1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript

-, HHS Public Access
«

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2016 November 01.

Published in final edited form as:
J Expo Sci Environ Epidemiol. 2016 ; 26(3): 303-308. doi:10.1038/jes.2015.40.

Urinary Cadmium and Estimated Dietary Cadmium in the
Women'’s Health Initiative

Sabah M. Quraishi, M.P.H.,
University of Washington, Epidemiology, Seattle, WA, USA. Fred Hutchinson Cancer Research
Center, Cancer Prevention, Public Health Sciences, Seattle, WA, USA

Scott V. Adams, Ph.D.,
Fred Hutchinson Cancer Research Center, Cancer Prevention, Public Health Sciences, Seattle,
WA, USA

Martin Shafer, Ph.D.,
University of Wisconsin-Madison, Environmental Chemistry and Technology Program, Madison,
WI, USA

Jaymie R. Meliker, Ph.D.,
Stony Brook University, Graduate Program in Public Health, Department of Preventative
Medicine, Stony Brook, NY, USA

Wenjun Li, Ph.D.,
University of Massachusetts, Medicine, Worcester, MA, USA

Juhua Luo, Ph.D.,
Indiana University School of Public Health-Bloomington, Epidemiology and Biostatistics,
Bloomington, IN, USA

Marian L. Neuhouser, Ph.D., R.D., and
Fred Hutchinson Cancer Research Center, Cancer Prevention, Public Health Sciences, Seattle,
WA, USA

Polly A. Newcomb, Ph.D.
Fred Hutchinson Cancer Research Center, Cancer Prevention, Public Health Sciences, Seattle,
WA, USA

Abstract

Cadmium, a heavy metal dispersed in the environment as a result of industrial and agricultural
applications, has been implicated in several human diseases including renal disease, cancers, and
compromised bone health. In the general population, the predominant sources of cadmium
exposure are tobacco and diet. Urinary cadmium (uCd) reflects long-term exposure and has been
frequently used to assess cadmium exposure in epidemiological studies; estimated dietary intake
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of cadmium (dCd) has also been used in several studies. The validity of dCd in comparison to uCd
is unclear. This study aimed to compare dCd, estimated from food frequency questionnaires
(FFQs), to uCd measured in spot urine samples from 1,002 participants of the Women’s Health
Initiative. Using linear regression, we found that dCd was not statistically significantly associated
with uCd (B=0.006, p-value=0.14). When stratified by smoking status, dCd was not significantly
associated with uCd both in never smokers (f=0.006, p-value=0.09) and in ever smokers
(p=0.003, p-value=0.0.67). Our results suggest that because of the lack of association between
estimated dietary cadmium and measured urinary cadmium exposure, dietary estimation of
cadmium exposure should be used with caution in epidemiologic studies.
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INTRODUCTION

Cadmium is a heavy metal that has been associated with renal disease, impaired bone health,
and cancers in occupational settings and in the general population (1-5). Cadmium occurs
naturally in the environment at relatively low levels. However, cadmium contaminates
agricultural land as a result of fertilizer, industrial and consumer wastes, and mining activity
(1, 2, 4). Smoking is an important source of exposure in the general population due to the
high accumulation of cadmium in tobacco leaves(6), but the primary source of non-
occupational exposure to cadmium in non-smokers is believed to be through diet (7). Plants
take up cadmium through contaminated soil, with high concentrations of cadmium in leafy
vegetables, grains, and nuts (2, 8, 9). Approximately 3-5% of cadmium in food is absorbed
into the body when ingested (10-12). Cadmium exposure also occurs through air and water,
though these are minor sources of human exposure in the US and Europe (2, 13, 14).

Cadmium exposure in humans can be measured from biological samples including urine and
blood, or estimated from diet (2, 15, 16)(2, 3). Because cadmium accumulates in the kidney,
urinary cadmium is thought to reflect long-term exposure, with the half-life of cadmium
being decades in humans (12, 16, 17).

Dietary estimation of cadmium exposure based on food frequency questionnaires (FFQs) or
diet diaries linked to measurement of cadmium in food items has been used in several
epidemiological studies (18-27). Estimation of cadmium levels from dietary data facilitates
larger studies, and is an efficient use of commonly collected data in order to evaluate the
association of cadmium exposure with multiple adverse health outcomes. However, the
accuracy of dietary estimation of cadmium exposure compared to urinary cadmium remains
unclear.

In the current study, we evaluated the relationship between urinary cadmium (uCd) and
dietary cadmium intake (dCd) estimated from FFQs from a subsample of participants in the
large and well-annotated Women’s Health Initiative Cohort Initiative Clinical Trials and
Observational Study (WHI) (28).
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MATERIALS and METHODS
Study population

Participants were selected from the Women’s Health Initiative (WHI), a large longitudinal in
the United States study of postmenopausal women (age 5079 years at enrollment) recruited
from clinical centers nationwide. The WHI comprises clinical trials (CTs) and observational
study (OS) arms designed to evaluate several interventions and risk factors in relation to
cancer and cardiovascular disease risk. Extensive details of WHI study design and
recruitment have been previously described (28-30). Briefly, recruitment occurred between
1993 and 1998 at 40 clinical centers across the US. In total, WHI enrolled 161,808 women.
All participants provided written informed consent. Human subjects review committees at
all participating sites approved WHI study protocols. The analyses presented here were
reviewed and approved by Fred Hutchinson Cancer Research Center Institutional Review
Board as an ancillary study to WHI and comply with all applicable US regulations.

