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SUMMARY
Background: The study was initiated because of the public fear of adverse reproductive
health and pregnancy outcomes in the Russian-Norwegian border zone in the vicinity of the
nickel producing industry in the Kola Peninsula. The original objective was to assess health
conditions of delivering women and their outcomes in the general population in the Russian-
Norwegian arctic area, including assessment of essential and toxic elements. In the course of
the study, the health of an occupationally exposed population of female nickel industry
workers and children living in the Kola Peninsula also became an important issue. Material:
In the period April 1994 - June 1994 maternal information, delivery information, as well as
matemnal and neonatal blood and urine samples, were collected for approximately 50
deliveries in each of the cities Arkhangelsk, Nikel, and Monchegorsk in Russia; the three
Norwegian study centres were Kirkenes, Hammerfest and Bergen. Arkhangelsk was chosen as
a large subarctic city without any nickel industry, while Nikel and Monchegorsk were
included because of their nickel processing industry. Kirkenes was selected as the closest
neighbouring city to the Russian nickel industry, Hammerfest as an arctic coastal city, and
Bergen as another sub-arctic city without any metal producing industry, at almost the same
latitude as Arkhangelsk. Additionally, in 1995, on request of the local health authorities,
medical information and blood samples were collected from children living in Apatity, an
industrial city in the Kola Peninsula, and in the two remote indigenous villages Lowozero and
Kraschnochelie. Results: Urinary nickel concentrations were significantly higher in the
Russian study groups. Sources of nickel exposure for the Russian population which explain
this remain unidentified. Environmental nickel exposure, as measured by urinary nickel
excretion, was not shown to be a predictor variable of low birth weight nor of the newborn

child's body mass index (BMIC). The mineral status of delivering women in arctic and sub-
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arctic areas of Norway and western Russia was adequate, with the exception of zinc. The
variation of serum zinc concentrations demonstrated differences between arctic and sub-arctic
areas across national borders. Maternal serum zinc was a positive predictor variable for
birthweight. Maternal blood lead was a negative predictor of birth weight, even at the rather
low concentrations in this study. The inclusion of maternal lead in a multivariate model
caused the non-specific country difference to loose statistical significance. Blood lead
concentrations in schoolchildren living in remote areas of the Kola Peninsula were up to a
level of medical concern. The mean birth weight and BMIC were significantly lower in the
Russian study groups, suggesting the likely occurrence of nutritional deficiencies during
pregnancy in Russia. Congenital malformations were too scarce to be assessed. However, this
observation does not address the concern about reproductive and developmental health
effects, neither in the general population nor in the higher exposed women working in the
Russian nickel industry. Monchegorsk nickel refinery workers are heavily exposed to nickel,
and maternal employment in a nickel refinery must be explored further as a risk factor for
adverse reproductive outcomes. Well-designed, comprehensive epidemiologic studies of
reproductive and developmental health among Russian nickel refinery workers are warranted,
technically feasible and ongoing. Conclusions: No effects of the studied pollution factors,
except for the negative impact of maternal lead concentrations, could be observed on the
pregnancy outcomes, birth weight and BMIC. The statistically significant difference between
the Norwegian and Russian mean BMICs suggests that malnutrition during pregnancy might
occur in the Russian study groups. Blood lead concentrations up to a level of medical concern

were observed in children living in remote areas of the Kola Peninsula.
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PREFACE
This work started with a man knocking on my door at the Kirkenes hospital just before
Christmas in 1990. It was Alexander Duriagin, Head Doctor of the Nikel hospital, who gave
me a bread as a symbol of friendship. At that time the public attention was drawn to possible
health effects of the industrial pollution at the Kola Peninsula, especially concerning
pregnancy complications and congenital malformations. The idea developed further from
Marie Hallonen'‘s input every morning at the delivery department meeting, leading to contact
with former collegue Knut Dalaker. A preliminary study protocol was formulated and the first
blood and placentas were collected i.n Kirkenes and Nikel. Private reasons made us leave
Kirkenes, and I thought the whole initiative might have to be left as a good idea and nothing
more. The samples were stored in Kirkenes, Hammerfest, Tromse, and, finally, Bodg. Shortly
after our move, Eiliv Lund was contacted by the Secretariate of the Arctic Monitoring and
Assessment Programme (AMAP) with a request for help in the Subprogramme on Human
Health. In a meeting with Tor Norseth at the National Institute of Occupational Health
(NIOH) I was introduced to Yngvar Thomassen, who later introduced me to Evert Nieboer,
bringing three important contributors into the project. At the same time, Valery Petrovitch
Tchachtchine was involved in the planning of the Norwegian-Russian Health Study, and
started to open doors in Russia. Due to a grant from the Royal Norwegian Foreign
Department, East-European Secretariate, we were able to invite Natalya Romanova from
St.Petersburg to be trained and conduct the elemental analyses at NIOH. Anatoly Tkachev
was already connected to the Institute of Community Medicine, University of Tromss,
providing important contacts in Arkhangelsk County. The late Jens Peder Hart Hansen
introduced me to Jens C. Hansen and Peter Bjerregaard in the Danish AMAP-Human Health

Group. The ideas turned out to be very close to this author's ideas, and the protocols were
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revised to fit into the same program. With the established cooperation between the Danish
collegues and the Canadian collegues Andy Gilman and Eric Dewailly we suddenly had
covered most of the arctic circle. Valery Klopov provided us with his contacts in remote areas
of Siberia. Irina Perminova facilitated access to the small indigenous villages at the Kola
Peninsula together with Svetlana Belova. Per-Einar Fiskebeck was employed as a »field man»
of the Norwegian-Russian Health Group, and generously provided much of his time and his

Volkswagen van for our work.

During the period November 1993 — June 1997, I was a Research Fellow at the Institute of
Community Medicine, University of Tromseg, interrupted by 6 months as a lecturer in

epidemiology at the Institute. I probably learned more epidemiology than the students.
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and, especially, Henrik Schirmer for sharing my office and answering telephone calls from

Russia; at Nordland Central Hospital the staff of the Womens Clinic for giving me
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opportunity to finish this work after returning to clinical practice, and the collegues at the
Department of Immunhematology and Transfusion Medicine for taking care of my freezer; at
Haukeland hospital Knut Dalaker and the staff at the delivering department; and the excellent
staff at NIOH, especially Yngvar Thomassen, Gunhild Sand, and Natalya Romanova; at the
Nikel hospital, Alexander Duriagin (thank you for the bread and many important toasts!),
Elvira Khotova, Leonid Zhivakov, Irina Zhivakova, and the staff at the delivery department;
in Murmansk Regional Hospital and later at the Murmansk Regional Administration Igor
Kovalev; at the Kola Research Laboratory of Occupational Health Valery P. Tchachtchine
and all his staff, including the excellent drivers; at the Kola Science Center Gennadi Kalabin
and Irina Perminova; in Arkhangelsk Anatoly Tkachev and Jevgenij Bojko; and in

St.Petersburg, Valery Klopov.

Liv-Helen, Svein @yvind and Maria Lisa eventually became accustomed to a husband and
father with too many crazy ideas, and in his absences have also developed a certain

experience in handling strange telephone calls from Siberia.

This work has been supported by The Royal Norwegian Foreign Department, East-European
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report is finally dedicated to all the delivering women in Norway and Russia, who were
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children.
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INTRODUCTION

The Concern of Newborn Children in the Norwegian-Russian Border Area

A real public concern about pregnancy outcome has developed during the last decade in
relation to the substantial emissions of sulfur dioxide and metals by the nickel industry in the
Kola Peninsula. Nearly half of the aerosol emission is nickel, with iron and copper as other
major contributors (Sivertsen et al. 1992; Hagen and Sivertsen 1992; Norseth 1994; Smith-
Sivertsen et al. 1997). Extensive environmental damage has resulted from these pollutants.
Furthermore, a preliminary study (Chashschin et al. 1994) indicated increased spontaneous
abortions, premature deliveries, low birth weight or congenital malformations in the children

of occupationally exposed female nickel workers.

The Norwegian-Russian Health Initiative

A Norwegian-Russian Commission on Environmental Cooperation was established in 1988,
which encouraged extensive investigation of the pollution of air, water, soil and biota. By
contrast, very little was planned for the study of human health. In 1989, health officials of the
Kola Peninsula and Finnmark County met in Kirkenes to discuss possible environmental and
health impacts of the pollution associated with the nickel production in the Kola Peninsula.
Subsequently, collaboration was initiated that primarily addressed environmental impacts. As
a result of the increasing worry about human health in the area, it was included as an issue of
investigation in the bilateral monitoring programme in 1992. The health group under the Joint
Norwegian-Russian Environmental Commission decided to carry out a cross-sectional health
study among adults in Sor-Varanger, Nikel and Zapolyamiy in order to investigate the possible
negative health effects of the nickel and sulphur dioxide emission. The results of this study were
published by Smith-Sivertsen et al. (1997). It focused on asthma and chronic obstructive lung

disease, nickel allergy. other allergic diseases, but to a minor extent adverse outcomnes of



pregnancy. Parallell to this bilateral effort, the Arctic Monitoring and Assessment Programme
(AMAP) was initiated, which emphasized environmental contamination but included pregnancy
outcome assessments as a minor component (Odland et al. 1996; Odland et al. 1997; AMAP
1998). These latter three publications present original data on the levels of toxic and essential
elements in human material and, very briefly, pregnancy outcomes from the Norwegian-Russian

arctic areas.

The Purpose of the Study

This study was planned to assess health conditions of delivering women and pregnancy
outcome in the general population of the Russian-Norwegian border area, including
assessment of toxic and essential elements in women and their newborn children. During the
project, adverse pregnancy outcomes in exposed workers of the nickel industry became
evident and the need for a more comprehensive epidemiological study of it was indicated. The
first component could be initiated immediately by establishing a network of colleagues at the
different delivery departments in the study. The other needed a feasibility study requiring the

close cooperation with medical and supervisory personnel in the nickel industry.

GENERAL BACKGROUND
In the remaining sections of the Introduction, topics pertaining to the thesis are briefly
introduced. For most of the areas reviewed, only key references are provided. More extensive

coverage is provided in the published papers that form the basis of this thesis.

Birth Weight and BMIC as Pregnancy Qutcomes
Birth weight is recognized as an important indicator of the health status of neonates. Temporal

changes in this parameter may serve as an index to socio-economic conditions that impact on



reproductive and developmental health (Bantje 1986; Cole et al. 1997; Cole et al. 1998). On
the other hand, the newborn child‘s body mass index (BMIC=kg/m’) has been suggested to
have some advantages as an index of the nutritional status of newborn children (Wandja et al.
1995). BMIC constitutes a measure of body fatness (Gallagher et al. 1996). Both parameters
have proved their usefulness in studies with relatively small sample size, reliability across
national, social and cultural borders; there is also substantial evidence for their importance in
the implementation of pregnancy care and assessment of pregnancy outcome (Antonisamy et
al. 1994; Balla and Walia 1996; Chard et al. 1997; Cole et al. 1998). Other parameters, like
spontaneous abortions and congenital malformations are more sensitive to the thoroughness of
reporting (Medical Birth Registry of Norway 1997), and a substantially larger sample size is
needed to evaluate enhanced prevalence or incidence (Nieboer et al. 1997). Since BMIC
effectively corresponds to birth weight adjusted for length or height (Forsdahl 1986), it is

relevant to review the known determinants of birth weight.

Determinants of Birth Weight

Gestational age

Gestational age is an outcome factor that strongly influences birth weight (Ramakrishnan et al
1999). In a Tanzanian study (Bantje 1986), it was suggested that short gestation accounted for
70 % of all cases with low birth weight. For intervention purposes prophylactic measures to
reduce preterm deliveries are of the highest importance, as discussed by Holt et al. (1999) for

northen Norway.

Genetic and anthropometric aspects
Mongelli (1996) has discussed maternal lean body mass index and birth weight, adjusted for

maternal weight and height, smoking, parity, gestational age and sex of the infant. It was
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shown that only cigarette smoking had a negative effect on birth weight which was
independent of maternal anthropometry. It was concluded that the effect of maternal size on
birth weight is largely mediated through constitutional and genetic factors rather than
nutrition. Maternal birth weight has been shown to be an important predictor of infant weight

at birth (Tavares et al. 1996; Ramakrishnan et al. 1999).

