Journal of Developmental Origins of Health and Disease (2014), 5(4), 281-287.
© Cambridge University Press and the International Society for Developmental Origins of Health and Discase 2014
doi:10.1017/S2040174414000233

ORIGINAL ARTICLE

Association of selenium and copper with lipids in

umbilical cord blood

E. M. Wells'*, A. Navas-Acien>>, B. J. Apelberg4, J. B. Herbstman’, J. M. JarrettG, Y. H. Lin’, C. P. Verdon®,
C. Ward®, K. L. Caldwell®, J. R Hibbeln’, R. U. Halden?®, F. R. Witter’ and L. R. Goldman'®

'School of Health Sciences, Purdue University, West Lafayette, IN, USA

2 Department of Environmental Health Sciences, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA

3 Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA

4Oﬁfe of Policy, Center for Tobacco Products, Food and Drug Administration, Rockville, MD, USA

> Columbia Center for Children's Environmental Health, Columbia University Mailman School of Public Health, New York, NY, USA

S National Center for Environmental Health, Centers for Disease Control and Prevention, Division of Laboratory Sciences, Atlanta, GA, USA
” National Institute of Alcohol Abuse and Alcoholism, National Institutes of Health, Rockville, MD, USA

8 Center for Environmental Security, Biodesign Institute, Arizona State University, Tempe, AZ, USA

? Department of Gynecology and Obstetrics, Johns Hopkins University School of Medicine, Baltimore, MD, USA

10 George Washington University School of Public Health and Health Services, Washington, DC, USA

Altered levels of selenium and copper have been linked with altered cardiovascular disease risk factors including changes in blood triglyceride and
cholesterol levels. However, it is unclear whether this can be observed prenatally. This cross-sectional study includes 274 singleton births from 2004 to
2005 in Baltimore, Maryland. We measured umbilical cord serum selenium and copper using inductively coupled plasma mass spectrometry. We
evaluated exposure levels vis-a-vis umbilical cord serum triglyceride and total cholesterol concentrations in multivariable regression models adjusted for
gestational age, birth weight, maternal age, race, parity, smoking, prepregnancy body mass index, n-3 fatty acids and methyl mercury. The percent
difference in triglycerides comparing those in the highest v. lowest quartile of selenium was 22.3% (95% confidence interval (CI): 7.1, 39.7). For copper
this was 43.8% (95% CI: 25.9, 64.3). In multivariable models including both copper and selenium as covariates, copper, but not selenium, maintained
a statistically significant association with increased triglycerides (percent difference: 40.7%, 95% CI: 22.1, 62.1). There was limited evidence of a
relationship of increasing selenium with increasing total cholesterol. Our findings provide evidence that higher serum copper levels are associated with
higher serum triglycerides in newborns, but should be confirmed in larger studies.
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Elevated selenium concentrations have been linked with
elevated cholesterol and triglyceride concentrations.'*™"” A

few studies have found positive associations between copper
18,19

Introduction

Triglycerides and total cholesterol are risk factors for future

cardiovascular disease. Even among children and young adults, . . . . .

. . . and serum lipids; including a cross-sectional correlation

these risk factors have been associated with the development of . . . S .

.. . 12 e 134 of copper with triglyceride among hyperlipidemic Iraqi
atherosclerosis in both cross sectional ™ and longitudinal 20 ] . .

men.”" Other studies, however, have found inverse relation-

ships.*"** Evidence in newborns is very limited: a study of
selenium supplementation during pregnancy found higher
cord blood triglyceride concentrations among those taking

studies. Improved understanding of determinants of elevated

serum triglycerides and cholesterol could provide additional
opportunities to prevent cardiovascular disease.