For the current study, an age-stratified random sample of 1,050 participants was selected
from 12,476 WHI women participating in the Bone Mineral Density study at three clinical
centers (Pittsburgh, PA; Birmingham, AL; and Tucson, AZ), the only WHI sites which
routinely collected urine samples (31). Since our study includes women who serve as
controls in a study of breast cancer incidence, we excluded women who reported prior breast
cancer; in addition, we excluded women with no urine sample in the WHI repository, or
unknown baseline smoking status. For the present study, women with incomplete
information on race/ethnicity, body mass index (BMI), education, parity, or an incomplete
FFQ were excluded, resulting in a final study sample of 1,002 women.

Data collection

All women completed extensive self-administered questionnaires at baseline enrollment.
Questionnaires included detailed information on demographic characteristics, dietary habits,
medical history and lifestyle factors including tobacco use and alcohol intake.
Anthropometric measures were taken at baseline clinic visits using a standardized protocol
(28).

Usual diet was assessed through a FFQ specifically developed for postmenopausal women
(32), completed by all participants at baseline and at intervals, according to WHI study arm,
during follow-up. The FFQ collected information on dietary intake over the previous 3
months from 122 individual line items each comprised of closely related foods or beverages,
and included adjustment questions on food preparation and types of added fats (32).
Previous evaluation of the WHI FFQ found that mean intake levels estimated by the FFQ
were within 10% of those from food records and dietary recalls for a majority of nutrients;
test-retest reliability of the FFQ was also high (Intraclass Correlations Coefficients from
0.67-0.84) (32). Total energy intake (kcal/day) was computed using the FFQ data (32). WHI
discards FFQ data for women reporting <400 kcal or >5,000 kcal total energy intake per day.
For this study, we used data from FFQ collected at baseline.

Dietary cadmium (dCd) was estimated using baseline FFQ data following dietary
micronutrient methodology previously applied to dietary cadmium in the US (21, 25, 33). In
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brief, a database of the cadmium content of component foods underlying each FFQ line item
composite was constructed using measurements of the cadmium content of foods determined
analytically by the US Food and Drug Administration (FDA) as a part of the Total Diet
Study (TDS) (8, 34). TDS collected three representative market baskets per year from each
of four regions throughout the US. Specific locations for collection within each region
changed yearly. Foods were prepared according to predetermined recipes and analyzed by
graphite furnace atomic absorption spectrometry for a number of nutrients and contaminants
including cadmium (8, 34). TDS data are a publicly available resource accessible online
(http://www.fda.gov/Food/FoodScienceResearch/TotalDietStudy/default.htm). The
arithmetic mean of cadmium content (mg/100 g prepared weight) reported by the FDA for
all available samples of each food was assigned as the cadmium concentration for that FFQ
component food item. Cadmium content from the TDS was averaged over year and region.
Individual measurements of food items below the levels of detection (LOD) were assigned
values of zero(25).

WHI women were asked to collect a first morning void, record the time of void on the
sample collection vial, and refrigerate the sample until attending the baseline clinical visit.
Upon receipt at the clinic the sample was logged, centrifuged, aliquoted to cryovials, and
frozen for shipment and storage at —70°C in the WHI repository.

For the present study, urinary cadmium (uCd) was measured using mass spectrometry
(sector field inductively coupled plasma mass spectrometry (SF-ICPMS) on a Thermo-
Finnigan Element 2 (Thermo Scientific, Waltham, MA) at the Wisconsin State Laboratory of
Hygiene (Madison, W1), following quality control procedures similar to those previously
described (3, 35). SF-ICPMS batches included participant samples, standard reference
material aliquots, and multiple quality control samples (duplicates, spikes, check standards
and blanks) (26). Duplicate samples resulted in a mean coefficient of variation (CV) of
2.7%. Values that were below or equal to the lowest level of quantification (LOQ) of 3.5
ng/L were assigned a value of 3.5/V2 ng/L. Of the final 1,002 women included in this
analysis, 9 had cadmium levels below or equal to the LOQ.

Statistical Analyses

For statistical analyses, uCd was divided by urinary creatinine for each participant and
expressed as g cadmium/g creatinine. Thus, uCd throughout statistical analyses was defined
as creatinine-adjusted urinary cadmium. All regression models were conducted using the
robust method to estimate standard errors.

The distributions of uCd and dCd were examined via histograms (Supplementary Figure 1).
Both plots showed a right-skewed distribution. In sensitivity analyses, log-transformed
values for both uCd and dCd were used in analyses. We selected untransformed results for
ease of interpretation and presentation.

Multivariable linear regression was used to identify participant personal characteristics
independently associated with dCd or uCd. Potential predictors of dCd or uCd included
WHI study arm (CT or OS), WHI region, age at baseline, smoking status, total energy
intake, race/ethnicity, body mass index (BMI), physical activity, multivitamin use, dietary
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alcohol consumption, education level, postmenopausal hormone therapy use, age at
menopause, and parity (Table 1). Smoking status is defined as never smoker, ever smoker, or
current smoker. This categorized definition of smoking status was highly correlated with
calculated pack years (R?=0.83) within the data. Categorical variables were evaluated using
a post estimation Wald statistic. Missing categories were created for variables with missing
data; physical activity (N=36) and age at menopause (N=84). Age, smoking status and total
energy intake were retained in all subsequent models of dCd and uCd as a priori covariates.

Multivariable linear regression was used to quantify the relationship of mean dCd with mean
uCd, adjusting for personal characteristics identified a priori and independently associated
with dCd or uCd as determined above. This relationship was quantified within the entire
study sample and stratified by smoking status, WHI region, race/ethnicity, and current iron
supplement use allowing the coefficient of dCd to vary between strata to test interactions
with dCd in relation to uCd. The relationship was analyzed stratifying by use of any iron
supplementation.