Maternal height has been demonstrated to effect both birth weight and birth length from week
35 onward (Witter and Luke 1991). The infants of the shorter women were symmetrically
smaller than the infants of the taller women as the infant Ponderal Indices (weight /(length)’)

did not differ.

Wilcox et al (1996), in a comparison of perinatal mortality data in the United States and
Norway, have demonstrated that a woman is more likely to deliver a heavier baby in her
second pregnancy than in her first pregnancy. However, maternal physiological factors differ
in the two pregnancies and these differences have additional effects on birthweight. Clinical
decisions cannot be based on the assumption that a second baby will inevitably be heavier

than the first baby.

Brooks et al. (1995) have investigated the relative role of environmental and genetic factors in
the determination of birth weight following ovum donation, showing that the only discernible
factors significantly influencing birth weight were gestational age and the recipient’s
(maternal) weight. Donor’s weight, own birth weight or the birth weight of the donor’s
children were not significantly correlated with the birth weight of the child following ovum
donation. The environment provided by the human mother seems more important than her

genetic contribution to birth weight.



Paternal influence on birth weight has been demonstrated. In a historical cohort study of girls
born in Copenhagen during 1959-1961 (Klebanoff et al. 1998) 1t was demonstrated that,
independently of maternal size, the father‘s physical stature, particularly his own size at birth,
influenzes the birth weight of his children. Furthermore, in a study of paternal influences on
birth weight in Nottingham, England (Wilcox et al. 1995), it was demonstrated that after
adjustments only paternal height remained significant in a multiple regression. The conclusion
was that this effect of paternal height on birth weight must be genetic and therefore should be

taken into account when defining intra-uterine growth retardation and macrosomia.

The Renfrew and Paisly Study in Scotland (Davey Smith et al. 1997) concluded that birth
weight of offspring was inversely related to mortality. The strength of this association was
greater than would have been expected by the degree of concordance of birth weights across
generations, but an extensive range of potential confounding factors could not account for the
association. Mortality is influenced by a factor related to birth weight that is transmissible

across generations.

There is no reliable information regarding genetic differences in Norwegian and Russian birth
weights. An interesting aspect is the documented stronger increase in mean height of the Sami
population of Finnmark compared to Norwegians, possibly due to developing social-

economic conditions in the society (Forsdahl et al. 1994).



Miscellaneous factors
The impact on birth weight of maternal health, environmental and occupational exposures,
and sociodemographic factors are discussed in the sections that follow in the wider context of

determinants of other pregnancy outcomes.

Maternal Health and Pregnancy Outcome

Maternal weight gain

In the WHO collaborative study of maternal anthropometry and pregnancy outcome (Kelly et
al.1996), poor maternal weight gain in the second trimester was demonstrated as the most
practical screening instrument for the risk of low birth weight and intrauterine growth
retardation. The operational value of this finding is its practicability, even in difficult social
conditions. Wolfe et al. (1991) in Detroit and Karim and Mascie-Taylor (1997) in Dhaka,
Bangladesh reach the conclusion that the calculation of maternal body mass index (BMI)
offers no advantage in estimating pregnancy outcome over simply weighing the mother. In
general, the use of BMI is inadequate without supplementing with height or weight
adjustments in epidemiological assessments (Michels et al. 1998). BMI, generally speaking, is
demonstrated to be age and sex dependent, but independent of ethnicity (Gallagher et al.

1996).

Hypertensive disorders in pregnancy

Hypertensive disorders during pregnancy comprise several conditions, varying in severity and
prognosis (Erkkola 1997). They include: [) secondary or essential hypertension commenced
prior to pregnancy; 2) rise in blood pressure during pregnancy even before the 20™ week; 3)
elevated blood pressure with proteinuria which may or may not be a consequence of some

underlying disease; 4) transient increase in blood pressure afier birth; and 5) eclampsia. The



resulting HELLP-syndrome is a serious condition of pregnancy; an acronym for hemolysis,
elevated liver enzymes, and low platelet count. It might, however, be brought about also by
other conditions, as the underlying pathologic processes are primarily hepatic, renal, or

coagulation disturbances.

Sociodemographic and Occupational Aspects of Pregnancy Outcome

A first comprehensive Norwegian study of occupational status and pregnancy outcome was
published by Bjerkedal (1980), comprising all births reported to the Medical Birth Registry in
1970-1973. The analysis revealed that rates of perinatal death, birth weight less than 2500 g,
gestational age less than 37 weeks and congenital malformations were higher among births of
economically active mothers than among births of those economically inactive. Generally
speaking, birth of mothers engaged in industrial work had the highest risk of perinatal death,

low birthweight (<2500 g) and preterm delivery.

Amtzen et al. (1996a) have studied the trends in Norway of associations between maternal
education and postneonatal mortality for the period 1968-1991. The inverse association
between educational level and postneonatal mortality has strengthened over time, but the
underlying causes are hard to determine and are indicative of the complexity of using
maternal educational level as an indicator of social status. The same authors have also
discussed marital status as a risk factor for fetal and infant mortality (Arntzen et al. 1996b).
They have shown that marital status is still a demographic risk factor in the Norwegian
welfare society. There is a need to identify specific risk behaviours associated with the life
styles of unmarried mothers. Postneonatal mortality in lower social groups can be explained

by an association with SIDS (Arntzen et al. 1995).




Wergeland and Strand have discussed the need for job adjustrent monitoring in pregnancy
outcomes (Wergeland and Strand 1998). Using the risk of preterm birth as the outcome,
maternal work history can allow early prediction of need for job adjustment during
pregnancy. The same authors have also discussed strenous working conditions and birth
weight (Wergeland et al. 1998). It was concluded that strenous work increased the risk of low
birth weight in nulliparae, particularly in non-smokers. An inability to alter work pace was the
strongest risk factor. The preventive effect of job modification during pregnancy may even

parallell smoking cessation.

Hansteen et al. (1998) have demonstrated a significantly lower arithmetic mean birth weight
for newborns in a Norwegian industrial area compared to urban and rural non-industrial areas,
after controlling for gestational age, sex, parity, maternal smoking frequency and social class.
Of the factors considered, only maternal psychological stress at work had a significant effect
on birth weight. It was further concluded that birth weight may represent a potential outcome

parameter for surveillance of effects on humans of environmental exposures.

Effects on birth weights of maternal education, socio-economic status, and employment
conditions are also thoroughly considered in a prospective, population-based study in Uppsala
County, Sweden (Nordstrem and Cnattingius 1996). These authors found that practically all
social differences in birth weight are related to the differences in maternal age, parity, height,
and smoking habits. The only socic-economic indicator that could be included, mostly for

international comparisons, was education.

The ALSPAC Study Group (Farrow et al. 1998) have examined birth weight of term infants

and maternal occupation in a prospective cohort of pregnant women. Despite the abscence of



a significant association between birth weight and job after adjustments, there were several
findings which support the earlier proposed connections between maternal occupation and
pregnancy outcome. The major job groups with lower birth weights were metal forming or
welding, electric or electronic work, textile trade, and assembling and working with

equipment.

A study of perinatal outcome according to residence area in the city of Malmeg, Sweden
(Gudmundson et al. 1997) concluded that although maternity care is provided free of charge,
perinatal complications, including low birth weight, were more frequent in areas of lower
socioeconomic status. In order to improve perinatal outcome, antenatal surveillance should be
intensified in lower class socioeconomic groups. Vagero et al. (1999) have recently shown
that processes during the foetal period are systematically linked to the social circumstances of

the mother, being very different when comparing the 1920s to the 1980s.

MacLeod and Kiely (1988) have demonstrated that birth weight increases from parity 1 to
parity 3, but drops markedly thereafter. Adjusting for gestational age, age and parity were

found to influence birth weight by affecting fetal growth rather than the length of pregnancy.

In studies of American populations, social and class factors are shown to be more predictive
of low birth weigth than medical factors alone for women without chronic health problems
(Longo 1999). It is interesting that in the Pune district of India, Hirve et al. (1994) have
shown in a community-based cohort study that selectively targeted interventions such as
improving maternal education and nutrition, wider availability of contraception to delay the
first pregnancy and increasing pregnancy intervals may help in identifying and ensuring

adequate care for women with the greatest risks of producing low-birth-weight-babies.
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Environment and Pregnancy Outcome

Nickel

A range of effects of nickel compounds have been reported in animal experiments
(Sunderman et al.1983; Environmental Protection Agency 1985; Sager et al. 1986; Coogan et
al.1989). Nickel salts are toxic to spermatozoa and embryos. Nickel is known to cross the
placenta in rodents, with reported malformations at birth including ocular, skeletal, and
neuronal effects; fetal hemorrhages and hematomas are also reported. Experiments with
nickel tetracarbonyl provide the clearest indication of teratogenicity manifesting as ocular
effects (anophtalmia and microphtalmia; Sunderman et al. 1979; Sunderman et al. 1980;
Nieboer et al. 1988). Chloride salts of Ni**, have been shown to be embryotoxic and
teratogenic in the FETAX assay (frog embryo teratogenesis assay: Xenopus); observed effects
included ocular malformation (Hauptman et al. 1993; Luo et al. 1993). Effects on human
reproduction have not been demonstrated so far, but the concern has been raised by
Chashschin et al. (1994) for occupationally exposed female nickel workers in the Kola

Peninsula.

Cadmium and maternal smoking

Animal data suggest that oral exposure to cadmium results in reduced birthweight and more
severe effects on the fetus, including placental damage (WHO 1992), embryotoxic and
teratogenic effects (Hauptmann et al. 1993; Luo et al. 1993). Evidence in humans of
suppression of birth weight by cadmium is difficult to separate from the impact of smoking. It
seems that the human placenta serves as a selective barrier to cadmium with an average
attenuation of 40-50 % (Lauwerys et al.[978; Roels et al. 1978; Baranowska 1995).

Individual variability related to metallothionein induction in the placenta might be operative.
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Ammal data support this conclusion, with free transport of cadmium through the Wistar rat
placenta, while the hamster placenta is totally blocked (Tsuchiya et al. 1987; Hanlon and

Ferm 1989).

Maternal smoking might be regarded both as a maternal life-style factor and a fetal
environmental factor. There is a wealth of information showing the negative impact of
maternal smoking on birth weight. Shu et al. (1995) conclude that maternal smoking at any
point in the pregnancy, but especially in the early months, causes low birth weight.
Bjerregaard and Hansen (1996) discussed effects of smoking and marine diet on birthweight
in Greenland. Smoking was found significantly correlated with low birthweight, while
consumption of marine mammals, maternal or cord blood mercury concentration were not.
Studies of smoking habits among pregnant women in Trendelag, Norway, have been
performed by Eriksson et al. for the periods 1987-1994 and 1994-1995 (Eriksson et al. 1996:
Eriksson et al. 1998). There has been a significant reduction in smoking prevalence among
pregnant women in the study area that could not be observed among non-pregnant women.
Significant impact of national campaigns against smoking during pregnancy could not,
however, be discerned. A low cigarette consumption prior to the pregnancy was the best

predictor for smoking cessation during pregnany.

Lead

The major environmental source of lead has been the use of lead in gasoline. In the USA there
has been a substantial decline in blood lead levels in the last two decades, because of the
removal of lead from gasoline and soldered cans (Brody et al. 1994; Pirkle et al. 1994; Pirkle
et al. 1998). This reduction has also been demonstrated in Norway and Sweden (Clench-Aas

et al. 1990; Stromberg et al. 1995; AMAP 1998). The main environmental health concern
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about lead is the impact on perinatal neurodevelopment, expressed subsequently as cognitive
and behavioural deficits in the developing child (Silbergeld 1991; Rice and Silbergeld 1996;
Recknor et al. 1997). Such central nervous system effects are also seen in children that are
exposed to lead in childhood. The placenta barrier exhibits free transfer of lead from the
twelfth week of gestation and continues throughout pregnancy (Schramel et al.[987), and it is
also apparent that pregnancy increases the mobilization of lead from maternal skeleton,
thereby increasing fetal exposure (Silbergeld 1991; Lagerkvist et al. 1993; Lagerkvist et al.
1996; Gulson et al. 1997; Gonzales-Cossio et al. 1997). The accepted level of medical
concem for children of 0.48 pmol/L is contradictory to recent studies which show that blood
lead concentrations below this value may impair hearing and nerve conduction in the auditory
system (Schwartz and Otto 1991). The occurrence of subclinical effects suggests that there
may be no safe level of lead exposure for children (Todd et al. 1996). A number of other
effects on human health are recognized, including inhibition of blood formation, reproductive
deficits, slowing of nerve conduction and renal toxicity (Mushak et al. [989). Epidemiologic
studies suggest that chronic low-level lead exposure may be linked to evelated blood pressure

(Schwartz 1991).