Selenium and copper are essential trace elements. Selenium . 1

Ppe . . . supplements,”® and a cross-sectional study found umbilical

as part of selenoproteins, plays a role in protection against . . .

cord serum copper concentrations were positively associated

with triglycerides, but not with total or low-density lipoprotein

(LDL) cholesterol.?*

In prior work, we showed a strong correlation between

oxidative stress, thyroid function and immune function.’
Copper, incorporated into cuproenzymes, plays a role in heme
and iron metabolism, immune function, and glucose

and cholesterol metabolism.®” Although required for good I . 55 .
. . . . umbilical cord copper and selenium;™ however, previous

health, either very low or very high concentrations may result in . S
. : . : 813 studies have only evaluated these elements in isolation instead

poor health outcomes, including cardiovascular disease. ) . )
of simultaneously. The goal of this study was to determine

the joint association between umbilical cord serum selenium
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and copper concentrations with umbilical cord serum trigly-
cerides and total cholesterol in a population of newborns from
Baltimore, Maryland.
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Methods
Study design

We obtained umbilical cord blood samples and medical record
data from 300 singleton births between November 2004 and
March 2005 at the Johns Hopkins Hospital in Baltimore,
Maryland as part of the Baltimore Tracking Health Related to
Environmental Exposures Study. This study was approved by
the Johns Hopkins Medicine Institutional Review Board and
was determined to be exempt from the Health Insurance
Portability and Accountability Act. More details about the
study were described previously.?>

There were 591 singleton births during the data collec-
tion period. Study staff collected 341 umbilical cord blood
samples, of which only 300 had sufficient sample for laboratory
analyses. Twenty-five births were excluded due to missing data
for triglycerides and cholesterol (7 = 4), missing data for
selenium and copper (7 = 12), missing data for n-3 fatty acids
(n =9). A subject with outlier values for total cholesterol,
triglycerides and copper was also omitted, leaving a total of

274 births.

Data collection

Procedures for this study have been described previously.”>

Briefly, trained hospital staff collected umbilical cord blood
from the umbilical cord vein immediately following delivery.
Cord blood was stored for <3 h at 4°C, then study staff
separated samples into whole blood (for methyl mercury) and
serum (for other analytes) and transferred samples to 2 mm
polypropylene tubes prescreened for metals. Samples were
stored at —80°C and were shipped on dry ice. Laboratory
analysis of umbilical cord blood was conducted at the United
States Centers for Disease Control and Prevention (selenium,
copper, methyl mercury, triglycerides, total cholesterol and
cotinine) and the United States National Institute on Alcohol
Abuse and Alcoholism (n-3 fatty acids).

Selenium and copper were measured in umbilical cord
serum with inductively coupled plasma dynamic reaction
cell mass spectrometry (ICP-DRC-MS). Methyl mercury
was measured in whole blood using high performance liquid
chromatography coupled with ICP-DRC-MS. Limits of
detection (LOD) were 5 g/l (selenium), 4 ug/dl (copper) and
0.48 pg/l (methyl mercury). A total of 48 methyl mercury
measurements below the LOD were replaced with LOD/ \/ 2
for analyses.””

Triglycerides and total cholesterol were measured in umbi-
lical cord serum using the same protocol as the CDC’s National
Health and Nutrition Examination Survey: an automated
timed-endpoint method that marks breakdown products of the
lipid and measures their quantity via wavelength absorbance of
the marked product.

Cotinine was measured using liquid chromatography in
conjunction with atmospheric pressure ionization mass spec-

trometry (LOD = 0.015 ng/ml); 26% of samples were below
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the LOD. Cord serum cotinine and information from the
medical record were used to determine smoking status, as
described below. Fatty acids in umbilical cord serum were
measured using fast gas chromatography in an automated
system featuring a robotic apparatus.”®*?’ The ratio of n-3
highly unsaturated fatty acids (HUFAs)/total HUFAs was used
in statistical analyses.

Gestational age, birth weight, maternal age, prepregnancy
body mass index (BMI) and self-reported smoking were
obtained from infant and maternal medical records; a random
10% sample was checked in duplicate for accuracy. Pre-
pregnancy BMI was calculated from the most recent maternal
height and weight before pregnancy from the maternal medical
record. For mothers with missing height (z = 3), prepregnancy
weight (n = 7), or both (z = 1), we imputed these data using
multivariable regression models that controlled for placental
weight, weight gain during pregnancy, race, education, height
and prepregnancy weight.”® We defined smoking as a report of
smoking during pregnancy in the medical record or umbilical
cord serum cotinine >10 ng/ml.