A stepwise regression model was applied to evaluate which food groups were most related to
uCd. All a priori (age, smoking status, total energy intake) and covariates selected from the
initial dCd and uCd models described above were retained throughout stepwise selection.
The stepwise procedure inclusion criteria was set at P=0.15 and the exclusion criteria at
0.10. Food groups input for selection were fruits, vegetables, fish, red meat, poultry, soy,
nuts, grains, whole grains, milks, and dairy all measured as medium servings/day and
computed by the WHI study by aggregating data from the FFQ. Food groups rather than
individual food items were input for selection in order to minimize over-fitting that could
result from the inclusion of many individual food items in regression models. Stepwise
selection was conducted in the overall study population, and separately in never smokers.

All statistical analyses were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC,
USA) and Stata version 13.0 (StataCorp, College Station, TX).

RESULTS

The mean age of participants was 63.4 years old and the majority (55.7%) were never
smokers (Table 1). The mean (SD) uCd was 0.62 (0.50) pg/g creatinine (range: 0.0014 —
6.79 ug/g; interquartile range (IQR): 0.45 ug/g; geometric mean 0.48 ug/g). The mean (SD)
dCd intake was 10.4 (4.7) pg/d(range: 1.74 — 31.6 pg/d; IQR: 6.2 pg/d; geometric mean 9.4
ug/d). dCd estimates did not vary substantially across most of the covariates evaluated, but
were strongly correlated with estimated total energy intake. uCd was higher in older
participants, smokers, and in participants reporting higher alcohol consumption. Thirty
percent of participants were currently taking iron supplements, either as a single supplement
or as part of a multivitamin.

Independent predictors of both dCd and uCd identified through separate multivariable linear
regression models were age, race/ethnicity, physical activity, and parity. WHI study arm,
WHI region, dietary alcohol consumption, and education were associated with dCd but not
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uCd. Smoking status and BMI were associated with uCd but not dCd. For subsequent
analyses, all of these variables were retained as adjustment covariates.

Each 1ug/d higher mean dCd was associated with 0.006 pg/g (95% CI: -0.002, 0.014 ug/g)
higher mean uCd (Table 2). The association between dCd and uCd did not differ among
never-smokers and ever smokers (P-interaction=0.77). The association was marginally
stronger in never smokers compared to ever smokers (8=0.006, $=0.003, respectively),
though neither of these stratified associations are statistically significant. By WHI region,
the association was strongest within the Eastern region (p=0.014, 95%Cl: 0.001-0.026),
though there were no statistically significant differences in association by race/ethnicity,
WHI region, or by current use of iron supplements. Furthermore, the association between
uCd and dCd was qualitatively unchanged when log-transformed uCd and dCd were used in
regression models (0.12% higher uCd for each 1% higher dCd (95% CI: —0.16% - 0.25%)),
adjusted for the same covariates as described.

A stepwise selection model assessed fruits, vegetables, fish, red meat, poultry, nuts
(including peanuts and peanut butter), grains, and dairy in addition to fixed adjustment
covariates (age, total energy intake, smoking status, WHI study arm, WHI region, race/
ethnicity, BMI, physical activity, dietary alcohol consumption, multivitamin use, education,
and parity) in relation to uCd. The food groups retained as associated with uCd were fruits,
vegetables, dairy, red meat, nuts, and milks (Table 3). This approach was repeated in never
smokers resulting in the retention of nuts (8=0.21 (0.11-0.31) pg/g per daily medium
serving, and grains (p=0.015 (0.001-0.029)).

DISCUSSION

We observed at most a weak association between dCd intake, estimated from FFQs, and
uCd. Although our study sample included smokers, when restricted to never-smokers, the
association between dCd and uCd remained weak and not statistically significant. We
observed no statistically significant differences in association by race/ethnicity or by WHI
region.

The associations of uCd with age and smoking history were consistent with several previous
reports from disparate populations (14, 16, 35-41). In women in our study, cadmium levels,
as measured both in diet and urine, increased with higher alcohol consumption. This differs
from what has been found in previous studies in women which have found inverse (14) or no
association (35) of cadmium with alcohol consumption.

The results of the stepwise regression model used to evaluate the contribution of specific
components of diet to urinary cadmium levels identified only intake of nuts in association
with higher urinary cadmium. A larger number of vegetables was also suggested to be
associated with higher mean urinary cadmium. Each of these food categories are known to
contain more cadmium than, for example, meat or poultry. On the other hand, intake of
grains, which may also have a relatively high cadmium content, were not retained (8).

From the stepwise selection model, an inverse association was suggested between uCd and
consumption of red meat. Increased absorption of cadmium through the gastrointestinal tract
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has been related to low iron stores, though this may not be as much of a concern in
postmenopausal women (10, 42, 43). Vahter et al. conducted a study analyzing the
bioavailability of cadmium comparing diets high in shellfish intake with “mixed diets”, and
found that bioavailability differs by diet type, potentially as a result of differences in iron
intake (11). In out study, the current use of iron supplements did not alter the relationship
between uCd and estimated dCd, though only a minority of participants were taking
supplements. Other dietary components that have been implicated with cadmium absorption
include fiber, calcium, zinc and copper (10, 11, 44, 45), each of which is difficult to assess
with recall-based dietary assessments such as FFQs. Hence, when attempting to approximate
dietary exposure to cadmium, intake of dietary co-factors potentially involved with
absorption presents an additional challenge.

Previous studies have found correlations between urine and diet cadmium. In Sweden, Julin
et al. examined the relationship between dietary and urinary cadmium and found a
correlation of r=0.43 (46). This study collected duplicate food portions and directly
measured intake of cadmium using mass spectrometry in food consumed. Julin et al also
found that the inclusion of iron status increased the prediction of the model (46).