Diet and Pregnancy Outcome

Carbohydrates and proteins

Health in later life may already partly be determined by children‘s intrauterine growth and
development patterns (Hautvast 1997). The theory that nutritional and environmental factors
during pregnancy are predisposing for certain diseases in adult life is discussed in several
publications by the Barker Group (Godfrey and Barker 1995; Godfrey et al. 1996; Godfrey et
al.1997; Barker 1997; Barker and Clark 1997; Barker 1998). Godfrey et al. (1996) conclude

that high carbohydrate intake in early pregnancy suppresses placental growth, especially if



combined with with a low dairy protein intake in late pregnancy. Such an effect could have
long term consequences for the offspring’s risk of cardiovascular disease or diabetes. There
are critical windows of time during which maturation must be achieved, and failure of
maturation is considered largely irrecoverable (Barker 1998). These conclusions are
controversial, but they clearly represent a renaissance of maternal nutrition research (Brown
and Kahn 1997). However, the role of socio-economic factors during childhood and
adulthood is not discussed in the »Barker hypothesis» (Rey and Bresson 1997). Forsdahl has
discussed living conditions in childhood and subsequent development of risk factors for
arteriosclerotic disease (Forsdahl 1977; Forsdahl 1978; Forsdah! 1986). His findings indicate
that poverty in childhood and adolescence, followed by later prosperity, results in high
cholesterol values. A significant positive correlation between infant mortality rates and later
mortality rates from arteriosclerotic heart disease has been demonstrated in Forsdahl's

studies.

Essential elements

The concentrations of most essential elements and nutrients (including vitamins) in body
fluids change during pregnancy (van Buul et al. 1995). Interpretation of laboratory tests
should be made with caution. However, population-based reference intervals for trace
elements in blood are nevertheless useful to explore geographic and temporal variations
(Grandjean et al. 1992). In a general overview, Luke (1994) discusses specific nutrients
associated with growth retardation, such as vitamin A, folate, and iron. Elevated serum ferritin
might even be associated with early spontaneous preterm delivery (Tamura et al. 1996). By
contrast, supplementation with calcium and magnesium may increase birthweight and
gestational age (Luke 1994). A positive effect on birthweight of food supplementation of

essential nutrients in pregnancy has been demonstrated by Metcoff et al. (1985), especially
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protecting fetal growth in smokers. A recent study by Scholl et al. (1997) of prenatal
multivitamin/mineral supplements during the first and second trimesters of pregnancy appears
to be connected with a reduction in preterm deliveries and risk of low birth weight in low

income, urban women.

Martin-Lagos et al. (1998) have demonstrated a progressive decrease in serum zinc with
gestation. Neggers et al. (1990) suggest, based on a study of maternal zinc concentrations and
birthweight in Alabama, USA, that there is a treshold for maternal serum zinc below which
the prevalence of low birth weight increases significantly. They concluded that maternal
serum zinc concentration measured early in pregnancy could be used to identify those women
at higher risk of giving birth to a low-birth weight infant. The same authors (Neggers et al.
1991) calculated, based on a retrospective follow-up study, that for each pmol/L increase in
serum zinc early and later in pregnancy, birth weight increased by 38 and 56 g, respectively.
The larger the reduction in serum zinc during pregnancy, the smaller the infant. This study
also suggested a treshold for maternal zinc below which the prevalence of low birth weight
increases rapidly. Goldenberg et al. (1995) conclude that daily zinc supplementation in
women with relatively low plasma zinc concentrations in early pregnancy is associated with
higher birth weights and head circumferences, but the effect occurs predominantly in women
with a body mass index <26 kg/m’. Adding to these conclusions, Friel et al. (1993) have
proposed that zinc-supplementation in early infancy may be beneficial for very-low-birth

weight infants.

The mentioned study by Martin-Lagos et al. (1998) has also demonstrated a significant
increase in serum copper concentrations during human pregnancy, especially in the second

and third trimester, independent of the subject’s age. Infections or inflammatory conditions
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might further increase the plasma or serum concentrations (Burtis and Ashwood 1994).
Animal studies (Vaquero and Navarro 1996) confirm that moderate food restriction during
pregnany produces intr.auterine growth retardation and that newborns have low trace element
contents, especially copper. This is probably connected to the role of copper as an essential
constituent of many enzymes and important proteins (daSilva and Williams 1991). Dietary
sources might be parenchymatous tissues, like liver, seefoods, nuts and seeds (USA National

Research Council 1989).

Selenium is a component of a number of crucial enzymes, and deficiency has been linked to
ill health, like cardiovascular diseases, osteoarthritis and cancer (Burtis and Ashwood 1996).
In a recent study, Navarro et al. (1996) document a moderate decrease in serum selenium
concentrations during pregnancy. No significant differences could, however, be shown
between the pregnant and non-pregnant group, nor between the groups in different trimesters
of pregnancy. No selenium problems in daily dietary intake with respect to maternal and fetal

needs during pregnancy were documented by these authors.

Alcohol abuse

Alcohol use or abuse is still a controversial subject. Sampson et al. (1994) concluded that
neither birth weight nor any later size measure was as useful an indicator of the enduring
effects of prenatal alcohol exposure as were certain neurodevelopmental outcomes. Shu et al.
(1995) conclude that moderate alcohol drinking possibly is a cause of low birth weight. Stoler
et al. (1998) have studied two new markers of alcohol use, whole blood-associated
acetaldehyde and carbohydrate-deficient transferrin, and two traditional markers namely
gamma-glutamy! transpeptidase and mean red blood cell volume in the blood of pregnant

women. The infants of mothers with two or more positive markers had significantly smaller
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birth weights, lengths, and head circumferences than the infants with negative maternal
screens. The presence of two or more positive markers was more predictive of infant outcome

than any self-reported alcohol use.



MATERIALS AND METHODS

Details of the study populations, procedures, sample collection and analyses are given in the
individual papers. The geographical areas are shown in Figure 1. Table 1 summarizes the
geographical areas, number of subjects, types of samples collected and analyzed, and the main
focus for Publications I to VI. Information was also collected from personal questionnaires

completed in an interview (see Appendix I) and medical records.

The study was approved by the Regional Ethical Committee, University of Tromse, Norway,
the Norwegian Data Inspectorate and the Regional Health Administrations of Murmansk and
Arkhangelsk Counties. The women were asked to join the study by completing a consent form

(see Appendix II).

Fig. 1. Map of the Barents Region, showing important locations described in the study.
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Table 1. Geographical areas, subjects, type of samples collected and analyzed, and the main

JSocus for Publications I to VI.

Site Subjects (N), Samples Analytes Main focus
(period) _ Paper ] o
Kirkenes 46,1 Urine Nickel, creatinine  Essential and toxic
(November 1993 — 51,11 Serum  Copper, ferritin, elements and
January 1994) 19, 111 selenium, zinc pregnancy
Blood Cadmium, lead outcome
Hammerfest 51,1 Urine Nickel, creatinine  Essential and toxic
(December 1993 — 56,11 Serum  Copper, ferritin, elements and
January 1994) 48, 111 selenium, zinc pregnancy
Blood Cadmium, lead outcome
Bergen 31,1 Urine  Nickel, creatinine  Essential and toxic
(June 1994) 60, I1 Serum  Copper, ferritin, elements and
47,111 selenium, zinc pregnancy
Blood Cadmium, lead outcome
Finnmark/Kola 15, IV Urine Nickel, creatinine, Ethnic differences
Peninsula Serum  copper, ferritin, in essential and
(November 1993 — selenium, zinc, toxic elements and
June 1994) Blood cadmium, lead pregnancy oucome
Nikel 42,1 Urine Nickel, creatinine  Essential and toxic
(March - June 1994) 50, 11 Serum  Copper, ferritin, elements and
49, 111 selenium, zinc pregnancy
Blood Cadmium, lead outcome
Monchegorsk 49,1 Urine Nickel, creatinine  Essential and toxic
(March — June 1994) 50, I Serum  Copper, ferritin, elements and
49, 111 selenium, zinc pregnancy
Blood Cadmium, lead outcome
Arkhangelsk 46, 1 Urine  Nickel, creatinine  Essential and toxic
(April - May 1993) 51,1I" Serum  Copper, ferritin, elements and
50, III selenium, zinc pregnancy
Blood Cadmium, lead outcome
Apatity
{March 1995 and 39 (group 1), V Serum  Ferritin Blood lead and
November 1995) 24 (group 2), V Blood Lead children
Lowozero 47,V Serum  Ferritin Blood lead and
(April 1995) Blood  Lead children
Kraschnochelie 14,V Serum, Femntin Blood lead and
(April 1995) Blood Lead children
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Nikel and Monchegorsk were selected because of the nickel refining operations located close
to the city centres. Arkhangelsk is the biggest city on the White Sea, with five pulp and paper
plants, but no metal producing industry. Kirkenes is located near the Russian-Norwegian
border, 50 km from Nikel, receiving delivering women from the eastern part of Finnmark.
Hammerfest, a coastal city of the western part of Finnmark, receives delivering women also
from the largest Sami communities of Finnmark. Bergen is almost at the same latitude as
Arkhangelsk, and is located in the south-western part of Norway; it has no metal producing
nor heavy industry. It was included as a subarctic, Norwegian, urban community, outside the
Barents Region. The total number of participants varied between the individual papers
because of difficulties at different stages in sampling, transportation and analytical

procedures, explained in the individual papers.

Table 2 summarizes the specimens collected, the analyses conducted, some details about the
methods, and DLs of the employed methodologies. Further details about QA/QC-protocols

and other analytical details are provided in the individual papers.
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Table 2. Specimens collected, analyses conducted and details about methods and DLs of the

methodologies used in the study.

Paper Specimen Analyses . Methods DLs

I Maternal urine Nickel Electrothermal 10 nmol/L
and atomic absorption
newborn’s spectrometry
urine

Creatinine Spectrophotometry  0.01 mmol/L
(Beckham Creatinine
Analyser based on
Jaffe‘s reaction)

II Maternal Copperand  Flame atomic 0.08 pmol/L

serum Zinc absorption 0.1 pmol/L

spectrometry,
applying microcup
technique

Selenium Electrothermal 0.04 pmol/L
atomic absorption
spectrometry

Ferritin Chemiluminoscence
(Hitachi 917
autoanalyzer)

I Maternal Cadmium Electrothermal 1.0 nmol/L
blood and Lead atomic absorption 0.02 pmol/L
cord blood spetrometry

v Maternal urine Nickel See above See above
and newborn's Creatinine
urine, Copper
maternal Ferritin
serum and Selenium
blood, and Zinc
cord blood Cadmium

Lead

\Y% Child's
serum and Ferritin See above See above
blood Lead
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The statistical approach was based on univariate analysis, analysis of variance and multiple
linear regression analysis, and are described in the individual papers. An association was
accepted when the 95 % confidence interval (CI) of the regression coefficient did not include
zero. In general, the essential elements showed a homogenous distribution pattern, while the
toxic metals were highly skewed. Concentrations below the detection limit (DL) were
arbitrarily assigned the value of %2 DL. The birth weight outcome or the body mass index of
the child (BMIC) were employed as continous variables. Birth weights and BMIC
corresponding to gestational age <week 40 were adjusted based on the observed mean weight
gain of 166 g/week in the gestational period 30-38. The following empirical formulas were
used:

1. Adjusted birth weight in g = Birth weight + (166 x 39 — 166 x gestational age);

2. Adjusted BMIC in kg / m? = ((Birth weight/1000 + (0.166 x 39 — 0.166 x gestational
age))/(child's birth length?/10 000); with birth weight in grams, gestational age in weeks, and

child’s birth length in cm.

Other potential confounders were tested as variables in the multivariate analyses, including:
smoking, nationality, mineral status, local food intake, pre-eclamptic condition, maternal age
and maternal anthropometric parameters, parity and sex of the baby. Analysis of variance by

quartiles were adjusted for nationality (the «country factor»).