Data analyses

Statistical analyses were completed using Stata 11.2 (College
Station, TX). Triglycerides, total cholesterol, mercury, and
copper all had log-normal distributions. Therefore, these were
described using geometric means and natural-log transformed
for analyses, where appropriate. Linear regression, Student’s
ttests, one-way ANOVAs and nonparametric smoothing
(lowess) curves were used for bivariate analyses. Quartiles were
used for exposure variables in regression analyses. Linear
regression models on log-transformed triglyceride or total
cholesterol concentrations were used to estimate the percent
difference of lipid concentrations comparing quartiles 2—4 v.
the lowest quartile of selenium or copper.

Relevant confounders were identified based on previous
work, #1212 a5 well as exploratory data analysis within this
data set. Methyl mercury and n-3 fatty acids were included as
potential confounders for effects of selenium as they share an
exposure source (fish or seafood consumption), there are some
indications that they affect cardiovascular health, and they may
also affect each other.’"??

Quadratic terms were used for gestational age and maternal
prepregnancy BMI based on nonparametric smoothing curves
of these variables with the outcomes. Triglyceride concentra-
tions can be dependent on fasting. While fasting duration
before delivery was not available, women are not allowed to
eat during delivery and our results remained unchanged after
further adjustment for duration of labor.

We modeled metal exposures in relation to blood lipids
using the following sets of potential confounding variables:
(1) gestational age; (2) further adjusted for maternal age,
maternal race, parity, maternal smoking during pregnancy,
prepregnancy BMI, n-3 HUFAs/total HUFAs and methyl
mercury; and (3) further adjusted for either selenium or copper.
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Results

The study population is described in Table 1. Mothers were, on
average, 25.8 (95% confidence interval (CI): 25.0, 26.6) years old
and 20.4% were under 20. There were 70.8% African Americans,
25.1% Caucasians and 7.7% Asian Americans. Before pregnancy,
24.1% of mothers were overweight and 24.1% were obese.

Geometric mean umbilical cord serum triglyceride was
34.5 mg/dl (95% CI: 32.9, 36.3) with a range of 13.3-110.4
mg/dl. Geometric mean total cholesterol was 64.6 mg/dl (95%
CI: 62.5-66.7) with a range of 30.1-145.6. In bivariate analyses,
higher cord blood serum triglyceride concentrations were asso-
clated with higher gestational age, prepregnancy BMI, n-3
HUFA/total HUFAs, primiparity, selenium, and copper. Higher
total cholesterol concentrations were associated with lower
gestational age, birth weight and n-3 HUFA/total HUFA ratio.
Results were similar for the relationship between n-3 HUFA/total
HUFA and selenium or cholesterol when the fatty acid ratio was
included in multivariable models (data not shown).

After adjustment for gestational age, birth weight, maternal
age and race, primiparity, prepregnancy BMI, smoking, n-3
HUFAs/total HUFAs and methyl mercury, umbilical cord tri-
glyceride concentrations increased with increasing cord blood
selenium or copper quartiles (Table 2, model 2). However, in
models which also included both selenium and copper, only
copper was associated with significantdy higher triglycerides
(Table 2, model 3).

There was a significant trend in adjusted models for sele-
nium and total cholesterol (Table 3, model 2); however none of

Table 1. Participant characteristics, THREE study, 2004—2005
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the associations for selenium and total cholesterol by quartile
of selenium were significant and the trend was not significant
after adjustment for copper. There was also a borderline
significant test for trend for the association of copper with total
cholesterol in an adjusted model (Table 3, model 2), but not
after adjustment for selenium (Table 3, model 3).

Discussion

This study shows a positive association of selenium and copper
with triglycerides in umbilical cord serum. However, in models
including both selenium and copper, only the association
between copper and triglycerides remained statistically signi-
ficant. For total cholesterol, we see a significant or borderline
significant (2<0.10) test for trend in adjusted models for
selenium and copper, respectively; but not after models are
adjusted for both selenium and copper. These results add
valuable information regarding these compounds at an early
stage of development, and suggest that simultaneous examina-
tion of multiple micronutrients may be beneficial in fully
understanding the relationships between micronutrients and
cardiovascular risk factors.

