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ABSTRACT

Background Micronutrients are potentially important determinants of adult outcomes such as educational attainment. Copper and zinc have
known effects on several medical conditions and cognitive development. Elevated copper and depressed zinc is a common trace metal imbalance.

Methods \We estimate the correlation between the copper/zinc ratio (Cu/zn) in childhood (year 1980) and educational attainment in adulthood
(year 2010). We use the Young Finns Study (YFS) combined with the Finnish Linked Employer-Employee Data (FLEED). The regression models
account for confounders such as other biomarkers and parental observables.

Results We report a sizeable, negative correlation between Cu/Zn and educational attainment as measured by education in years, grades as well

as the likelihood of completing university education. For example, a one standard deviation increase in Cu/Zn decreases the probability of
university education by ~4%.

Conclusions The findings are consistent with a Cu/Zn effect influencing cognitive functioning early in life. Future research should explore more
deeply the precise mechanisms by which Cu/Zn affects educational attainment.

Keywords copper—zinc ratio, educational attainment, grade point average score

Introduction The need for zinc is higher in stages of rapid growth such as

. 6 . .
. .. . . infancy, adolescence and pregnancy.” Copper is essential for
Childhood conditions are important for health outcomes in ¥ pregnancy PP

adulthood. Cognitive, non-cognitive and health endowments
developed by the age of 10 are significant determinants of
health differences at age 30, and patental background partly
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determines subsequent education and lifestyle choices.! ~* v L N O IR | e
The contribution of micronutrients to the determination of Jorma Viikari, Professor
adult outcomes is under-researched. Two essential trace metals, Terho Lehtimiki, Professor
zinc and coppet, provide an interesting case for multiple reasons. Erkki Vuori, Professor
First, zinc activates several hundred different enzymatic Liisa Keltikangas-Jirvinen, Professor
reactions that are important to life and biological activity.” I Literienl, |Proilsten

Zinc is involved in the nervous system and brain function. Jaaldko Pehkonen, Professor
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maintaining the strength of the skin, blood vessels, epithelial
and connective tissue throughout the body.® FElevated
copper is known to induce toxic effects. Although zinc tox-
icity is also possible, it is far more common to have zinc defi-
ciency and copper toxicity.

Second, elevated copper and depressed zinc is one of the
most common trace metal imbalances. The normal coppet/
zinc (Cu/Zn) ratio, in children and adults, is close to 1:1.”'
Imbalances may occur for many reasons. A key determinant
of both copper and zinc intake is diet. Organ meats, nuts and
seeds, chocolate and shellfish have the highest copper
content. The richest food sources of zinc include oysters and
meat (e.g beef, veal, pork and lamb)."" The prevalence for
zinc deficiency worldwide is estimated to be higher than
20%."* Zinc supplementation may be useful in some specific
situations. " Every doubling of Zn intake increases Zn serum
concentration only by 6%."* Copper and zinc concentrations
are also influenced significantly by physiological conditions
such as age and gender as well as malabsorption, inflamma-
tory condition and genetics.'> "'

Third, copper and zinc are vital in humans’ cellular metabol-
ism but, according to a review of the medical literature, ‘the
ratio of copper to zinc is clinically more important than the
concentration of either trace metal’® The ratio of copper to
zine, rather than the absolute amount of copper or zinc in the
body alone, makes it possible for enzymes to function proper-
Iy* Elevated copper levels, especially when zinc levels are
also low; may also contribute to medical conditions such as
schizophrenia, hypertension, autism, fatigue, muscle and joint
pain, headaches, childhood hyperactivity, depression, insomnia,
senility and premenstrual syndrome.'” The Cu/Zn ratio has
also been related to childhood neurological disorders.”
Furthermore, elevated Cu/Zn ratios have been found among
assaultive individuals.'’

Fourth, there is no prior literature linking copper and zinc to
economic outcomes such as education although micronutrients
may affect educational outcomes via their effects on cognitive
function. In particular, zinc has been linked to synaptic plasti-
city and is thus important for leaming.zofz2 Zinc deficiency
may also have an influence on cognitive development by altera-
tions in attention, activity, neuropsychological behavior and
motor development.z3 The long-term effects of zinc supple-
mentation on overall cognitive development have not been
proven to be significant but specific aspects of cognitive func-
tioning may be positively affected® Serum samples from
patients with Alzheimer and mild cognitive impairment suggest
that aluminium and labile forms of copper were increased in
demented patients, while zinc was reduced.”® Clinical evidence
points to the use of copper chelators as protective factors