MAIN RESULTS

Paper I

Urinary nickel concentrations and selected pregnancy outcomes.

Urinary nickel concentrations in delivering women and their newbormns in the Russian
communities were measured and compared with Norwegian levels, and birthweight and
BMIC were assessed in relation to urinary nickel concentrations and questionnaire-based
anamnestic information. Urinary nickel excretion was significantly higher in the Russian
communities, independent of the presence of a nickel refinery as a local environmental
source. Birthweight and BMIC were significantly lower (p<0.001) in the Russian groups, with
or without adjustment for gestational age. The multivariate linear-regression analysis
indicated that maternal urinary nickel concentration had no impact on birth weight. Maternal
body mass index (BMI) and maternal height were positive explanatory variables; maternal
urinary creatinine is suggested as a weak negative factor. Smoking was shown to be a strong
negative predictor only in the Norwegian group among whom there was a significantly higher
smoking frequency (p=0.005). The significant contribution of a country factor in the
predictive model indicated that important risk factors for low birth weight or BMIC were not

identified.

Paper 11

Essential elements, birth weight and newborn body mass index.

Delivering women and their newborns were studied to explore a relationship between
maternal status of essential elemnts and birth weight or BMIC. Life-style information and
serum specimens were collected from the selected Russian and Norwegian study groups.

Pregnancy outcomes were verified by consulting medical records. Copper, selenium, zinc and
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ferritin in serum were determined. Mean birth weight as well as BMIC were significantly
lower in the Russian group (p<0.001). Copper, iron (as ferritin) and selenium serum
concentrations were in the normal range, while zinc levels in both countries were mostly
below the lower limit of the suggested end of pregnancy interval. The combined results of
univariate or multivariate regression analyses for birth weight or BMIC suggested the
following associations: Serum zinc was a positive predictor at concentrations exceeding 10.8
umol/L. The influence of the different elements on BMIC, grouped by quartiles, was
significantly positive only for selenium (p=0.03) and ferritin (p=0.02), while there was no
signficant relationship for copper or zinc. In the same manner, maternal urinary creatinine
concentration and birth weight were negatively correlated (p=0.001). With the exception of
zinc, the mineral status of delivering women in arctic and sub-arctic regions of Norway and
western Russia appears to be adequate. However, the significant lower BMIC for the Russian
group suggests that there might be nutritional deficiencies during pregnancy in Russia, but the

trace elements explored in this study did not give any explanation for this suggestion.

Paper I

Blood lead and cadmium and birth weight.

Delivering women and their newborns in the selected study areas of Russia and Norway were
studied to explore relationships between maternal cadmium and lead status and birth weight
as a pregnancy outcome. Lead and cadmium were determined in the blood samples. The
median cadmium value for the Russian group was 2.2 nmol/L (N=148) versus 1.8 nmol/L in
the Norwegian group (N=114), p=0.55. A weak association was observed between maternal
cadmium and amount smoked (r=0.30, p<0.001); no correlation was found between maternal
blood cadmium and birth weight. The corresponding lead values were 0.14 (Russia) and 0.06

umol/L (Norway), p<0.001. The median Norwegian lead concentration constitutes one of the
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lowest adult population values reported to date. Maternal and cord blood lead levels were
strongly correlated (r= 0.88, p<0.001). In the multivanate linear regression model, maternal
blood lead was recognized as a negative explanatory variable (p<0.05) for birth weight and
BMIC, with or without adjustment for gestational age. A similar association was suggested by
ANOVA-analysis of maternal blood lead by quartiles. Maternal blood-lead level as an
environmental factor seems to be an apparent predictor of low birth weight and BMIC. It
reduced substantially the contribution of a country factor in explaining the observed

differences in birth weight.

Paper IV

Selfreported ethnic status, newborn body mass index, and blood, serum or urine
concentrations of toxic and essential elements.

As part of the Arctic Monitoring and Assessment Programme (AMAP), we assessed pregnancy
outcome among the Sami and Norwegian populations of Finnmark County in Norway and
Russians living in the Kola Peninsula of Russia using BMIC as the main indicator.
Concentrations of essential and toxic elements in biological fluids of the participants served as
additional sources of information. At the hospitals of Hammerfest and Kirkenes in the period
November 1993 - June 1994, a total of 107 consecutive women gave birth to a child, of whom 15
regarded themselves as Sami. The Russian group (N=151) delivered their children in the same
period. The Sami women were significantly older than the Russian group (28.5 versus 25.1
years, p=0.04). The mean birth weight was significantly lower in the Sami group compared to
non-Sami Norwegians (p=0.01), but was of comparable magnitude to that recorded in Russia
(p=0.4). For BMIC, the Sami and Norwegian results were similar (p=0.2); both were
significantly higher than in Russia (p<0.001). The essential elements copper, zinc, selenium and

iron (as ferritin) in serum showed no differences between the groups, although relatively low
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levels of serum zinc were documented in all populations studied. Blood cadmium concentrations
were strongly related to smoking frequency. Blood lead and urinary nickel levels were
significantly higher for the Russian mothers, but did not reach levels of medical concern. No
ethnic differences in concentrations of essential elements in biological fluids, nor of cadmium
and mercury were observed. However, national differences for lead and nickel were evident.
These conclusions must be discussed with caution because of the small numbers in the study
groups. The similar BMIC values observed for the Norwegian and Sami newborns, compared to
the Russian groups, suggest that BMIC may serve as a good indicator of the nutritional status

and possibly also the general health condition of neonates.

Paper V

Elevated blood lead concentrations in children living in isolated communities of the Kola
Peninsula.

On request by the Murmansk health administration, lead levels were determined in children
aged 5-14 in three communities: two groups (N=24 and 39) from Apatity, an industrial town;
a group (N=47) from Lowozero, an isolated Saami village; and another (N=14) from
Krashnochelie, a remote native village with Sami, Komi and Nenets populations.
Unexpectedly high blood lead concentrations were found in the most isolated community,
namely Krashnochelie. The median lead concentration in Krashnochelie was significantly
higher (p<0.01 or p<0.02) than those for Lowozero and Apatity. In the Krashnochelie group,
the lead levels were not gender dependent. The percentage of children with blood lead
concentrations at or above the medical concern level of 0.48 nmol/L was highest (36 %) in
Krashnochelie, compared to 4.2 and 9.8 % in the two groups of Apatity and 6 % in Lowozero.
All but three of the 124 individuals tested had ferritin concentrations above that indicative of

depleted iron stores (10 pg/L for age <14 years); the median ferritin values were comparable
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for all four communities. Iron status differences can therefore not explain the elevation of
blood lead concentrations in the Krashnochelie group. One probable explanation for the high

lead concentrations is the use of leaded ammunition in subsistence hunting.

Paper VI

Critical evaluation of medical, statistical and occupational data sources in the Kola
Peninsula.

A feasibility study of occupational exposed workers in the nickel industry of Kola Peninsula
was prompted by a first report in 1992 of possible reproductive and developmental health
concerns among female workers in a Russian nickel refinery. The primary goal of the study
was to ascertain whether medical, statistical and occupational databases could be accessed for
information about the pregnancy histories, occupational histories and life-style factors of the
women affected. The project was facilitated by constructing a birth registry of all births in
three towns with a nickel refinery and verifying its contents against patient records obtained
from hospital delivery and gynecological departments and community polyclinics. Municipal
Registration Board, Regional Health Statistics Board and nickel company records were also
reviewed. The study showed that reproductive/developmental outcome information and
workplace histories were acceptable. Sample-size calculations indicated that a cohort study
would be amenable and suitable to detect an excess risk of spontaneous abortions with
adequate statistical significance and power. Such investigations must be supplemented by
workplace environmental/biological monitoring assessments to assess exposure to
occupational hazardous factors and a worker’s questionnaire to obtain information about life-
style factors. A nested case-control design in the Kola Birth Registry is recommended for
studying congenital defects. The Feasibility Study indicated that a well-designed,

comprehensive epidemiological study is possible because of the availability of a favourable
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pool of study subjects, reproductive/developmental outcome data, information to control for

major confounders, and suitable occupational records.

DISCUSSION

A Summary of Major Findings

(a) The mean birth weight and BMIC were statistically significant lower in Russian neonates.

(b) Urinary nickel concentrations were statistically significant higher in Russian mothers and
neonates.

(c) Blood lead concentrations were statistically significant higher in Russian mothers and
neonates. The Norwegian maternal and neonatal lead concentrations constitute some of
the lowest values reported to date.

(d) The mineral status of delivering women in arctic and sub-arctic areas of Norway and
western Russia seems to be adequate, with the exception of zinc.

(e) The univariate and multivariate linear regression models tested, when supplemented by
analysis of variance by quartiles, have shown that maternal blood lead concentrations,
maternal urinary creatinine concentrations, and smoking impact negatively on birth weight
or BMIC; matemal serum zinc, selenium and ferritin appear to have weak positive
influences. Anthropometric explanatory factors that were positively correlated were
maternal BMI, height and weight, as well as parity and maternal age. Adjustment for
gestational age did not alter these conclusions.

(f) There were no ethnic differences in concentrations of essential and toxic elements in body
fluids.

(g) Blood lead concentrations in schoolchildren living in remote areas of the Kola Peninsula

were high, up to the level of medical concern.
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(h) The Kola Birth Registry was set up as a research and public health tool. As a practical
result of our work, the Federal Government of Russia is preparing a simplified version of
the Kola Birth Registry for use in all counties of the Russian Federation.

(i) A well-designed, comprehensive epidemiologic study of reproductive and developmental

health among Russian nickel refinery workers is warranted, technically feasible and ongoing.

Limitations of the Reported Research

Information biases

Answers concerning the consumption of local food were not provided in the Russian
community of Monchegorsk. The reason for this may reflect the decision by the local
interviewer not to emphasize this component. The refusal by 36 % of the Russian respondents
to provide information about alcohol consumption suggests that this topic is culturally
sensitive. Interestingly, Stoler et al. (1998) conclude that maternal blood markers such as
whole-blood associated acetaldehyde, y-glutamyl-peptidase, or carbohydrate-deficient
transferrin are more predictive of infant outcome from at-risk pregnant women than self-
reporting methods, and that these markers might lead to better efforts to detect and prevent
alcohol-induced fetal damage. This approach might have been useful in our study, since the
self-reported alcohol consumption gave poor results. Even fewer individuals in Russia
responded to educational background questions. Since education is a positive predictor of
birth weight (e.g., Nordstrem and Cnattingius 1996), its omission may have influenced the
birth weight and BMIC analyses. Futhermore, dietary information sought through the
questionnaire lacked specificity and was poorly answered. The use of this life style
characteristic in the statistical analysis was therefore of limited validity and statistical power.
Similarly, questions addressing sociodemographic details concerning economic status and

employment were also weak.
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Inconsistency between interviewers is a possible concern but unavoidable, since so many
different communities were involved. Further, the questionnaire was translated from
Norwegian into Russian and this may have had a steering effect on some of the questions. Of
course, inherent ambiguities in the questions may have influenced the consistency of the
answers. On the other side, the discrepancies between Norwegian and Russian physicians in
classifying pregnancy complications and outcomes were minimal (Paper VI). An example is
the diagnosis of the pre-eclamptic condition, which was defined due to strict, common criteria

in both countries.

One factor not included in the statistical analyses was the risk of repeating low birth weight.
Raine et al. (1994) have shown that prior delivery of a preterm low birth weight infant was a
strong predictor of low birth weigh in a subsequent pregnancy, despite adequate prenatal care.
Information about any previous births of under-sized babies was not collected, although our
results were adjusted for parity. Specifics about the father such as weight and height were not

solicited and thus could not be included in the multivariate analyses as independent variables.

Selection biases

Selection bias might have occurred for two reasons, namely transfer of cases with
complications to regional hospitals and the exclusion from the statistical treatment of mothers
and their neonates because of the unavailability of neonatal urine samples. Patient transfers
were few and were registered. Inclusion of the neonatal weights for those without urinary
nickel samples only reduced the difference between the Russian and Norwegian birth-weight

means by 4 grams, which did not affect the significance test (p<0.001).