Selenium and copper are both essential nutrients and for
optimal health their concentrations need to remain within a
certain range. While the beneficial ranges for selenium and
copper in adults are fairly well understood, relatively lictle
information on optimal concentrations of these micronutrients
in umbilical cord blood is available. Selenium concentrations

Population
Characteristic Q4 triglycerides® Q4 Total cholesterol® Entire cohort
n (%) 68 (24.8) 68 (24.8) 274 (100)

Maternal age (years); mean (95% CI)

African American mothers; % (95% CI)®

Maternal smoking; % (95% CI)

Primiparity; % (95% CI)

Maternal prepregnancy BMI (kg/m?); mean (95% CI)
Gestation (days); mean (95% CI)

Birth weight (g); mean (95% CI)

n-3 HUFAs/total HUFAs; mean (95% CI)

Methyl mercury (pg/l); geometric mean (95% CI)
Selenium (pg/1); mean (95% CI)

Copper (pg/dl); geometric mean (95% CI)
Triglycerides (mg/dl); geometric mean (95% CI)
Total cholesterol (mg/dl); geometric mean (95% CI)

26.0 (24.4, 27.6)
64.7 (52.4, 75.3)
17.6 (10.1, 28.9)
58.8 (46.5,70.1)
28.5 (27.1, 29.9)

273.4 (269.1, 277.6)

3162 (3105, 3309)
18.9 (17.9, 19.9)
0.95 (0.77, 1.17)
72.7 (69.5, 75.9)
47.7 (43.5,52.2)
61.1 (57.8, 64.6)
70.1 (65.2, 75.3)

26.3 (24.7, 27.9)
73.5 (61.5, 82.8)
16.2 (9.1, 27.2)

38.2 (27.2, 50.6)
26.8 (25.3, 28.3)

264.8 (260.0, 269.6)
3093 (2928, 3258)

17.0 (16.2, 17.9)
1.13 (0.92, 1.38)
71.6 (68.4, 74.8)
37.6 (33.7, 42.0)
39.2 (35.2, 43.7)
92.1 (88.5, 95.8)

25.8 (25.0, 26.6)
70.8 (65.1,75.9)
18.2 (14.0, 23.3)
42.3 (36.6, 48.3)
26.4 (25.6,27.2)
271.8 (270.2, 273.5)
3192 (3124, 3260)
18.1 (17.6, 18.5)
1.05 (0.96, 1.15)
69.8 (68.3, 71.2)
38.6 (36.7, 40.5)
34.5 (32.9, 36.3)
64.6 (62.5, 66.7)

THREE, Tracking Health Related to Environmental Exposures; CI, confidence interval; BMI, body mass index; HUFA, highly unsaturated

fatty acid; Q4, fourth quartile.

*Umbilical cord serum triglycerides > 46.0 mg/dl; umbilical cord serum total cholesterol > 77.7 mg/dL.

P Percent of Caucasians was Q4 triglycerides: 27.9 (95% CI: 18.4, 40.0); Q4 total cholesterol: 25.0 (95% CI: 16.0, 36.9); entire cohort: 21.5
(95% CI: 17.0, 26.8). Percent of Asians was Q4 triglycerides: 7.4 (95% CI: 3.0, 16.8); Q4 total cholesterol: 1.5 (95% CI: 0.2, 10.2); entire cohort:
7.7 (95% CI: 5.0, 11.5).
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Table 2. Percent difference (95% confidence interval) in cord serum triglyceride by increasing quartile of selenium or copper, THREE study 2004—2005,