against Alzheimer disease.?®

Methods

Data sources and the sample

We use longitudinal research design based on linked data. The
data on biomarkers, GPA (Grade Point Average) scores and
family background ate drawn from the Cardiovascular Young
Finns Study (YFS). (The YFS is described at http://
youngfinnsstudy.utu.fi/studydesign.html) The YFS began in
1980 when 4320 participants in six age cohorts (aged 3, 6, 9,
12, 15 and 18) were randomly chosen from five Finnish uni-
versity regions using the national population register.27 A total
of 3596 persons participated in the study in 1980 and 7
follow-up studies have been conducted, most recently in
2011-2012. Because the participants were chosen randomly,
the data may contain children with specific conditions such as
autism and ADHD.

To obtain register information on educational attainment we
linked the YFS to the Finnish Longitudinal Employer-
Employee Data (FLEED) of Statistics Finland (SF) using
unique personal identifiers. This is exact matching and there
are no misteported ID codes. FLEED includes information
on individuals’ educational attainment taken directly from com-
prehensive administrative registers that are maintained by SE

Measures

The serum Cu/Zn ratios in YFS were obtained in 1980 when
the participants were 3 to 18 year old. Serum copper and zinc
concentrations on 3142 children were determined based on
fasting samples taken between 9 and 11 a.m. The samples
were collected by venipuncture in acid-washed test tubes, and
after clot separation the serum was frozen and stored at
—18°C. The copper and zinc concentrations wete determined
by using the flame technique of atomic absorption spectropho-
tometry and the single dilution method.”® The Cu/Zn ratios
were also obtained in 1983 for a subsample of males (cohorts
2—4, n = 592). The seven other biomarkers (height, body fat,
pulse, diastolic blood pressure, logarithm of triglyceride, insulin
and logarithm of urine creatinine) were obtained in 1980 based
on physical measurements and blood tests. These biomarkers
are available for the total sample.

We use three outcome variables for educational achieve-
ment. We use two register-based measures, namely the years
of completed education and an indicator for those who have
completed tertiary education (i.e. polytechnic or university
degree), based on the highest obtained degree from FLEED
in 2010. The years of education are obtained by transforming
the degrees into the yeats of education, using official estimates
of SF for completing a specific degree. The third measure,
GPA is based on self-reported information.”” It was obtained
from the YFS for the youngest cohorts 1—4 in 1989, 1980,
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1983 and 1980, respectively, when the participants were 12
years old. The GPAs are the means of grades (4 = failed,
10 = excellent) in several subjects in annual school reports in-
cluding theoretical subjects, physical education and arts. We
are not able to examine the heterogeneity by the type of
subject for the GPA.

To account for parental background, we link the YFS to
the Longitudinal Population Census (LPC) of SF from the
year 1980. As family background variables we use indicators
for parents’ university-level education and the family’s total
annual income in 1980. Houschold total income is related to
the composition of food intake that is an important determin-
ant of the Cu/Zn ratio.

Statistical methods

There are two elements in our analyses. First, we run educa-
tional attainment models for the three outcomes noted above.
The baseline models for the years of education are estimated
using ordinary least squares (OLS). For completing polytech-
nic or university education, we estimate a linear probability
model using OLS. In these models we control for gender,
birth cohort and birth month—all clearly predetermined vari-
ables. Second, we run robustness tests that account for poten-
tial confounders.

We measure Cu/Zn in 1980 and register-based educational
achievement in 2010. An advantage of this temporal ordering
of our key measures is that it lessens reverse causality con-
cerns. There remain potential concerns related to omitted-
variable bias and measurement error in Cu/Zn.

Omitted-variable bias is caused by a variable that is corre-
lated with the dependent and the explanatory variable of
interest, but is unobservable to the analyst, so it cannot be
included in the regression. In our longitudinal research setting
it is possible that Cu/Zn at least partly reflects parental back-
ground while having no independent effect on subsequent
education attainment, raising concerns about the causal inter-
pretation of the baseline OLS estimates. We therefore link the
YES data to the LPC of SF containing comprehensive retro-
spective information on parents’ education and income level.
We use this information to account for intergenerational cor-
relation in the choice variables. Parental background is prede-
termined for offspring;

Instrumental variable estimation is able to cortrect the
measurement error bias if measurement error is classical.
Measurement error in an independent variable would result in
consetvative (OLS) estimates for the effect of Cu/Zn on sub-
sequent educational attainment. In our context measurement
error may atise due to the fact that Cu/Zn measured at a
single point in time is not an exhaustive measure of the ratio

from a lifetime perspective. Thus, the attenuation bias caused
by random measurement error in Cu/Zn would bias the esti-
mate towards zero. For these reasons, we have also used Cu/
Zn measured in 1980 as an instrument for Cu/Zn in 1983.
Our IV approach does not mitigate omitted-variable bias
unless the omitted variable is correlated only with the 1983
measure. Thus, we do not use IV to establish causal inference
but only to tackle potential measurement etror in Cu/Zn.