Ikeda et al. conducted at study throughout several Japanese prefectures measuring cadmium
levels in the environment, in food portions collected from those areas, and in urine samples
and were able to find correlations between these measures (r=0.59-0.89) (47). The approach
used in Sweden and Japan shows that diet is correlated to urinary cadmium when cadmium
is measured in samples of the actual food items consumed, or food acquired locally, in
contrast to our approach.

A Norwegian study measuring fish and game intake used specifically designed FFQs in
areas known to have high cadmium contamination found no association with cadmium levels
in either blood or urine in the overall population; in non-smokers they identified seafood,
particularly crab, as a predictor of urinary cadmium (48). In the California Teachers Study, a
similar method as the current study was used to determine cadmium levels using FFQs and
extrapolating the FDA’s Total Diet Study cadmium measures found that diet cadmium was
not a significant predictor of urinary cadmium (14). Thus, our results are generally
consistent with previous studies that also compared FFQ and biological measures of
cadmium exposure.

The weak association between urine and diet cadmium measures in our study population
may be a result of measurement error introduced by our reliance on FFQ data. In part, this
may stem from the imprecision of cadmium levels estimated from the Total Diet Study to
approximate the actual cadmium levels in the food, as well as the limitation of FFQs to
capture the totality of regular dietary intake, which has specifically been demonstrated using
the WHI FFQ (49). In contrast to uCd, the dietary cadmium estimate does not account for
other routes of exposure, though the associations here adjusted for smoking status, the main
driver of cadmium levels outside of diet. Questionnaire data on occupation collected by WHI
shows that occupational exposure in this cohort is unlikely (50).
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A source of measurement error is the different time periods over which the FFQ used in our
study and urinary cadmium assessed exposure. Urinary cadmium is widely believed to
measure exposure over several decades(15, 16, 51). In contrast, the WHI FFQ was designed
to evaluate diet in the prior 3 months(32). Therefore, changes in diet with age may be an
important consideration in future diet-based assessments of cadmium exposure.

Cadmium levels likely differ by region and by food supplies. Here, we used national level
estimates of cadmium contamination in food to make our diet estimates. Since the sources of
food supply in the US population are relatively diverse, and since uptake of cadmium into
foods such as vegetables depend upon growing conditions (52, 53), it may be that using
cadmium quantifications measured from food items across the country did not provide
enough specificity to accurately estimate individual intake of cadmium through diet. Using
diet measures that are specific to both sub-populations and cadmium quantifications based
on specific regions of food origin may improve the association of dietary and urinary
cadmium measures.

The use of a stepwise regression model to evaluate which food groups contributed most to
diet cadmium levels may be prone to over-fitting due to the number of variables provided for
evaluation. We minimized this by using food groups in stepwise elimination, rather than
many individual food items. Thus although over-fitting may be a concern, the results of this
analysis may still provide some insight as to which food groups contribute most to urinary
cadmium levels.

Finally, variation in uCd introduced by our use of a single urine sample may have attenuated
any association between dietary and urinary cadmium. Most (84%) women recorded a time
of collection before 8 a.m., suggesting a first morning void, which should have reduced
diurnal variation in urinary cadmium (54). In addition, to account for dilution, we adjusted
urinary cadmium for urinary creatinine; urinary creatinine has been observed to vary
according to gender, age, body size, or meat intake (55). Because our study included only
postmenopausal women, ages 50-79 years, and we adjusted for BMI, the influence of
creatinine adjustment on our results was likely reduced.

Our study also has important strengths. We evaluated the association of estimated dietary
cadmium intake and urinary cadmium intake in a sample of 1,002 postmenopausal women
participating in the WHI, a well-annotated cohort study with extensive data on personal
characteristics and behaviors. Our study included the largest sample sizes of comparable
previous studies evaluating the relationship between diet and urinary cadmium in Western
populations with similar exposure to cadmium(14, 35, 41, 46, 48); Asian studies have
included more participants with higher exposure levels(47, 56)

In summary, in this study of postmenopausal women, we did not find a strong association
between estimated dietary intake of cadmium and urinary cadmium. Diet remains the most
likely source of cadmium exposure among non-smokers without occupational exposure (2).
However, our results suggest that assessment of dietary cadmium with instruments such as
food frequency questionnaires, combined with representative data on cadmium in foods,
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may suffer from a large amount of measurement error that limits the usefulness of this
approach in epidemiological studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Supported by NIH/NIEHS RO1ES019667, NIH/NCI CA K05152715 and NIEHS T32S015459. WHI is supported
through NIH/NHLBRI contracts HHSN268201100046C, HSN268201100001C, HHSN268201100002C,
HHSN268201100003C, HHSN268201100004C. SMQ was supported by Biostatistics, Epidemiologic and
Bioinformatic Training in Environmental Health Training Grant NIEHS T32ES015459.

References

1. Jarup L, Akesson A. Current status of cadmium as an environmental health problem. Toxicology
and applied pharmacology. 2009; 238(3):201-8. [PubMed: 19409405]

2. ATSDR. Toxicological Profile for Cadmium. Agency for Toxic Substances and Disease Registry,
Dept. of Health and Human Services; 2012. p. 1-439.