Confounders

Although many explanatory variables of birth weight were examined, others are known as
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discussed in the Introduction, such as paternal influence, maternal education, dietary factors,
socioeconomic status and job stress. These characteristics could not be included in the
multivariate modelling since the appropriate information was not collected. Further, the
ability of lead to diminish the importance of the «country factor» in the multivariate analysis
may constitute a surrogate-confounder effect, since the total lead data base is split into distinct
groups by nationality. The mean maternal blood lead concentrations were 0.14 pmol/L (range
0.04-0.65) in Russia, compared to 0.06 pmol/L (range 0.02-0.19) for Norway. However, it is
encouraging that the impact of lead on birth weight grouped by quartiles manifests itself most
strongly in Russia, approaching significance. The view that the lead surrogacy is unlikely is
further strengthened by the finding that the negative association between MBPb and BMIC

(grouped by quartiles) only reached significance for the Russian study groups.

Sample size

Due to logistical and technical limitations, as well as economic restrictions, the sample size
for each country was too small to detect differences in the incidence of congenital defects.
Much larger populations need to be examined to identify such outcomes with adequate
statistical power, as they are relatively rare (see Paper VI). The small number of cases

identified in the present study is consistent with this.

Inadvertent contamination

Although we made every effort to minimize external contamination of the samples, the lack of
opportunity to be personally involved in the early stages of the sample history (i.e., collection,
handling, storage and transport to the laboratory) limited our ability to control the
contamination risk. This may account for some of the outliers corresponding to the highest

urinary nickel concentrations or maternal lead concentrations.
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Explanatory Variables of Birth Weight and BMIC

Urinary nickel

The high urinary nickel concentrations found in the Russian mothers and neonates could not
be explained by known point sources such as the nickel refineries (Paper I). This finding was
confirmed in the Norwegian-Russian Health Study 1994/95 for males and females of the
general population in the Kola Peninsula (Smith-Sivertsen et al. 1997; 1998). Smith-Sivertsen
et al. (1998) have also explored differences related to age and sex, showing that urinary nickel
tends to decrease with increasing age, with no significant differences related to sex. Smoking

frequency had no effect.

The absence of an impact of nickel on birth weight and BMIC is consistent with the lack of
health effects found in the cross-sectional population-based health studies constituting the
Norwegian-Russian Health Study (Smith-Sivertsen et al. 1997). Russian women had a lower
prevalence of nickel allergy, while men had the same prevalence in the two countries. Ear
pearcing was demonstrated to be a strong risk factor for nickel allergy, while no conclusions
could be made about the role of air pollution as a risk factor, despite the higher prevalence of
inhalent allergy on the Russian side as measured by serum IgE concentrations. It was also
concluded that lung function was better than predicted in both countries, and no clear

associations between daily changes in sulphur dioxide and lung function could be verified.

Nickel concentrations in first-voided urines of neonates (Paper I) have not been reported
previously. The significantly higher values for the Russian neonates suggest a free-flow of
nickel across the placenta barrier, even though a strict relationship between maternal and

neonatal urinary nickel was not observed.
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The higher urinary nickel levels on the Russian side, independent of proximity to the nickel
refineries, imply the existence of other sources than environmental pollution. Clearly nickel in
tap water can account for only part of the higher creatinine-adjusted urinary nickel levels
found in Nikel and Monchegorsk (Paper 1), since median tap water nickel levels in other
Russian communties were comparable to those found in the Norwegian locations. Suggested
sources have been certain food stuffs, like cocoa, nuts, dried legumes and certain grains
(Nielsen 1992). Leaching into drinking water from nickel-plated plumbing or from cooking
utensils, as well as oral prosthesis have been suggested (Nieboer et al. 1997). A
comprehensive dietary study seems appropriate to explore this issue. This dimension will
need to be implemented among control subjects of the planned, reproductive-health cohort
study of female workers of the Monchegorsk nickel refinery (Paper VI). As reported in Paper
I (also see Thomassen et al. 1999), female nickel workers experienced considerably higher
nickel and cobalt exposures and intakes than non-nickel workers judging by the observed

urinary nickel concentrations.

Urinary creatinine

The inadvertent finding of a negative correlation between maternal urinary creatinine and
birthweight (Paper I) might be interpreted as a manifestation of subclinical pre-eclamptic
pathohysiology. Endothelial injury in the general circulation has been postulated to incur renal
damage, including oliguria (Erkkola 1997). The observed creatininuria might therefore reflect
the significantly higher incidence of pre-eclampsia in the Russian women (Papers 1, I1, and
III). It is clear that the pre-eclamptic process enhances the risk of perinatal morbidity,
including low birth weight (Erkkola 1997), although an association between pre-eclampsia
and birth weight could not be established in our study. Briefly, a process is initiated that

through many steps leads to hypoperfusion and local hypoxia, disturbing the functioning of
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placental endothelial cells. Baker and Hackett (1994) discuss early predictors of endothelial
damage, using enhanced urinary albumin-creatinine ratios and reduced calcium-creatinine
ratios as screening tests for pregnancy-induced hypertension (also see Grunewald 1997).
Increased urinary creatinine concentrations were indeed found in patients who subsequently
developed pregnancy-induced hypertension (Baker and Hackett 1994). It is not clear whether
oliguria alone accounts for the increased urinary creatinine concentrations. Osmolality

measurements would help to resolve this issue.

In our study we have used spot specimens of maternal and child's urine, unadjusted or
adjusted for creatinine. Our assessment of birth weight and BMIC show only minor changes
when the adjusted values are employed. Sunderman et al. (1986a, b) recommend that 24-hour
specimens be collected to minimize dilution effects. However, this is impracticable in our
type of study. Nieboer et al. (1992) concluded, in a study of Canadian nickel workers, that
specific gravity adjustment of nickel concentrations in spot samples when combined with
appropriate lower and upper limits constitutes the most suitable correction. Although specific
gravity would therefore appear to be preferred over creatinine, it was not feasible to include
this measure in our Russian samipling protocol. The lower neonatal creatinine-adjusted nickel
levels compared to maternal values might be expected due to the lower GFR at birth (20 % of
adult values) (Ichikawa 1990). Neonatal creatinine excretion during the first week after birth
has been correlated with muscle mass (Modi and Hutton 1990), which supports our finding of

a week relationship between creatinine concentration in urine and birth weight (Paper I).

Mineral status
Generally, our results for the various elemental concentrations measured fall into accepted

intervals (Minoia et al. 1990; Burtis and Ashwood 1994). An important exception is the lower
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mean serum zinc concentrations in arctic areas, compared to the sub-arctic group of Bergen
and available reference intervals. The unusually wide range of the ferritin levels in both
countries is also noteworthy. High ferritin has been associated with early spontaneous
premature delivery (Tamura et al. 1996). There is no obvious explanation for the lower serum
zinc concentrations in the arctic areas. In a Scandinavian double-blind randomized-controlled
trial, Jensson et al. (1996) could not show any significant increase in serum zinc levels in a
group receiving zinc-supplementation during pregnancy. However, positive responses to

supplementation have been reported by others (Neggers et al. 1991; Goldenberg et al. 1995).

Other than zinc, the status of copper, iron, or selenium seems satisfactory. This finding is
rather surprising because of: the routine supplementation (especially iron) of pregnant women
in Norway and other western countries; the perception that poor dietary conditions prevail in

Russia; and the significant differences in BMIC found.

The positive correlation found in our study between zinc and birthweight for zinc
concentrations exceeding 10.8 umol/L concurs with the suggestion of a treshold below which
arisk for low birth weight seems to occur (Neggers et al. 1990). The positive correlations
found between selenium and ferritin and BMIC, like that for zinc and birth weight, highlight

the importance of good nutrition during pregnancy.

Obviously, important aspects of dietary influence on pregnancy are not explored with the
small selection of essential elements examined in this study. Nevertheless, it seems prudent to
conduct additional research to explore the low serum zinc levels found in the delivering
women, as well as possible dietary contributions to the observed difference in BMIC. The

administration of a detailed food questionnaire would be necessary.
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Smoking and cadmium

Cadmium concentrations in all areas were low, although they correlated with smoking habits.
The insignificant impact observed of cadmium on birth weight and BMIC finds support in the
work by Loicano et al. (1992). After controlling for confounding variables, they found no
association between placental cadmium and birthweight and the effect of smoking appeared
not to be mediated through cadmium. The relatively low smoking frequency observed ,
especially in Russia, probably accounts for the result that smoking only occurred as a negative
predictor of birth weight in the univariate analysis for the Norwegian group and was not
retained in the multivariate analysis that included essential and toxic elements as parameters.
Interestingly, recent Russian figures for the years after our field work are very discouraging,
showing that the smoking freqency in Russian pregnant populations now approach those

reported for the Norwegian study group (Nieboer et al. 1997).

Blood lead

The Norwegian blood lead concentrations constitute some of the lowest reported to date. Even
so, a significant negative impact on birth weight and BMIC was observed in the multivariate
model. As already indicated (see Limitations section), elimination of the «country factor» as a
significant variable in the model when maternal lead was included, is likely a real effect. This

finding is strengthened futher when adjustment for gestational age was made.

Andrews et al. (1994) have reviewed all epidemiological studies on prenatal lead exposure.
They concluded that associations between prenatal lead exposure and premature rupture of

membranes (PROM), preterm delivery or gestational age have not been confirmed, although
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the existing literature does support a relationship between prenatal lead exposure and

birthweight. In fact, this relationship appears to have a treshold.

The correlation observed between maternal blood lead and cord blood lead is very strong
(=0.88, p<0.001), verifying that free transfer of lead occurs through the placenta barrier

(Hubermont et al. 1978).

Anthropometric measurements

The Norwegian women were somewhat heavier than the Russian mothers in our study (not
significant), and taller (p<0.001), but the mean BMIs were practically identical (p=0.7).
Interestingly, the exclusion of maternal height from the multivariate analyses results in a
significant loss of information. This was not the case for maternal weight, presumably
because it is adequately represented in BMI. The positive contribution of BMI and maternal
height in explaining birth weight or BMIC seemed to be strengthened by gestational age
adjustments. As already indicated (see Introduction), the effect of maternal size on birth
weight and BMIC is most likely mediated through constitutional and genetic factors rather

than in utero nutrition (Mongelli et al. 1996).

Birth weight and BMIC as pregnancy outcomes

The similar BMIC values observed for the Norwegian and Sami newborns, compared to the
Russtan groups, suggest that BMIC may serve as a good indicator of the nutritional status and
possibly also the general health condition of neonates (Paper IV). However, we could not
prove that BMIC is a better measure of neonatal welfare than birth weight. Based on the
essential elements considered, the view that BMIC better reflects intra-uterine nutrition (e.g.,

Wandja et al. 1995) is not borne out. Our results suggest that these two indices provide
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complementary information. A similar conclusion appears to hold for other indices of
neonatal health. In the present study, the multiple regression models gave exactly the same
results when BMIC or Ponderal Index (weighU(length)" n kg/m3 )} was selected as the

dependent variable.

Cole et al. (1997) discuss the usefulness of birth weight versus BMIC, Ponderal Index or
Benn Index (child's birth weight/(length)" in neonatal assessment. Past 39 weeks gestation,
the Ponderal Index is negatively correlated with length, while the BMIC is uncorrelated,
suggesting that BMIC is better. Of these quantities, the Benn Index is the most general as it
assigns the most suitable value of n, the power of length, for each week of gestation. The
Ponderal index seems not appropriate for measuring intra-uterine malnutrition, while BMIC is
a precise tool for evaluation of the birth weight for length at term and thus neonatal general

well-being.

Gender differences in birth weight, BMIC and Ponderal Index have been discussed by
Guihard-Costa et al. (1997). The male neonates usually have higher birth weight and BMIC
values than girls (a fact which was not observed in the present study), with the Ponderal index

showing no sexual dependence.

Wilcox et al. (1995) have introduced a new analytical approach based on relative birth weight.
A comparison of linked birth and perinatal death records for US and Norwegian births from
1986 through 1987 was performed. The outcome measure was defined as perinatal weight-
specific mortality after adjustment for country. The study demonstrated that prevention of
increased perinatal mortality depends on the prevention of preterm births, not on changes in

mean birth weight. Our study 1s far too small to detect changes in perinatal mortality, with
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only one perinatal death during the sampling period (a child with hydrocephalus in

Arkhangelsk).