Results

Table 1 reports the average Cu/Zn ratios, the average yeats of
education, the share of individuals who have completed ter-
tiary education and the average GPA at the age of 12.
Women, on average, have higher Cu/Zn ratios and higher
educational achievements relative to men. The null hypothesis
of equal group means was rejected at the 5% level.

Next we turn to the relationships between childhood
copper and zinc and educational achievement later in adult-
hood. There is a substantial variation in the Cu/Zn ratio
between individuals (Fig. 1, Panels C—D). We find statistically
significant unconditional raw correlations between education
years with copper and Cu/Zn (Fig. 1A and C). To establish
the conditional correlations, estimation of a full-fledged re-
gression model is required to account for variations related to
factors such as gender and cohort that are well-known deter-
minants of the amount of copper and zinc in the body,
according to the medical literature. '

We first estimated models in which copper and zinc levels
were entered separately in the same specification. The associ-
ation between copper and education years is negative and the
relationship between zinc and education years is positive.

Table 1 Mean values and standard deviations of the key variables.

Total sample Females Males
(n=3142) (n=1563) (n=1579)
Copper/zinc ratio 1.26(0.31) 1.27(0.31) 1.24(0.31)
(1980)
Years of education 13.41(2.85) 13.91(2.70) 12.92(2.91)
(2010)
University education 0.28(0.45) 0.32(0.47) 0.24(0.43)
indicator (2010)
GPA at the age of 12 7.84(0.74) 8.06 (0.69) 7.62(0.74)

Standard deviations are reported in parentheses. The copper/zinc ratio
was obtained in 1980 when the participants were 3, 6,9, 12, 15and 18
years old. Register-based education is measured in 2010.

GPA, grade point average.
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Fig. 1 The unconditional raw correlations between copper and zinc and educational outcomes. Notes: The 95% confidence level is shaded. The correlation

coefficients are reported in parentheses. Significant at **5% level. Copper and zinc are measured in 1980. Education years are measured in 2010.

Both of these associations are statistically significant (Table 2,
Column 1). The coefficients for gender, cohort and birth
month indicators cannot be constrained to zero, according to
the F-test.

Because the medical literature has stressed the role of Cu/
7n ratio,8 we focus on the effects of Cu/Zn on educational
achievement in adulthood from Column 2 onwards. The data
do not reject the Cu/Zn ratio restricton: F-test (1, 3122) =
0.29. Thus, we can use the Cu/Zn ratio as the explanatory
variable and exclude the level effects for copper and zinc. We
use the Cu/”Zn ratio as a continuous variable in the models,
because there ate no commonly accepted thresholds for the
Cu/Zn ratio.

We find that the Cu/Zn ratio is negatively related to educa-
tional attainment (Table 2, Column 2). The relationship is
statistically significant at the 1% level (a two-sided test). The
quantitative magnitude of the effect of the Cu/Zn ratio is
substantial, relative to the average years of education in the
population (Table 1). The point estimate implies that one
standard deviation increase in the Cu/Zn ratio is associated
with a ~0.30 decrease in the years of completed education.

Given the potential for biomarker effects to differ by
gender we ran estimates separately by sex. The point estimates

are almost identical for men and women (Table 2, Columns
3—4). We also confirm that the negative relationship between
the Cu/”Zn ratio and educational achievement is robust to
controlling for other biomarkers (Table 2, Column 5).

We test the sensitivity of the baseline result using alternative
measures for education. Reassuringly, the negative effect
of Cu/Zn ratio on educational outcomes remains intact
(Table 2, Columns 6—7). The point estimate implies that one
standatrd deviation increase in Cu/Zn decreases the probabil-
ity of completing university education by ~4% (Table 2,
Column 6). Again this is a sizeable effect. Likewise, a one
standard deviation increase in the Cu/Zn ratio is associated
with a statistically significant 0.05 point decrease in the GPA
at age 12 (Table 2, Column 7). Because for the 4th age cohort
GPA and the Cu/Zn ratio are measured simultaneously, we
have also estimated the model without including it. The point
estimate changes only slightly (—0.222%%F),

The negative association remains also intact in the models
that control for parental background using information from
the LPC (Table 3, Columns 1-2). Thus, the social environ-
ment of the child does not seem to be particulatly important
for the correlation. The point estimates are only slightly lower
than without controlling for parental background. We have



Table 2 The baseline estimation results.