3. McElroy JA, Shafer MM, Trentham-Dietz A, Hampton JM, Newcomb PA. Cadmium exposure and
breast cancer risk. Journal of the National Cancer Institute. 2006; 98(12):869-73. [PubMed:
16788160]

4. Satarug S, Garrett SH, Sens MA, Sens DA. Cadmium, environmental exposure, and health
outcomes. Environmental Health Perspectives. 2010; 118(2):182-90. [PubMed: 20123617]

5. Engstrom A, Michaelsson K, Suwazono Y, Wolk A, Vahter M, Akesson A. Long-term cadmium
exposure and the association with bone mineral density and fractures in a population-based study
among women. Journal of Bone & Mineral Research. 2011; 26(3):486-95. [PubMed: 20734452]

6. Pappas RS, Polzin GM, Zhang L, Watson CH, Paschal DC, Ashley DL. Cadmium, lead, and
thallium in mainstream tobacco smoke particulate. Food Chem Toxicol. 2006; 44(5):714-23.
[PubMed: 16309811]

7. Vahter M, Berglund M, Lind B, Jorhem L, Slorach S, Friberg L. Personal monitoring of lead and
cadmium exposure--a Swedish study with special reference to methodological aspects. Scand J
Work Environ Health. 1991; 17(1):65-74. [PubMed: 2047809]

8. Egan SK, Bolger PM, Carrington CD. Update of US FDA’s Total Diet Study food list and diets. J
Expo Sci Environ Epidemiol. 2007; 17(6):573-82. [PubMed: 17410117]

9. Clemens S, Aarts MG, Thomine S, Verbruggen N. Plant science: the key to preventing slow
cadmium poisoning. Trends Plant Sci. 2013; 18(2):92-9. [PubMed: 22981394]

10. Berglund M, Akesson A, Nermell B, Vahter M. Intestinal absorption of dietary cadmium in women
depends on body iron stores and fiber intake. Environ Health Perspect. 1994; 102(12):1058-66.
[PubMed: 7713018]

11. Vahter M, Berglund M, Nermell B, Akesson A. Bioavailability of cadmium from shellfish and
mixed diet in women. Toxicology and applied pharmacology. 1996; 136(2):332-41. [PubMed:
8619241]

12. Choudhury H, Harvey T, Thayer WC, Lockwood TF, Stiteler WM, Goodrum PE, et al. Urinary
cadmium elimination as a biomarker of exposure for evaluating a cadmium dietary exposure--
biokinetics model. J Toxicol Environ Health A. 2001; 63(5):321-50. [PubMed: 11471865]

13. Vahter M, Berglund M, Slorach S, Friberg L, Saric M, Zheng XQ, et al. Methods for integrated
exposure monitoring of lead and cadmium. Environ Res. 1991; 56(1):78-89. [PubMed: 1915192]

14. Gunier RB, Horn-Ross PL, Canchola AJ, Duffy CN, Reynolds P, Hertz A, et al. Determinants and
Within-Person Variability of Urinary Cadmium Concentrations among Women in Northern
California. Environmental Health Perspectives. 2013; 121(6):643-9. [PubMed: 23552363]

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2016 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Quraishi et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Page 10

Lauwerys R, Roels H, Regniers M, Buchet JP, Bernard A, Goret A. Significance of cadmium
concentration in blood and in urine in workers exposed to cadmium. Environ Res. 1979; 20(2):
375-91. [PubMed: 232680]

Adams SV, Newcomb PA. Cadmium blood and urine concentrations as measures of exposure:
NHANES 1999-2010. J Expo Sci Environ Epidemiol. 2013

Akerstrom M, Sallsten G, Lundh T, Barregard L. Associations between Urinary Excretion of
Cadmium and Proteins in a Nonsmoking Population: Renal Toxicity or Normal Physiology?
Environmental Health Perspectives. 2012

Akesson A, Julin B, Wolk A. Long-term dietary cadmium intake and postmenopausal endometrial
cancer incidence: a population-based prospective cohort study. Cancer research. 2008; 68(15):
6435-41. [PubMed: 18676869]

Julin B, Wolk A, Akesson A. Dietary cadmium exposure and risk of epithelial ovarian cancer in a
prospective cohort of Swedish women. British journal of cancer. 2011; 105(3):441-4. [PubMed:
21694728]

Thomas LD, Michaelsson K, Julin B, Wolk A, Akesson A. Dietary cadmium exposure and fracture
incidence among men: a population-based prospective cohort study. Journal of bone and mineral
research: the official journal of the American Society for Bone and Mineral Research. 2011; 26(7):
1601-8.

Adams SV, Newcomb PA, White E. Dietary cadmium and risk of invasive postmenopausal breast
cancer in the VITAL cohort. Cancer causes & control: CCC. 2012; 23(6):845-54. [PubMed:
22527162]

Julin B, Wolk A, Bergkvist L, Bottai M, Akesson A. Dietary cadmium exposure and risk of
postmenopausal breast cancer: a population-based prospective cohort study. Cancer research.
2012; 72(6):1459-66. [PubMed: 22422990]

Julin B, Wolk A, Thomas LD, Akesson A. Exposure to cadmium from food and risk of
cardiovascular disease in men: a population-based prospective cohort study. European journal of
epidemiology. 2013

Thomas LD, Elinder CG, Tiselius HG, Wolk A, Akesson A. Dietary cadmium exposure and kidney
stone incidence: A population-based prospective cohort study of men & women. Environment
international. 2013; 59:148-51. [PubMed: 23827660]

Adams SV, Quraishi SM, Shafer MM, Passarelli MN, Freney EP, Chlebowski RT, et al. Dietary
Cadmium Exposure and Risk of Breast, Endometrial, and Ovarian Cancer in the Women’s Health
Initiative. Environ Health Perspect. 2014

Eriksen K, Halkjeer J, Meliker J, McElroy J, Sgrensen M, Tjgnneland A, et al. Dietary cadmium
intake and risk of breast, endometrial, and ovarian cancer: A Danish prospective cohort study.
PL0oSOne. 2014 (in press).