Our study population consisted of consecutively born children in each geographical area; with
11 Russian children (week 30-35) and 2 Norwegian children (week 32-35) below gestational
age 36. Relevant adjustments were included in the statistical assessment. We observed a
limited linear relation between birth weight and gestational age up to week 39 of gestation,
beyond which there was no systematic dependence. Showstack et al. (1984) also observed a
non-linear relationship. A similar finding has been reported by Cogswell and Yip (1995), who
found that gestational age only affects the low end of the birth weight distribution. Most other
factors, like maternal race, infant sex, parity, education and smoking seem to affect the entire
birth weight distribution, indicating a generalized effect. Cogswell and Yip (1995) also
discussed the possibility that wide variation in birth weight at the high end of the scale may
imply increased risk of morbidity or mortality; higher birth weight does not always equal

better birth outcomes as explored in the next paragraph.

The proportion of children with high birth weights appears to have increased in all Nordic
countries in recent years (Medical Birth Registry of Norway 1995; Meeuwisse and Olausson
1998). In Sweden, the proportion of offspring at term (>36 gestational weeks), weighing 4 kg
or more increased from 16.9 % in 1973 to 20.3 % in 1995. The mean birth weight increased
from 3400 to 3520 g. There was a corresponding increase in head circumference. A higher
risk of delivery-related complications has been demonstrated, like major perineal rupture, as
well as brachial plexus damage. Meuwisse and Olausson (1998) suggest that the higher birth
weight is associated with an increased risk of subsequent morbidity, both in childhood and

adulthood; specifically, Type 1 diabetes, eczema, and certain malignancies, particularly breast
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cancer and prqstate cancer. The cause of the increasing proportion of large newborns is not
clear, but might be associated with increasing maternal weight, probably due to dietary
changes, or reduced maternal smoking. It might be interesting to repeat our study if the socio-
economic conditions in Russia improve. However, the smoking frequency of Russian
pregnant women has increased since our field work was conducted (Murmansk Regional
Health Administration 1998). By contrast, a recent Swedish/Czech study (Koupilova et al.
1998) demonstrates a general fall in mean birth weight and increasing dependence of birth
outcome on social status in the Czech Republic, a finding not seen in the Swedish reference
group. This result was interpreted to reflect the decline and divergence in living standards in
the Czech Republic during 1989-91. As discussed in a subsequent section (The Kola Birth

Registry), similar trends appears to have taken place in the Kola Peninsula.

The mean BMIC observed compares well with values reported for India. Bhalla and Walia
(1996) found the mean BMIC in a geographical area of the Punjab to be 12.2 (male) and 12.5
kg/m? (female), close to the mean value of 11.9 kg/m” in our Russian study group (compared
to 14.0 kg/m’ in the Norwegian group and [3.5 in the Sami sub-group; Paper V). In a more
developed part of India, birth weight has been shown to increase and the percentage of low
birth weight has declined, especially in the rural communities. Interestingly, the rural

newboms weighed less than their urban counterparts (Antonisamy et al. 1994).

Occupational and educational aspects

Our study of pregnant women was not designed to detect developmental and reproductive
problems in occupationally exposed population groups. Sample size was the limitation. An
interesting aspect is the relatively high mean birth weight (3342 g, N=9, Paper I) of the

economically privileged, but occupationally exposed workers in the Monchegorsk nickel
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electrorefinery. We could not detect differences in mean birth weight or BMIC between
groups of different self-reported occupations, which included non-employed women and
women with strenous working conditions (data not shown). Thus we could not confirm the
observation by Bjerkedal et al. (1980) that pregnancy complications were higher among births
of economically active mothers and that industrially employed mothers were at highest risk.
Of course, the small sample-size may be the reason. Strenous working conditions have been
specifically connected to increased incidence of pre-eclampsia (Wergeland and Strand 1997).
Since female employment in Russia is high in industrial settings normally reserved for men in
western countries (e.g., construction, mining, and metal refining in the Kola Peninsula, see
Paper VI), maternal occupation may well have contributed to the high prevalence of pre-
eclampsia found. The stress level of working women may also be enhanced by the lack of

male participation in domestic chores.

As already indicated, information about the educational level of the Russian women was
incomplete in our study. In the Norwegian group a positive, but insignificant, correlation
occurred between years of education and birthweight (B-coefficient 15.5; 95 % CI-9.1, 40;

p>0.05).

Sami as a Sub-population

In Paper [V, we were not able to demonstrate any differences in biological concentrations of
essential or toxic elements between the self-reported Sami study subjects and the Norwegian
mother/child pairs. Although Sami neonates were lighter, approaching that of the Russian

newborns, the BMIC concurred with the Norwegian data.
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There are many difficulties in the definition of ethnic status for scientific purposes (Ahdieh et
al. 1996) and therefore self-reported ethnic status was employed. Interestingly, Lahermo et al.
(1996) have shown Finnish Sami to be genetically distinct, a finding that likely applies to the
Norwegian Sami as well. As reviewed in the Introduction, genetic factors can influence birth
weight and this is relevant clinically when defining large-for-gestational age infants in
diabetic pregnancies (Dornhorst et al. 1996). Our observations concerning the Sami
mother/neonate pairs cannot be conclusive because of the small sample size, although they do

warrant closer scrutiny and follow-up.

Lead in Children

A surprising finding in Paper V is that the highest blood lead levels in school children
occurred in the most remote and isolated community. We would expect the Russian urban
centers to experience greater lead contamination from leaded gasoline and industrial
activities. A likely explanation is the higher consumption of traditional foods obtained in
subsistence hunting with leaded ammunition (see Paper V for details). This interpretation has
recently been confirmed in the work by Dewailly et al. (pers. com.), who used lead isotopes
for tracing the source of the lead in native and non-native Canadians. The lead in the blood of
native people could be clearly linked to the unique isotopic ratio characteristic of leaded

ammunition,

As discussed 1n the Introduction, the blood-lead level of medical concern for children is not
well-defined and that likely there is no treshold level (e.g., Schwartz and Otto 1991; Todd et
al. 1996). Both mild cognitive and behavioural symptoms are likely at the measured
concentration levels. Lead intake advisories, rather than medical intervention or screening, are

warranted. However, this approach will likely be complicated by the economic hardships that
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enhanced lead absorption (Mahaffy 1990; Sargent 1994).

The Kola Birth Registry

The construction of the Kola Birth Registry was a response to the concern expressed by
Chashschin et al. (1994) about a possible increase in structural malformations among babies
of occupationally-exposed female nickel workers (see Paper VI). The possibility of initiating
a comprehensive epidemiologic study of the reproductive health among female nickel workers
was confirmed by a Feasibility Study (Nieboer et al. 1997; Paper VI). A high priority for this

work was a birth registry constructed following international guidelines.

To date, the Kola Birth Registry includes 12 560 maternal/neonatal entries. By the end of
1997, its 4750 entries covered births for the years 1986-1993 for the towns of Nikel,
Zapolyarnyi and Monchegorsk. Since that time the original entries have been checked and
verified against the original medical records and all births for the years 1973-76, 1983-85, and
1994-96 have been added for Monchegorsk. About 40 % of the registered adult females work

at Severonickel, of whom about one-half are extensively exposed (mostly to nickel).

Information about childhood illnesses have been added up to 15 years of age. To compile data
on centres in the Kola Peninsula without heavy industry, births from the town of Lowozero
are being added. Many of the inhabitants of this town are indigenous people (see Paper V).
The usefulness of the Kola Birth Registry is becoming evident. For example, the trends in
birth rate, stillbirths, perinatal deaths and birth weight for the years 1981-93 for the entries are
compared in Table 3 with the national Norwegian statistics. A perusal of the numbers show a

moderate increase in birth rates in Norway, and a dramatic decline in Russia in the period



43

1988-1993 (end of the «Perestroika effect»). The economic conditions may also make
pregnancy less common among low income women, as reported for the Czech Republic
(Koupilova et al. 1998). The trend to lower perinatal death cases in Norway appear to be
weakly reflected in the Kola statistics. While the mean birth weight in Norway has remained
nearly constant over the period considered, there is a slight downward trend in the Kola

Peninsula, which is consistent with the worsening of the economic conditions.

Another use of the Birth Registry is to examine the prevalence of childhood cancers.
Preliminary results suggest an enhanced risk for babies born in Monchegorsk, especially of
parents employed in nickel refining. In the next section, the possibility of a nested-case-

control study of birth defects within the Birth Registry is described.

Russian health officials have aknowledged the importance of the Birth Registry as a public
health research and monitoring tool. The Federal Health Ministry of the Russian Federation is
considering the adoption of a simplified version of the Kola Birth Registry for use in all

counties of the Russian Federation.



Table 3. Examples of trends in birth rate, stillbirths, perinatal deaths,

and birth weight, adapted from the Norwegian Birth Registry and the

Kola Birth Registry for the period 1981-93.

Year

81

82

83

84

85

86

87

88

89

90

91

92

93

Birth rate

(per 1000)
Norway Kola
11.9 17.4
12.0 18.0
11.7 20.0
11.8 19.3
12.0 18.8
12.3 19.2
12.7 19.6
13.5 16.3
13.9 13.3
143 12.0
14.0 10.0
14.1 83
14.0 8.4

Perinatal

(per
Norway
9.5

10.0
10.2
8.9

93

8.1

7.9

8.0

7.7

1.7

7.1

7.1

6.8

deaths
1000)

Kola

21.1

234

27.2

219

19.8

Birth

(mean,

Norway
3499
3488
3484
3485
3478
3486
3481
3482
3478
3474
3477
3490

3509

Weight

grams)

Kola

3303
3367

3362

3379
3440
3340
3333
3235

3245
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Reproductive Study of Nickel Workers

As indicated in Paper VI, a preliminary report of raw data about apparent increases in
spontaneous abortions among female nickel workers and structural malformations in their
babies was published by Chaschschin et al. (1994). The Feasibility Study of Reproductive and
Developmental Health in Relation to Occupational Exposure to Nickel in the Kola Peninsula
of Russia (Nieboer et al. 1997) was initiated to determine if a more comprehensive
epidemiologic study was possible. The Feasibility Study included exposure assessments by
personal sampling, and an evaluation of the availability and reliability of medical registers,
records, and journals. A worker questionnaire exploring life-style and other personal issues
was also tested among the female nickel workers. The exposure assessment clearly showed
that the Monchegorsk nickel workers are heavily exposed to nickel-containing process
intermediates (Thomassen et al. 1999). It was concluded that a well-designed, comprehensive
epidemiologic study is technically feasible because of the availability of a favourable pool of
study subjects, reproductive/developmental outcome data, information to control for major
confounders, and suitable occupational records. Current exposure assessments may be
expected to reflect past exposures as few process changes in the refining of nickel have been

made in the period 1970-present.

A consideration of the size of the past and current workforces of the Monchegorsk refinery
and sample size calculations indicated that a cohort study of all pregnancies since 1970, or a
cross-sectional study of pregnancies among current workers, would be amenable and suitable

for the detection of an excess risk of spontaneous abortion with adequate statistical
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significance and power (see Paper VI). Exposure assessment by job categories supplemented
by biological monitoring are also required to explore causal relationships. A questionnaire
seeking life-style information pertinent to reproductive health needs to be administered. A
case-control study of birth defects nested within the Kola Registry appears to provide a valid

approach to detect and explore adverse developmental outcomes.