n=274
Model Q1 Q2 Q3 Q4 Test for trend®
Selenium (pg/l) 42.0-62.0 63.0-69.0 70.0-78.0 79.0-114.0
Model 1° 1.00 (referent) 7.6 (=5.9, 23.1) 11.0 (=2.9, 27.0) 242 (8.1, 42.6) 0.008
Model 2°¢ 1.00 (referent) 11.8 (-1.1, 26.5) 13.1 (-0.1, 28.2) 22.3(7.1,39.7) 0.005
Model 3c¢ 1.00 (referent) 6.1 (-5.9, 19.6) 5.5 (-6.7,19.2) 6.3 (-7.5,22.2) 0.457
Copper (ng/dl) 12.1-28.4 28.5-38.0 38.1-51.6 51.7-109.0
Model 1° 1.00 (referent) 12.4 (-1.2, 28.0) 28.6 (12.7, 46.8) 50.6 (31.6, 72.2) <0.001
Model 2°¢ 1.00 (referent) 15.9 (2.6, 30.8) 30.3 (14.8, 48.0) 43.8 (25.9, 64.3) <0.001
Model 3d 1.00 (referent) 15.0 (1.8, 30.0) 27.8 (11.7, 46.2) 40.7 (22.1, 62.1) <0.001

THREE, Tracking Health Related to Environmental Exposures; Q1, first quartile; Q2, second quartile; Q3, third quartile; Q4, fourth quartile;

HUFA, highly unsaturated fatty acid.

*Based on regression model using selenium or In(copper) instead of quartiles.

® Adjusted for gestational age (quadratic).

“Adjusted for gestational age (quadratic), maternal age, maternal race, maternal smoking, primiparity, low birth weight, prepregnancy body mass

index (quadratic), n-3 HUFAs/total HUFAs, and In(methyl mercury).

dAdjusted for variables in Model 2 as well as (3¢) In(copper) or (3d) selenium.

Table 3. Percent difference (95% confidence interval) in cord serum total cholesterol by increasing quartile of selenium or copper, THREE study

2004-2005, n = 274

Model Q1 Q2 Q3 Q4 Test for trend”
Selenium (pg/l) 42.0-62.0 63.0-69.0 70.0-78.0 79.0-114.0
Model 1° 1.00 (referent) 2.7 (-5.8, 11.9) 3.3 (=5.3, 12.6) 6.4 (=2.7,16.2) 0.038
Model 2°¢ 1.00 (referent) 3.4 (-5.2,12.8) 2.5(-6.2,11.9) 7.9 (-1.7, 18.5) 0.035
Model 3¢¢ 1.00 (referent) 2.3 (-6.3,11.7) 1.0 (-7.7, 10.5) 4.9 (-5.2,16.2) 0.132
Copper (ug/dl) 12.1-28.4 28.5-38.0 38.1-51.6 51.7-109.0
Model 1° 1.00 (referent) 1.4 (-7.1,10.7) 7.2 (-1.9,17.3) 3.0 (6.0, 12.8) 0.222
Model 2°¢ 1.00 (referent) 2.1 (6.6, 11.5) 10.6 (0.8, 21.3) 6.7 (-3.2,17.6) 0.062
Model 3d¢ 1.00 (referent) 1.2 (7.4, 10.6) 8.0 (2.0, 19.2) 3.9 (6.3, 15.2) 0.254

THREE, Tracking Health Related to Environmental Exposures; Q1, first quartile; Q2, second quartile; Q3, third quartile; Q4, fourth quartile;

HUFA, highly unsaturated fatty acid.

"Based on regression model using selenium or In(copper) instead of quartiles.

® Adjusted for gestational age (quadratic).

“Adjusted for gestational age (quadratic), maternal age, maternal race, maternal smoking, primiparity, low birth weight, prepregnancy body mass

index (quadratic), n-3 HUFAs/total HUFAs and In(methyl mercury).

dAdjusted for variables in model 2 as well as either (3¢) In (copper) or (3d) selenium.

are known to vary geographically, in large part due to differ-
ences in selenium content in soil and subsequently in the
diet.”® In the United States, the majority of the population
is selenium—replete;14 therefore, slight increases of selenium
may be sufficient to exceed the range of selenium’s beneficial
effect. To date, however, scientific evidence for this has been
mixed.!”?4

We observed a positive relationship between selenium and
triglycerides or total cholesterol, but this relationship did not
persist after controlling for copper. Several cross-sectional stu-
dies conducted in adult populations from the United States or
Western Europe report positive relationships between selenium

and triglycerides,"*'®'** including one among newborns,?
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or selenium and cholesterol."*7"'*% However, other studies
did not see a relationship of selenium with triglycerides®® or
found an inverse relationship of selenium with triglycerides and
cholesterol.?” Tt has also been suggested by a few researchers
that the relationship between selenium and cardiovascular risk
factors may depend on whether the selenium was derived from
fish sources v. non-fish sources such as nuts.***° These studies
suggested that non-fish sources were not related to increases in
cardiovascular risk factors.