Thomas LD, Elinder CG, Wolk A, Akesson A. Dietary cadmium exposure and chronic kidney
disease: a population-based prospective cohort study of men and women. International journal of
hygiene and environmental health. 2014; 217(7):720-5. [PubMed: 24690412]

The Women’s Health Initiative Study Group. Design of the Women’s Health Initiative clinical trial
and observational study. The Women’s Health Initiative Study Group. Controlled clinical trials.
1998; 19(1):61-109. [PubMed: 9492970]

Anderson GL, Manson J, Wallace R, Lund B, Hall D, Davis S, et al. Implementation of the
Women’s Health Initiative study design. Ann Epidemiol. 2003; 13(9 Suppl):S5-17. [PubMed:
14575938]

Hays J, Hunt JR, Hubbell FA, Anderson GL, Limacher M, Allen C, et al. The women’s health
initiative recruitment methods and results. Annals of Epidemiology. 2003; 13(9):S18-S77.
[PubMed: 14575939]

Jackson RD, Lacroix AZ, Cauley JA, McGowan J. The women’s health initiative calcium-vitamin
D trial: overview and baseline characteristics of participants. Annals of Epidemiology. 2003;
13(9):S98-S106. [PubMed: 14575942]

Patterson RE, Kristal AR, Tinker LF, Carter RA, Bolton MP, Agurs-Collins T. Measurement
characteristics of the Women’s Health Initiative food frequency questionnaire. Ann Epidemiol.
1999; 9(3):178-87. [PubMed: 10192650]

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2016 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Quraishi et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Page 11

Schakel SBI, Gebhardt S. Procedures for estimating nutrient values for food composition
databases. J Food Compos Anal. 1997; 10(2):102-14.

Egan SK, Tao SS, Pennington JA, Bolger PM. US Food and Drug Administration’s Total Diet
Study: intake of nutritional and toxic elements, 1991-96. Food Addit Contam. 2002; 19(2):103-
25. [PubMed: 11824417]

McElroy JA, Shafer MM, Hampton JM, Newcomb PA. Predictors of urinary cadmium levels in
adult females. The Science of the total environment. 2007; 382(2-3):214-23. [PubMed:
17544058]

Kjellstrom T. Exposure and accumulation of cadmium in populations from Japan, the United
States, and Sweden. Environmental Health Perspectives. 1979; 28:169-97. [PubMed: 226355]

Paschal DC, Burt V, Caudill SP, Gunter EW, Pirkle JL, Sampson EJ, et al. Exposure of the U.S.
population aged 6 years and older to cadmium: 1988-1994. Arch Environ Contam Toxicol. 2000;
38(3):377-83. [PubMed: 10667937]

lkeda M, Moriguchi J, Ezaki T, Fukui Y, Ukai H, Okamoto S, et al. Smoking-induced increase in
urinary cadmium levels among Japanese women. Int Arch Occup Environ Health. 2005; 78(7):
533-40. [PubMed: 15997397]

Haswell-Elkins M, Imray P, Satarug S, Moore MR, O’Dea K. Urinary excretion of cadmium
among Torres Strait Islanders (Australia) at risk of elevated dietary exposure through traditional
foods. J Expo Sci Environ Epidemiol. 2007; 17(4):372-7. [PubMed: 16912696]

Quandt SA, Jones BT, Talton JW, Whalley LE, Galvan L, Vallejos QM, et al. Heavy metals
exposures among Mexican farmworkers in eastern North Carolina. Environ Res. 2010; 110(1):83-
8. [PubMed: 19818439]

Adams SV, Newcomb PA, Shafer MM, Atkinson C, Bowles EJ, Newton KM, et al. Sources of
cadmium exposure among healthy premenopausal women. The Science of the total environment.
2011; 409(9):1632—7. [PubMed: 21333327]

Akesson A, Berglund M, Schutz A, Bjellerup P, Bremme K, Vahter M. Cadmium exposure in
pregnancy and lactation in relation to iron status. Am J Public Health. 2002; 92(2):284-7.
[PubMed: 11818307]

Vahter M, Akesson A, Liden C, Ceccatelli S, Berglund M. Gender differences in the disposition
and toxicity of metals. Environ Res. 2007; 104(1):85-95. [PubMed: 16996054]

Vesey DA. Transport pathways for cadmium in the intestine and kidney proximal tubule: focus on
the interaction with essential metals. Toxicol Lett. 2010; 198(1):13-9. [PubMed: 20471461]

Lin YS, Caffrey JL, Lin JW, Bayliss D, Faramawi MF, Bateson TF, et al. Increased risk of cancer
mortality associated with cadmium exposures in older Americans with low zinc intake. J Toxicol
Environ Health A. 2013; 76(1):1-15. [PubMed: 23151207]

Julin B, Vahter M, Amzal B, Wolk A, Berglund M, Akesson A. Relation between dietary cadmium
intake and biomarkers of cadmium exposure in premenopausal women accounting for body iron
stores. Environmental health: a global access science source. 2011; 10:105. [PubMed: 22177271]
lkeda M, Shimbo S, Watanabe T, Yamagami T. Correlation among cadmium levels in river
sediment, in rice, in daily foods and in urine of residents in 11 prefectures in Japan. Int Arch
Occup Environ Health. 2006; 79(5):365—-70. [PubMed: 16408194]

Birgisdottir BE, Knutsen HK, Haugen M, Gjelstad IM, Jenssen MT, Ellingsen DG, et al. Essential
and toxic element concentrations in blood and urine and their associations with diet: Results from
a Norwegian population study including high-consumers of seafood and game. The Science of the
total environment. 2013; 463-464:836—44.