The dependent variable is the years of education except in Columns 6 and 7. Statistically significant at ***1% level. Heteroskedasticity-robust standard errors are reported in parentheses. The 95% Cls
for the parameter estimates are reported in square brackets. The other biomarkers used in Column 5 are height, body fat, pulse, diastolic blood pressure, logarithm of triglyceride, insulin and logarithm

of urine creatinine all measured in 1980.
OLS, ordinary least squares.
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Table 3 Additional estimation results.

(1) @) 3) )
Education years Education years Education years Education years (1V)
(oLS) (OLS) (OLS)

Copper/zinc ratio

—0.824***(0.167)

—0.877***(0.174)

—1.041** (0.505)

—2.461**(1.212)

[=1.151, —0.496] [-1.218, —0.537] [-2.032, —0.049] [—4.836, —0.085]

Controls

Parents’ education X

Family income X
Gender X X X X
Cohort X X X X
Birth month X X X X
R? 0.1232 0.1092 0.0328
N 3142 2947 538 538

The dependent variable is the years of education. Significant at **5%, and ***1% level. Heteroskedasticity-robust standard errors are reported in

parentheses. The 95% Cls for the parameter estimates are reported in square brackets. In Columns 1-2 parental years of education and family income are

obtained from the LPC of SF (the year 1980). In Column 3 the copper/zinc ratio is measured in 1983. In Column 4, the Cu/Zn ratio in 1983 is instrumented

with the Cu/Zn ratio obtained in 1980.

estimated the models using self-reported information from
the YFS data on parental background as well. The results
remain intact.

Instrumental variable estimation (Table 3, Column 4) is
based on the correlation of the Cu/Zn ratios in 1980 and
1983. The Cu/Zn ratios are strongly positively cotrelated
across the years. The correlation coefficient between Cu/Zn
in 1980 and 1983 for males is 0.441%** The first-stage
Fhstatistics of a regression of instrumented variable on instru-
ment is 18.38. The F-test statistics are therefore well above 10,
the commonly accepted threshold proposed for a weak instru-
ment.”’ The validity of instrument is based on the classical
measurement error assumption of non-correlated measure-
ment errors in different years.

Reassuringly, the negative relationship between Cu/Zn and
educational achievement remains intact in a much smaller
sample using IV estimation. The IV point estimate is larger than
the corresponding baseline OLS estimate (Table 3, Column 4).
But the IV estimate has a much larger 95% confidence interval
from —4.836 to —0.085 such that the OLS point estimate is
included in the 95% confidence interval of the IV estimate.

It is important to understand the mechanism behind the cor-
relation more deeply. To this end, we estimated a set of additional
models using the specification in Column 2 of Table 2 in which
we added controls for potential confounders (depression mea-
sured using Beck Depression Inventory in 1992, cognitive devel-
opment using Cambridge Neuropsychological Test Automated
Battery in 2001—12, BMI in 1980 and C-reactive protein as a
biomarker for inflammation and infection in 1980) that may be

related to the correlation. The correlation between Cu/Zn in
childhood and educational attainment in adulthood remains
intact in all these specifications despite the fact that some of
these measures are only available for subsamples of the original
YES data. For example, the estimate for Cu/Zn is —0.927#%*
and —0.840%¥F while controlling for the Beck Depression
Inventory (1992) and the amount of C-reactive protein (1980),
respectively.

Discussion

Main finding of the study

Using longitudinal research design in which the Young
Finns Study (YFS) is combined with the Finnish Linked
Employer-Employee Data (FLEED) we show that the Cu/
Zn ratio in childhood is negatively associated with education
attainment in adulthood. Those with higher Cu/Zn ratio have
lower grade point average scores at age 12, fewer years of
schooling, and a lower likelihood of university education. The
effects are sizeable. For example, a one standard deviation in-
crease in the Cu/Zn ratio decreases the probability of com-
pleting polytechnic or university education by ~4%. 14.6%
of children were above one standard deviation away from the
mean in the Cu/Zn ratio in 1980.