Longitudinal studies of selenium and lipids have recently
been published. A short-term selenium supplementation trial
among United Kingdom adults found selenium related to a
reduction in total and non-high-density lipoprotein (HDL)
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cholesterol; however, this seemed to be attenuated at higher
levels of supplementation.*' Additionally, a Cochrane review
of selenium supplementation trials, most of which did not
include lipids as a primary outcome, did not find evidence
of a relationship between selenium and cholesterol or trigly-
cerides.>®*? Interestingly, two recent cohort studies among
Finnish youth®® and adult Italian males* both found positive
associations of selenium with cholesterol on a cross-sectional,
but not longitudinal basis.

We report a significant positive relationship between copper
and triglycerides, but did not observe a relationship between
copper and total cholesterol among newborns. This is consistent
with a study conducted among Spanish newborns®® and a cross-
sectional study among hyperlipidemic Iragi men,*® although
there was no correlation between copper and triglycerides
among controls in the Iraqi study. Several other studies in
children or adults have found positive relationships between
copper and several forms of cholesterol,'”” HDL cholesterol,'”
or an unfavorable lipid profile (LDL/HDL >2.2).% However,
other studies among adults report inverse associations between
copper and cholesterol*' or no relationship between copper and
triglycerides'™>'”4*%> or cholesterol.*>4®

A few studies in adult populations have evaluated both sele-
nium and copper with respect to lipid concentrations.'>'*** In
Lebanese adults, both selenium and copper were correlated with
total cholesterol but only selenium was correlated with trigly-
cerides."” Portuguese men with hyperlipidemia had higher sele-
nium concentrations but lower copper concentrations compared
to controls, with no differences among women.>? In adults from
the United Kingdom, HDL cholesterol was positively related
to copper and total cholesterol positively related to selenium
concentrations in multivariable analyses.'” The comparison with
our findings, however, is uncertain because those studies did not
adjust for the other metal, two of them did not adjust for other
key variables'>** and they were conducted in adult instead of
newborn populations. Average concentrations of selenium
and copper differ substantially between adults and children and
the relationship of these micronutrients with lipids could be
lifestage dependent.

Some results from our regression models (Tables 2—-3) have a
statistically significant test for overall trend of triglycerides or
cholesterol levels across quartiles of selenium and/or copper,
while comparisons of the second, third and/or fourth quartile ».
the lowest quartile levels were not statistically significant, as
confidence intervals included zero. This suggests that the
overall magnitude of changes we observed were perhaps too
small and too variable to be observed for the numbers of indi-
viduals in each quartile (68), but large enough to be detected by
a trend test that incorporates the entire range of exposures and
therefore has more statistical power.

One limitation of this study is that we did not have access
to some variables which may have been useful in analyses.
Specifically, maternal blood samples were not collected; and
laboratory analysis of zinc, chromium, HDL cholesterol or
LDL cholesterol were not available. In particular, several
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studies have reported different results for HDL cholesterol in
comparison with total cholesterol or LDL cholesterol for both
selenium'”'**% and copper'” as we do not have HDL and
LDL measurements we are unable to directly compare our
results to this work.

Promotion of healthy serum lipid concentrations, a major
risk factor for cardiovascular disease, is an important public
health goal. Our findings indicate that at birth, higher trigly-
ceride concentrations in umbilical cord blood are associated
with elevated copper concentrations and maybe also with ele-
vated selenium. Our work adds important early life evidence to
a growing body of evidence on the relationship between trace
metals and lipid concentrations.
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