Neuhouser ML, Tinker L, Shaw PA, Schoeller D, Bingham SA, Horn LV, et al. Use of recovery
biomarkers to calibrate nutrient consumption self-reports in the Women’s Health Initiative.
American journal of epidemiology. 2008; 167(10):1247-59. [PubMed: 18344516]

Langer RD, White E, Lewis CE, Kotchen JM, Hendrix SL, Trevisan M. The women’s health
initiative observational study: baseline characteristics of participants and reliability of baseline
measures. Annals of Epidemiology. 2003; 13(9):S107-S21. [PubMed: 14575943]

Akerstrom M, Barregard L, Lundh T, Sallsten G. The relationship between cadmium in kidney and
cadmium in urine and blood in an environmentally exposed population. Toxicology and applied
pharmacology. 2013; 268(3):286-93. [PubMed: 23454399]

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2016 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Quraishi et al.

Appendix:

Page 12

52. Cataldo DA, Wildung RE. The role of soil and plant metabolic processes in controlling trace
element behavior and bioavailability to animals. The Science of the total environment. 1983;
28:159-68. [PubMed: 6683870]

53. Shute T, Macfie SM. Cadmium and zinc accumulation in soybean: A threat to food safety? Sci
Total Environ. 2006; 371(1-3):63-73. [PubMed: 16949649]

54. Akerstrom M, Barregard L, Lundh T, Sallsten G. Variability of urinary cadmium excretion in spot
urine samples, first morning voids, and 24 h urine in a healthy non-smoking population:
implications for study design. J Expo Sci Environ Epidemiol. 2014; 24(2):171-9. [PubMed:
24022669]

55. Suwazono Y, Akesson A, Alfven T, Jarup L, Vahter M. Creatinine versus specific gravity-adjusted
urinary cadmium concentrations. Biomarkers: biochemical indicators of exposure, response, and
susceptibility to chemicals. 2005; 10(2-3):117-26.

56. Kido T, Nogawa K, Ohmichi M, Honda R, Tsuritani I, Ishizaki M, et al. Significance of urinary
cadmium concentration in a Japanese population environmentally exposed to cadmium. Arch
Environ Health. 1992; 47(3):196-202. [PubMed: 1596102]

Short List of WHI Investigators

Program Office: (National Heart, Lung, and Blood Institute, Bethesda, Maryland) Jacques
Rossouw, Shari Ludlam, Dale Burwen, Joan McGowan, Leslie Ford, and Nancy Geller
Clinical Coordinating Center: Clinical Coordinating Center: (Fred Hutchinson Cancer
Research Center, Seattle, WA) Garnet Anderson, Ross Prentice, Andrea LaCroix, and
Charles Kooperberg Investigators and Academic Centers: (Brigham and Women’s Hospital,
Harvard Medical School, Boston, MA) JoAnn E. Manson; (MedStar Health Research
Institute/Howard University, Washington, DC) Barbara V. Howard; (Stanford Prevention
Research Center, Stanford, CA) Marcia L. Stefanick; (The Ohio State University, Columbus,
OH) Rebecca Jackson; (University of Arizona, Tucson/Phoenix, AZ) Cynthia A. Thomson;
(University at Buffalo, Buffalo, NY) Jean Wactawski-Wende; (University of Florida,
Gainesville/Jacksonville, FL) Marian Limacher; (University of lowa, lowa City/Davenport,
IA) Robert Wallace; (University of Pittsburgh, Pittsburgh, PA) Lewis Kuller; (Wake Forest
University School of Medicine, Winston-Salem, NC) Sally Shumaker

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2016 November 01.



Page 13

Quraishi et al.

Author Manuscript

Gimu-L3IN) AnAnow [eatsAud
67 90T 6€°0 ¢s0 ¢oe €0¢€ +0€
L'y 70T ¥S°0 990 0°LE T.E 6°6¢ 01 G¢
84 701 ¢S0 690 L'ce 8¢¢e S¢>
(w/Bx) INg
29 02T 080 180 87 82 riowo
€L L0T w0 690 §'g §9 ouneT/oluedsiH
¢S 76 S€°0 ¢s0 A’ 174’ UedLIBWY/-Uedl/Moe|g
44 90T 150 90 viLL SLL ojuedsiH-uou ‘SHYM
Aoz eoey
v €6 €90 10T 06 06 Jaxows juaiiny
S L0T 650 cL0 €6e ¥S€ IH0WS Ised
(%4 701 €0 6v'0 L'SS 8G9 paxoWS 19NN
snyes Bunjows
9v 70T 190 690 8'¢c 8¢c 6. 010.
84 €01 870 S99°0 L'Sy 85 69 01 09
67 L'0T 6€°0 850 9'8T 981 65 01 GS
TS 80T €v'0 6v'0 0€T 0€T ¥G 010G
(A) uawiyjodus 1e aby
67 01T 850 99'0 §'9e 99€ 1S9\
L'y S'6 €v'0 990 ¥'0€ S0€ yinos
1584 L0T Sv'0 G990 0°€E T€e Ise3
uoifay IHM
L'y €01 €50 90 6'9S 0.S |euoneAlssqo
L'y 90T 144\ €90 Tey (4534 [eUL [edalund
uuy Apms IHM
L'y 70T 050 90 000T 200'T uswom ||
UoIeINSQ PJepUBIS  UB3\  UOIeIASQ pJepuels uesn % N
Aep/brl ‘wniwpes A1elaiq aulueatd B/6r ‘wniwpeo suin

"aAIIRNIU] Y1eaH S,USWOAA :auljaseq 1e sonsiisoeseyd Juedioned pa1os|as 01 Buipiode S|aAs| WNIWpPEeD 181p pue aulin

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2016 November 01.