What is already known for this topic
Childhood conditions are important for health in adulthood.
The role of micronutrients in the determination of adult out-

comes is under-researched.
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What this study adds

Our paper is the first population-based study examining the
links between the Cu/Zn ratio in childhood and educational
outcomes in adulthood. Although it is unclear from our study
why Cu/Zn imbalance should affect educational attainment
early in life, we can discount a number of mechanisms since
proxies for them do not affect the significance or the size of
the Cu/Zn effect. These include parental background and
other biometric markers that are often unobservable to the
analyst.

Limitations of this study

We were not able to identify the precise mechanism by which
the Cu/Zn ratio affects educational attainment in childhood.
However, the findings are consistent with a Cu/Zn effect in-
fluencing cognitive functioning early in life.

We were not able to examine the heterogeneity by the type
of subject for the GPA. It is possible that the Cu/Zn ratio is
particulatly strongly correlated with some specific component
of GPA.

Cu/Zn imbalance needs to prevail for a long period of
time before having a large effect in adulthood. A transient
zinc deficiency or Cu/Zn imbalance may be present, especial-
ly after infections or a period of low dietary intake.

An important limitation of our study is that the YFS data
contain only two measurements for Cu/Zn (1980 and 1983).
The fact that we are still able to identify a statistically signifi-
cant correlation strengthens our conclusion, because classical
measurement error leads to conservative estimates.

There are some conditions known to be linked to Cu/Zn
imbalance which are age-dependent and for which we have
no proxies. For instance, low levels of zinc in childhood are
associated with a range of behavioural disorders such as atten-
tion deficit disorder, as well as lethargy and apathy, many of
which will not reach into adulthood.

Future research could fruitfully explore whether these are
the mechanisms by which Cu/Zn affects educational attain-
ment in adulthood. This is particularly important since it is
possible to over/underdose both Cu and Zn. Thus, deeper
knowledge of mechanisms is needed in order to draw policy
conclusions and public health guidelines to determine Cu/Zn
that is not in an optimal range.

Ethical approval

All participants of the YES. provided written informed
consent, and the study was approved by local institutional
review boards (ethics committees of the participating univer-
sities). Parents or guardians provided written informed
consent on behalf of the under-aged children enrolled in the

study. The use of linked YFS/FLEED data has been
approved by Statistics Finland. The population-based data are
analysed in an anonymous form using the remote access of
Statistics Finland.

Acknowledgements

We wish to thank Simon Lovestone, Vera Mikkili and Rich
Seiter for comments and discussions.

Conflict of interest

The authors report no conflicts of interest. The authors alone
are responsible for the content and writing of the paper.

Funding

The Young Finns Study has been financially supported by the
Academy of Finland: grants 134309 (Eye), 126925, 121584,
124282, 129378 (Salve), 117787 (Gendi) and 41071 (Skidi), the
Social Insurance Institution of Finland, Kuopio, Tampere and
Turku University Hospital Medical Funds (grant 9N035 and
X51001 for Teleht), Juho Vainio Foundation, Paavo Nurmi
Foundation, Finnish Foundation of Cardiovascular Research and
Finnish Cultural Foundation, Tampete Tubetculosis Foundation
and Emil Aaltonen Foundation. The use of linked data is sup-
ported by the Palkansaaja Foundation. Jutta Viinikainen and
Jaakko Pehkonen acknowledge the financial support from the
Yrj6 Jahnsson Foundation (grants 6664 and 6646).

References

1 Heckman J]. Policies to foster human capital. Res Eecon 2000;54:3—56.

2 Heckman J], Stixrud J, Urzua S. The effects of cognitive and noncog-
nitive abilities on labor market outcomes and social behavior. | Lab
Econ 2006;24:411-82.

3 Conti G, Heckman JJ. Understanding the early origins of the education-
health gradient: a framework that can also be applied to analyse
gene-environment interactions. Perspect Psychol Sei 2010;5:585—605.

4 Buckles KS, Hungerman DN. Season of birth and later outcomes:
old questions, new answers. Rev Fcon Stat 2013;95:711—-24.

w

Sandstead HH. Understanding zinc: recent observations and inter-
pretations. | Lab Clin Med 1994;124:322—7.

6 Grantham-McGregor SM, Ani CC. The role of micronutrients in psy-
chomotor and cognitive development. Br Med Bu// 1999;55:511—-27.

7 Harris ED. Copper homeostasis: the role of cellular transporters.
[utr Rev 2001;59:281-5.

8 Ostedkar |, Sustar N. Copper and zinc, biological role and signifi-
cance of coppet/zinc imbalance. | Clin Toxicol 2001;83:001.