The described studies are in progress.
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Pesiome

IIpeonoceiaxu
Hccnenosanme Ha4waioch H3-3a cTpaxa obuiecTBeHHOCTH nepen HebaaronpusTHLIMH
SBIEHHAMH B PENPOAYKTHBHOM 340POBbE H HCxonax GepeMeHHOCTI B paiioHe
PYCCKO-HOPBEXKCKOMN rpatuLibl MO COCEACTBY C HHKEJIb NPOH3BOAALLEH
npombliieHHOCToI0 Ha Konbckom nonyocrpose. IlepeoHauanbHoit 3anavei Ou1io
OLIEHHUTb COCTOSIHUE 30POBbA POXKAIOLIMX XKEHLIHH M Pe3yJbTaT HX POJOB CPenH
00BIYHOrO HAaCENEHHS PYCCKO-HOPBEXKCKOH aPKTHHECKOH TEPPHTOPHH, BKIIIOYAs
TAKKE OLIEHKY KOHLIEHTPALUHH KH3HEHHO-HEOOX0AHMBIX M TOKCHYHBIX 371eMeHTOB. B
XOJle MCCIEA0BAHHA BaXXHOMN NPobieMoit CTaNIo TaKoke 340POBbE XKeHWHH-pabounx
HHKEJIEBOl MPOMBILUIEHHOCTH, NO/IBEPTaloUIMXCs NPoheCCUOHALHOM SKCIO3HLMM, H
nereit, xuBymnx Ha KonbckoM nonyocrpose. Mamepuan: B nepion ¢ anpens 1994
no HoHe 1994 rona 6bina cobpana nupopmauus npubausurensto o 50 marepsax, o6
MX pofiax, obpasupl HX KPOBH M MOMH, 2 TaK ke 00pa3iLbl KpOBH H MOYH HX
HOBOPOXXAEHHBIX AeTeil u3 3 roponos Poccum : Apxanrenscka, Hukens u
MoHueropcka 1 U3 Tpex Hopsexcknx roponos: Kupkeneca, Xammepdecra u
Beprena. Apxanrenbsck b1 BoiGpat kak Gonbinoit cybapxrudeckiii ropon 6e3
Kako#-nubO HKUKENEBOIt MPOMBILLIEHHOCTH, B TO BpeMs kak Hukens n Monueropck
BLUTH BIUTIOYEHDI KAK TOPOAa C HHKENEBO MPOMBILLINEeHHOCTHI0. Kupkenec sin
BbIOpan Kak caMbiii GH3KHA 10 COCEACTBY K PYCCKOH HHUKENIEBOH NMPOMBILIJIEHHOCTH
HopBexckiii ropoa, XammepdecT kak apkTHuecknii ropon Ha nobepesxse 1 bepren
KaK Apyroii cybapxrudeckuit ropoa 6e3 kakoro-info npou3soACTBa METALIa, ¥
HaxOoAALIHIACA Ha NOYTH TOil e caMoil mpoTe, uTo U Apxanrensck. Kpome toro, B
1995 rony no npocbbe MecTHOrO 3npaBoxpaHenns 6bina cobpana HHbOpMaLs O
JeTax ¥ 06paslbl HX KPOBH H3 HHAYCTPHANILHOrO ropoaa Ha Konbckom nosnyoctpose
AnaTuThl, H M3 ABYX yAAIEHHbIX AepeBeHb C KOPEHHbIM HaceneHnem: JIoBo3epo
Kpachowense. Pesyasmamesr: KOHLUEHTPaLHA HHKeNs B MO4e Obina 3HauHTeNbHO
BBILLE B PYCCKHX HCCIEAYEMbIX rpymnnax. HCTOHHHKH IKCMO3HLIH HHKEEM PYCCKOTO
HaCeNieHHs, KOTOpbIe MOFH Dbl 00BACHHTD ITO pa3niiite, OCTATCA
HEBBIACHEHHBIMH, JKCMIO3HLIHA HHKEJIEM, MOTYy4YEHHas H3 OKpyXarolel cpens,
OLIEHMBAETCS 1O BbIAENEHHIO HHKENA M3 MO4H, H, Kak Obiso Nokas3aHo, He aBaseTCa
NpeAcKa3biBatoLLell NepeMeHHO Hi ANA HH3KOr0 BECA NPH POXKAEHHH, HI JUIA

NOKa3aTens Macchl Tea HosopoxkaeHHoro (itnaekc BMIC). Munepanbhbiii cratyc



POJEHHL H3 apKTHYeCKHX U cyDapkTnuecknx obnacreit Hopserus 1 3anaguoft
Poccun 6b1a anekBarHbiil, KpoMe LMHKA. Pa3inyuue B KOHLEHTPALKAX UMHKA B
PYCCKO#t U HOPBEXCKOI CHIBOPOTKE YKa3bIBAET HA Pa3IHYHE MEXAY APKTHYECKHMH H
cybapkruyeckumy 061acTAMH MO PasHble CTOPOHBI FPaHULB! ABYX cTpaH. LiuHk B
MAaTEepPHHCKOI1 CHIBOPOTKE ABJIANCS NO3HTHBHOI NMPEACKa3bIBAIOLIEH NepeMeHHO LA
Beca npu poxxaeHun. CBuHel B MaTEPHHCKOH KPOBH Obin HeraTuBHO#
NpeNCKa3bIBAIOLIEi NePEMEHHO A BECA NPH POXIECHHH, NAXE NPH CTONb HH3KHX
KOHUEHTpauusx. BrioyeHue B pacyeTsl N0 MHOMOBAPHAHTHOR MOZENH CBHHLA B
MaTepHHCKOI KPOBH MPUBENIO K M0TEpPe CTATHCTHYECKOH 3HaYHMOCTH Mo
HecnedHyeckomy pasnuuuio_ctpaH. KoHUEeHTpalHs CBHHLA B KPOBH LUIKOJILHUKOB,
JKUBYIIMX B YAQJIeHHBIX paiioHax Koabckoro nosryocTposa, NOXOAMT O yPOBHA,
Tpebytomem BpadeGHoro paccmoTperus. CpenHHit Bec NPH POXACHHH M OKA3aTeNnx
Macchl Tena HopopoxaeHHoro (uuaexc BMIC) Gbut 3Ha4HTENBHO HIXKE B PYCCKHX
rpynnax, BEPOSTHO, 3a cueT AedhHuMTa B TMTaHUY BO Bpems GepemenHocTH B Poccuu.
BposxeHHble YPOACTBA BCTPEUYATHCH CUIIKOM PeaKo, 4TOObI MX OLIEHHBATD.
OnHako, 370 UCCneNOBaHHEe He KACAETCS PACCMOTPEHHUA BIMAHHIA Ha PENPOAYKTHBHOE
300POBbE H Ha Pa3BUTHE 1J1I04a Kak cpeau 0ObIMHOIO HaceneHus, Tak U CPeaH
JKEHLIMH C BbICOKOI 3Kcno3uLrei, paboTalomHxX B pycckoil HHKeNeBoi
npomsliuneHHocTH. Paboune MoH4YEropckoro HHKeNEBoro KoMOHHaTa CHILHO
3CMNOHUPOBaHbI HUKENIEM, U 3aHATOCTb MaTepei Ha HUKeJIeBOM KOMOHHATe NOJDKHA
6bITh HCCIeN0BaHA B AalibHeilieM kak Gakrop pHCKa UL BPEAHBIX PENPOLYKTUBHBIX
nocneacTeHii. Xopowo CriaHHpoBaHHble, MOJHbIE IMHAEMHONOIHYECKHE
HCCNIeN0BaHHsA PenpoayKTHBHOIO 310POBbA U Pa3BUTHA 1104 CpeaH paboumx
HHKef1IeBOro KoMOK1HaTa BIOJIHE BO3MOXKHbI TEXHH4ECKH, FAPaHTHPOBAHbL H YK€
nposoastcs. 3axnovenua; Hukakie BAMAHIA HCCneaoBaHHBIX fakTopos
3arpA3HeHHs, 32 HCKJIHOYEHHEM OTPHLATENBHOTO BilAHHA KOHUEHTPaLHi CBUHLA B
MaTepHHCKOH KpOBH, He ObLii 3aMeueHbl Ha NOCAeCTBHsA OepeMeHHOCTE, Ha BeC
NpH POXKIEHHH H Ha NOXa3aTeNb Macck! TeJa HoBOpoxaenHoro (niaekc BMIC).
CraTHeTHYECKH 3HAYHMOE Pa3iHyle MeXAY CPeAHHM HOPBEXCKHM H PYCCKHM
floKa3aTesieM Macchl Tefa HoBopoxkaenHoro (yHaexc BMIC) npeanonaraer, yto B
PYCCKHX rpymnnax Morno ObITh IUIoXoe NHTaHHE MaTepH BO Bpems HepeMeHHOCTH.
KoHueHTpaumu cBiHLA B KPOBH, 110 CBOEMY YPOBHIO NpHOMIDKAIOLIHECH K 3HAYEHHIO,
Tpebyrotuenmy BpaueBHOro BrneilnaTenscTBa, Habmoaanicek y neTeil, *UByLIHX B

YAaN€HHbIX MECTaxX Konbckoro nojayocTpoBa.



OCHOBHBbIE PE3YNHTATHI

Cmames 1

Konyenmpayus nurenn 8 moue u 803moxicHbie ucxodst bepemennocmu

Bbina U3MepeHa KOHLUEHTPaLHsA HUKENA B MOYE M NIPOBENEHO CPABHEHHE 3THX
3HAUYEHHIl Y POXKAIOLUMX XKEHLLHH H X HOBOPOXAEHHBIX J1€TEH B PyCCKHX M
HOpBEXCKUX 007acTsX, a Takke OLleHeHb! Bec npH poxaeHuu 1 BMIC- xpurtepuii B
CBSA3M C KOHLIEHTPALHeH HUKENA B MOYE H MO aHAMHECTHYECKOMY OMNpocy.
Brinenenne Huxens B Moye GbUI0 CyllecTBEHHO BhIlle B pycckux obnacTsx BHe
3aBHCHUMOCTH OT TOTO, Obls1 1M HHKENEBbIN KOMGHHaT, ABNSOLWHNNACA HCTOYHHKOM
3arpsi3HEHUs OKpyXarole cpelbl, B JaHHOH obnacTu unu HeT. Bec npu poxaeHuH U
BMIC xpurepuit GbU1M CyLIECTBEHHO HIDKE B pyccxux rpynnax (p<0.001) kax ¢
KOPPEKTHPOBKOH, Tak  Ge3 Hee, Ha cpok BepemenHocTH. MHorosapHatHsIi
AMHENHO-PErpecCHOHHbIA aHANIN3 He NOKA3LIBAET BAMAHHA KOHLEHTPALUH HUKENS B
Moue Ha Bec npu poxaennu. Hunexc Mateputckoit Maccnt Tena (BMI) u
MaTEpPUHCKHIT pOCT ObLIM NO3UTHBHO KOPPENMPOBAHEI C KOHUEHTPALHEN HHKENA B
MOYeE; B TO BPEMs kak KPeaTHHHH B MOYE, BHANMO, SIBJIAICS HE3HAYHTENbHbIM
oTpHuaTenbHbIM (GakTopoM. B To e Bpema xyperHe 0ka3anoch 3HaYHTENbHbIM
oTpHuaTenbHbM (aKTOPOM TONIBKO JUI HOPBEXCKOH IrPYNIibl, CpeaH KOTOPOi
4aCTOTa 3TOit BpeaHoit npuBbIdkH Obuia 3HauuTenbHO Brine (p=0.005). daxTop
CTpaHbl B NaHHOI Mozeny He 6bu1 yBenuTenen kak BaxHbli GakTop pHcka Ans Beca

npu poxxaeHnH nin kputepus BMIC

Cmameos II

JKusnenno-easicusie 3.1eMeHmMsl, 66C NPU POHCOCHUN U UHOERC MACCH mena
NHOBOpOICOENIOZ0

Poskarouiie XeHLHHbI H HX HOBOPOKAEHHbIE AeTH OblITH HCCNENOBAHBI OIS TOTO,
4TO6B! H3Y4HTh B3aHMOCBS3b MEXy MaTEPHHCKHM CTaTyCOM MO XKH3HEHHO-BAXHBIM
37eMeHTaM i BecoM np poxkaennn uni BMIC. Brina cobpana nudopmaums 06
obpase xi3nn 1 06pasLsl CbIBOPOTKH OT PyCCKHX H HOpBexCKHX rpynin. Hexone
GepemeHHOCTH Bbinii IPOBEPEHb! N0 MEAHLIMHCKHM KapTam. bbutn onpenenexet Menb,
ceneH, LBk H GeppHTiHH B cbiBopoTke. Cpeanuit BEC NPH POXKAEHHH Takxke, Kak 1