Page 14

Quraishi et al.

asn juawa|ddns uou|

L't €TT 190 0.0 G§6c  95¢ 8z<
6y 90T 050 190 T AN T/ 8201020
4 70T Tr0 G50 96c LS 61°0 012100
N4 7’6 o 1G0 9€C  9ee 210°0>
(swelb) axeiul joyose Ajreg
L'y 70T €50 S9°0 7’95 G9G +€
87 L0T 970 09°0 LT 81 ZoT
Ty 00T 20 850 61T 61T piAeaBIINN/snoedi| NN
Aued
8'G 80T 6.0 ¥9°0 '8 8 Buissin
6y TOT 950 99°0 0€T  O€T +8§
144 90T  S¥0 €9°0 0Te  TIE G 010G
N4 80T 670 €9°0 9Tz 9T¢ 6Y 01 G
€Y 6'6 €r0 19°0 06T 0ST i 010
87 T0T  6€0 G50 TIT  TIT or>
(A) asnedouawi 1e aby
1A% 70T 9’0 090 A 6.€ Jasnuaund
4 €0T 0S50 99°0 7'ST  ¥ST Jasn 1sed
TG 0T €50 ¥9°0 897 697 pasn JaneN
asn auow.oy [esnedouswisod
Sy TIT 150 090 z1e €lIe Jaybiy Jo syenpesb abajjod
L't 90T S0 €9°0 7'9€ 9 aba]102 awos
L'y L'6 9’0 ¥9°0 €ee vee $59] 0 |00Ys YBIH
paulene |aA3] ummr_m_r_ ,co_umoz_um
L'S 91T €£0 650 9€ 9 Buissin
87 LT 290 L0 06T 06T +0C
9F 90T 870 09°0 v'ee v 0z 01 1T
€Y €0T S0 €9°0 G8c 98¢ 0T 01 €E
L'ty 7’6 60 650 99¢ 992 [
uolelneg pJepuels  Uesl\  UoIeIASQ pJAepurls ues|N % N

Aep/6rl ‘wniwpes A1els1q

auruneald b6 ‘wniwpes suln

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2016 November 01.



Page 15

Quraishi et al.

“(T=U) J8Y10 pUe ‘(2=U) Japuels| d119ed 10 UBISY ‘(0Z=U) SAIIEN BXSB|Y 10 UBIpU| UedLIBWY pastidwod Alofered _QEON

8V 67T cro 650 0'se T8¢ 6781 01 GS6T
43 TTT S50 190 0'G¢ 0S¢ GG6T 01 GEGT
TE 6 G50 S9°0 0'G¢ TS¢ GEGT 01 EGTT
8¢ g9 S¥°0 790 06c 0S¢ 2STT 01009
(p/1ea) axeiul ABiaua [e1oL
L'y €07 50 €9°0 969 169 ON
LY 60T LE0 290 ¥'0€  SOE SBA
UoIIeIASQ PJepuUBlS  UB3JAl  UOIeIASQ pJepuels uesN % N

Aep/6rl ‘wniwpes A1els1q

auruneald b6 ‘wniwpes suln

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2016 November 01.



Page 16

Quraishi et al.

wniwped Aseaip p/b Jad wniwped Areuln m\mzw

‘(T a1qeL Ul paziiobares

se) Ajiied pue ‘uoireanpa ‘asn ulwenARINW ‘uondwnsuod [oyodle Aseiaip ‘Auande [eaisAyd ‘IAIg ‘Audiuyis ‘uoifial [HM ‘wie Apnis |HAA ‘sniels Buijows axeiul ABiaus [e1ol ‘abe oy paisnipe s|apoiN

Author Manuscript

w
020 (8100 ‘¥00°0-) 9000 169 ON
99°0 (¥70°0 '600°0-) €000  SO€ SOA

€0 asn jJuawa|ddns uou|
o (6100 ‘800°0-) 9000  99€ 1S3
89'0 (T10°0 ‘'9T0°0-) €000- SOE yinos
€00 (920°0 '100°0) ¥100  TEE 1se3

850 uoifiay IHM
or'0 (te'0 'v1°0-) 9800 8¢ Jaylo
89°0 (8710°0 ‘£20°0-) G000- &S ouryeT]/otuedsiH
€0 (6200 ‘600°0-) 0T00  ¥¥T  UBdLBWVY-UBdLY/OEIE
€e0 (#10°0 '500°0-) G000  G.L ojuedsiH-uou ‘SHYM

900 Auoruyp3
600 (¥10°0 ‘T00°0-) 9000  8SS SIDOWS JINSN
190 (670°0 '2T0°0-) €000 v (3sedpuaind) sixjows

L0 snyess Bupiows
710 (#10°0 ‘200°0-) 9000  200'T UBLUOM |1V

uonoeJdlul-d  8njeA-d  [eAISIU| BdUBPHUOD 9656 Nn N

‘7(Aep/Bri) winiwped 181p yum (suruesso 6/6M) wniwpes sulin Jo UOIRIOOSSY

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2016 November 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Quiraishi et al. Page 17

Table 3

Association of intake of selected food groups with urine cadmium resulting from stepwise selection applied to
a linear regression model-.

Selected foods (medium servings/day) 52 P-value 95% Confidence Interval
Fruits -0.024 0.08 (-0.051, 0.003)
Vegetables 0.022 0.10 (-0.004, 0.048)
Red meat -0.052 0.11 (-0.115, 0.012)
Nuts 0.121 0.04 (0.006, 0.237)

Model adjusted for age, total energy intake smoking status, WHI study arm, WHI region, ethnicity, BMI, physical activity, dietary alcohol intake,
multivitamin use, education, and parity. Variables input for stepwise selection were fruits, vegetables, fish, red meat, poultry, nuts, grains, dairy.

Zug/g urinary cadmium per daily medium serving of each food item.
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