THE SERUM Cu/Zn RATIO IN CHILDHOOD AND EDUCATIONAL ATTAINMENT

703

10

11

13

14

15

16

17

18

Faber S, Zinn GM, Kern JC e al. The plasma zinc/serum coppet
ratio as a biomarker in children with autism spectrum disorders.
Biomartkers 2009;14:171—-80.

Bjorklund G. The role of zinc and copper in autism spectrum disor-
ders. Acta Neurobiol Exp 2013;73:225-30.

Ma J, Betts NM. Zinc and copper intakes and their major food
sources for older adults in the 1994-96 continuing survey of food
intakes by individuals (CSFII). J Nu#r2000;130:2838—43.

Wuehler SE, Peerson JM, Brown KH. Use of national food balance
data to estimate the adequacy of zinc in national food supplies: meth-
odology and regional estimates. Public Health Nutr 2005;8:812-9.

Davis CD, Milne DB, Nielsen FH. Changes in dietary zinc and
copper affect zinc-status indicators of postmenopausal women,
notably, extracellular superoxide dismutase and amyloid precursor
proteins. Am | Clin Nutr 2000;71:781—8.

Lowe NM, Medina MW, Stammers AL ez al. The relationship between
zinc intake and serum/plasma zinc concentration in adults: a system-
atic review and dose-response meta-analysis by the EURRECA
Network. Br ] Nutr2012;108:1962—71.

Ghayour-Mobarhan M, Taylor A, New SA ¢/ al. Determinants of
serum coppet, zinc and selenium in healthy subjects. Ann Clin Biochem
2005;42:364—75.

Malavolta M, Giacconi R, Piacenza F ¢z al. Plasma copper/zinc ratio:
an inflammatory/nutritional biomarker as predictor of all-cause mor-
tality in elderly population. Biggerontology 2010;11:309—19.

Malavolta M, Piacenza E Basso A ¢ al. Serum copper to zinc ratio: rela-
tionship with aging and health status. Mech Ageing Der 2015;151:93—100.

Mocchegiani E, Costarelli I, Giacconi R ¢ a/. Micronutrient—gene
interactions related to inflammatory/immune response and antioxi-
dant activity in ageing and inflammation. A systematic review. Mech
Ageing Dev 2014;136:29—49.

19

20

21

22

23

24

25

26

27

28

29

30

Walsh WJ, Isaacson HR, Rehman F ¢z a/. Elevated blood coppet/zinc
ratios in assaultive young males. Physio/ Behav 1997;62:327—9.

Hambidge KM, Krebs NE Zinc deficiency: a special challenge. ] Nuzr
2007;137:1101-5.

Bitanihirwe BK, Cunningham MG. Zinc: the brain’s dark horse.
Synapse 2009;63:1029—49.

Nakashima AS, Dyck RH. Zinc and cortical plasticity. Brain Res Rev
2009;59:347—73.

Bhatnagar S, Taneja S. Zinc and cognitive development. Br | Nutr
2001;85:5139—-45.

Warthon-Medina M, Moran VH, Stammers AL ¢ a/. Zinc intake,
status and indices of cognitive function in adults and children: a sys-
tematic review and meta-analysis. Exr | Clin Nutr 2015;69:649—61.

Gonzalez-Dominguez R, Garcia-Barrera T, Goémez-Ariza  JL.
Homeostasis of metals in the progression of Alzheimer’s disease.
BioMetals 2014;27:539—-49.

Nguyen M, Robert A, Sournia-Saquet A ¢/ al. Characterization of new
specific copper chelators as potential drugs for the treatment of
Alzheimer’s disease. Chen Eur ] 2014;20:6771—85.

Raitakari OT, Juonala M, Rénnemaa T ez al. Cohort profile: the car-
diovascular risk in Young Finns Study. Inz | Epideniol 2008;37:
1220—6.

Vuori E, Salmela S, Akerblom HK ¢/ /. Atherosclerosis precutsors in
Finnish children and adolescents. XIII. Serum and hair copper and
zinc concentrations. Acta Paediatr Scand Suppl 1985;318:205—12.

Alatupa S, Pulkki-Raback I, Hintsanen M e7 a/. School performance
as a predictor of adulthood obesity: a 21-year follow-up study. Eur |
Epideniol 2010;25:267—74.

Staiger D, Stock JH. Instrumental variables regression with weak
instruments. Econometrica 1997;65:447—86.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




