (PBDE) levels
among school-age children in the CHAMACOS cohort.
Environ Sci Technol. 2012;46(13):7373–7381.

Joseph M. Braun (e-mail: joseph_braun_1@brown.edu)
Department of Epidemiology, School of Public Health,
Brown University, Providence, RI

DOI: 10.1093/aje/kwy009; Advance Access publication: January 17, 2018

Letters to the Editor 895

Am J Epidemiol. 2018;187(4):893–896


	RE: “VITAMIN D AND FRACTURE RISK IN EARLY CHILDHOOD: A CASE-CONTROL STUDY”
	Acknowledgments
	References

	TWO AUTHORS REPLY
	Acknowledgments
	References

	RE: “INVITED COMMENTARY: EXPOSURE BIOMARKERS INDICATE MORE THAN JUST EXPOSURE”
	Acknowledgments
	References

	THE AUTHORS REPLY
	Acknowledgments
	References