BMIC, 6b1a11 3HaUHTENLHO HIKE B pycekoit rpynne (p<0.001). Mens, xeneso ( B



BHJle (eppHTHHA) U CeJieH B CbIBOPOTKE OblIH B 0ObIMHOM AHANO30HE, TOrAA Kak
YPOBEHb LMHKa U1 06e1x cTpaH Obtn B SONbLIMHCTBE CBOEM HHKE HH3LIEH MPaHHLbI
IMana3oHa, XapakTepHOro Ui koHUa GepeMennocTd. KombuHMpoBaHHble
Pe3yAbTaThl eJMHHYHOIO- WM MHOTO-BaDHAHTHOI'O PErPECCMOHHOIO aHAM3a Beca
npu poxaexun i BMIC nokasanu cnenyouee: LHHK B CbIBOPOTKE SIBJSIICA
NO3HTHBHLIM NPENCcKa3aTesieM NpH KOHLIEHTpauusaAX, npesbiaomux 10.8 Mxmons/n.
Bnunsnue paznuuHsix 3neMentoB Ha BMIC, crpynnupoBaHHbIX O 4acToTe
pacrpeneneHus B YeTHIPE PABHBIX MHTEPBANIA, NABAJIO 3AMETHYIO KOPPEJSLHMIO TOLKO
ans cenena (p=0.03) u ¢eppuruna (p=0.02), B TO BpeMs KaK HHUKAKOI1 B3aHMOCBA3H
He 6buTo Ut Menu u uuHka. T.o., (HEraTHBHO) OTPHLIATENLHO KOPPENHPYIOT MEXAY
c000#i KOHLIEHTPALINA KPeaTHHHHA B MATEPHHCKOH MOYE U BEC NPH POXAEHHH
(p=0.001). 3a uckmoueHNEM LHHKA, MUHEPANBHBIH CTATYC POMXAIOLIHX SKEHIOMH B
apkTHYecKuX W cybapkTnueckux obnactax Hopseruu u 3ananHoii Poccun, BeposTHo,
SBJIETCA OANHAKOBLIM. BMecTe ¢ TeM, 3HauuTenbHO 6onee HU3kue 3HaueHus BMIC s
pycckoit rpynne Moryt 6biTh 06bACHEHb! AedelinTOM B MUTaHUK MaTepeii B Poccuu
BO Bpems GepemenHocTH. ONHAKO, HCCNENOBAHHE CEAOB 3EMEHTOB, MPOBEEHHOE B

370#i paBoTe, He NaNo Kakoro-Hubyk MOATBEPIKACHUA STOMY NPEANIONOKEHHIO.

Cmames II1

Ceuney u xa0Muii 8 Kposu u sec npu podxcoenun

Hnas Toro 4To6bt HCCNEAOBATH B3AHMOCBA3b MEXY MATEPHHCKHM CTATYyCOM 110
KaJMHIO M CBHHIY H BECOM NPH POXAEHHH, kak HCXonoM BepemennocTH, Gbutu
M3y4EHb! POXKAIOLIHE XKEHIIMHbBI U HX HOBOPOXIEHHBIE AETH H3 HECKOIbKHUX pPailOHOB
Poccun n Hopserun. Beuti onpenenenbl CBHHEL M KaAMHil B MX KPOBH. 3Ha4eHHE
MeHaHbl KaIMHA B pyCcckoit rpynne coctosnano 2.2 umons/n (N=148) npotus 1.8
HMOAB/N B HopBexcko# rpynnst (N=114), p=0.55. HeGonbluas B3aumMoceasb
Habmonanace Mexcly KaAMHEM B MATEPHHCKOIT KPOBH H KOJIHYECTBOM BbIKYPEHHBIX
curapert (r=0.30, p<0.001); Ho He 6bLIO HUKAKOH KOPpENALMY MEXIY KAIMHEM B
MaTEPHHCKOH KPOBH M BECOM NpH poxxaeHHH. 3Hauenns ceiHua 6bLn 0.14 (Poccis)
1 0.06 mxmons/n (Hopserus), p<0.001. Mensana 01st CBHHLA B HOPBEXCKOit rpynne
AABJAETCS OfHHM H3 CaMbIX HH3KHX 3HaYEHHH 1A B3POC/IOrO HACENEHHs, O KOTOPOM
coobmaercs B faHHOE Bpems. YPOBEHb MATEPHHCKOI KPOBH 1O CBHHLY CHJIBHO
KOPpENHpYyeT ¢ ypoBHEM KposH H3 nynosiiusl (= 0.88, p<0.001). B sHorosapHartHoit

MOJAENH NHHeITHOoI perpeccuin, CBHHEU B MaTepHHCKOﬁ KpOBH 6bin ONpenenNcH Kak



oTpuuaTesbHas obbacHsowasn nepementas (p<0.05) ana seca npH pOXAEHHH H 1A
BMIC, ¢ koppekTHpoBKOil 1 Ge3 Hee Ha CpOK GepeMeHHOCTH. Mopnobhyio
B3aumocBs3b npeanaraer # ANOVA- aHanu3 cuHLa B 0bpasuax MaTepHHCKO
KPOBH, CrPYTITHPOBAHHBIX 11O YaCTOTE PACMpPeNeNiecHHs B HETHIPE PABHBIX HHTEPBAJIA.
Y poBeHb CBHHLA B MaTEPHHCKOH KPOBH, N0-BHAHMOMY, B Ka4€CTBE dakropa
BO3ZEfiCTBHA OKpyXaroLueii cpeabl, MOXeT GbITb ABHEIM MpECKa3aTeneM HU3KOro
Beca npu poxaenuu ¥ Huskoro BMIC. OH CymeCTBEHHO YMEHBLIAET BKJIAN takTopa

CcTpaHbl nIpu 06bACHEHHH HabmonaeMbrx passiMinii B BECE NPH POXKACHHH.

Cmampa IV

Cobcmeennan oueHka 3MHUYECKO20 CIamyca, WHOeKe Maccel mea
HOBOPOHCOEHHBLX U KOHKEHMPAKHA MOKCUHHDLX U HeUIHEeHHO-HeobXo0uMbLX
INeMeHmos 8 KpO6u, CbleOpOmMKe U MOHe.

Kak 4acTb nporpammb! ApKTHHECKOTO MOHHTOPHHIA H €70 OLEHKH (AMAP), mbi
HCCaenoBaM HEXOM 6epeMEHHOCTH CPEH Hace/ieHHA CaamM H HOPBEXCKOTO
nacenenns B ®unmapke. Kak B 37oii yactu Hopserun, Tak 1 Ha Konbcxom
nosryoctpose Pocchy noss3yl0TCs B OCHOBHOM TIOKa3aTeneM BMIC.
JIOMONHUTENbHBIMH MCTOUHUKaMH HHPOPMALIMH K BMIC cnyxHnu noay4€eHHbIE
KOHLIEHTPAUHH XH3HEHHO-HEODX0AUMBIX W TOKCHHBIX 3JIEMEHTOB B BUONOrHYecKux
XHIKOCTSX y4aCTHUKOB 3TOrO Hecnenosaus. B Gonbuuuax Xammepdecra u
Kupxeneca B nepnon ¢ Hosbps 1993 r. no uione 1994 r. 107 xeHuHH POAHIH AETEH,
13 HHx 15 cunTann cebs NO HALUMOHANBHOCTH caamu. B pycckoii rpynne 151
JEHLMHA POMHAH AeTell 3a TOT ke Cambiit NepHOA. JeHIHHbI N0 HALHOHAILHOCTH
caamy GbLNH 3HAYHTENbHO CTaplue, YeM B pycckoi rpynne (28.5 npotus 25.1 ner
p=0.04). Cpenmuii BeC npu poxcaeHHy ObUT 3HAHMTENBHO HUXKE B rPYNNe Caamu, 4eM B
06b1uHOit HopBesxkckoii rpynne (p=0.01), Ho 6b11 CPaBHHM NO BEH'HHE CO 3HAUCHHEM B
Poccin (p=0.4). J1an BMIC pesynbTarthl caamMH W HOPBEXCKHE nono6ust (p=0.2); u 0ba
3HauHTENLHO Bbilue, yeM B Poccun (p<0.001). JKu3HeHHO-HEOOX0AHMBIE 3IEMEHTDI
Menb, LIMHK, CeNeH 1 xene3o ( B Buae GpeppHTHHE) B CHIBOPOTKE HE PA3IHHAIOTCA
MEXIy TPYTNanH, XOTs OTHOCHTEILHO HH3KHE YPOBHI LINHKA B CHIBOPOTKE 6binn
3a0KYMEHTHPOBaHbI 1A BCEX H3Y4eHHbIX rpyni. KOKUEHTpauns KaaMia B KpOBii
CHJIbHO CBS3aHa C 4acTOTOil kypeHus. YpOoBeHb CBHHLA B KPOBH H HilKE/A B MO
6biJ1 3HAUHTENBHO BbIlLE Y MaTepeii u3 Poccln, HO TEM HE Metiee OH HE IOCTHTAN

YPOBHS, NpH KOTOPOM TpeOyeTcs BMeLIaTeNbCTBO spaueil. Hukakoii aTnHueckoii



Pa3sHHULIbl B KOHLEHTPALIHSAX KH3HEHHO-HEOOXOAMMBIX 31EMEHTOB, a TAKXKE KaAMHs H
pTyTH B Guonoruieckux XHAKOCTAX He Habmonanock. OnHako, pasHuLa Mexay
HauusAMH Gbina oueBHIHOM No cBuHLy M Hukemo. Ho 3T BuiBons! crenyer
06Cy*maTh ¢ OCTOPOXHOCTHIO H3-3a HeGOBILOrO KOJMYECTBA YYaCTHHKOB B
rpynnax. AHanoruyHsie 3HadeHun BMIC, Habnonaemsle y HopBexckux
HOBOPOXAEHHBIX U HOBOPOX/EHHBIX CaaMH, NPH CPABHEHHMH C PYCCKHMM IPynnamu,
yKa3blBaloT Ha T, 4T0 BMIC MoxXeT ciyHTb XOPOIIHM HHAMKATOPOM CTaTyca
MHTaHHA &, BO3MOXHO, TaKxKe HHAMKATOPOM OOLIEro COCTOSHUS 310pPOBL

HOBOPOXIEHHBIX.

Cmamea V

Iogvimennaa konyenmpayun ceunya 6 Kposu demeii, Hcugyugux &
usoauposanusix obracmax Koiscrkozo noayocmposa.

Io npocs6e MypmaHckoit anMHHHCTPaLIMM N0 31PaBOXpaHeHHIO 65T onpeneneH
CBHHEL| B KPOBH JieTel B Bo3pacTe 5-14 sier B Tpex obnactax: 2 rpynnst (N=24 u 39)
M3 ANaTUT, HHIYCTPHANLHOTO ropoa; rpynna (N=47) us JIososepa, H301MpPOBaHHOI
nepesHH caamu; W nocneauss (N=14) u3 KpacHowenss, ynaneHHoi nepesuu ¢
CaaMu, KOMU H HEHELIKMM HaceneHneM. HeolkHIaHHO BbICOKMIt YPOBEHD CBHHLA B
kpoBH Bbun Haiinen B HanGonee uzonupoBanHo# obnacty, a uMenHo B KpacHomesbe.
Menuana konuentpaumuu ceunua B Kpacxowense 6bina sHauutemsto seune (p<0.01
unu p<0.02) 3nauenuii u3 Jlososzepa u Anarut. B camoii xe rpynne u3 Kpachowenss
YPOBEHb CBHHLIA HE 3aBUCH OT nojia. [IpoueHT feTeil o CBHHLOM Ha YPOBHE HIH
Bblllle YPOBHS, TPeByloLero MeMLMHCKOTO BMeLIATeNbCTBa, 0.48 MkMonb/n, Gbin
BbllE BCero - 36% B KpacHouuense, B To Bpems kak 4.2 1 9.8 % B asyx rpynnax us
Anatut 1 6 % B JloBo3epe. Y BCex, 3a HCKJIIOUEHHEM TpeX, H3 124 HeenenoBaHHbIX
AeTell KOHUEHTpaLus QeppHTiHa GbLia Bblllle KOHLIEHTPAUHH, YKa3bIBAIOLIETi Ha
yMeHbLIeHHbIe 3anacs! xene3a ( 10 mxr/n s Bospacra < 14 ner) ; 3navenus
MeqHuaHbl KOHUEHTpauHH1 QeppHTHHA CPaBHHMBI JUIA BCEX YeTbipex obnacreii.
CnenoBarenbHo, OTIHYHEM B CONEPXKAHIH KeIe3a HENb3s OOBACHHTD NOBBILIEHHYIO
KOHLIEHTPALHIO CBHHLA B KPoBH B rpynne u3 Kpacuowenos. BeposTHeim
06bACHEHHEM MOKET CIYXKHTh HCTONL30BAHHE CBHHLOBBIX Myflb NPH OXOTE,

ABNAKOLILENCA TPaAHLHOHHO BaXXHOI 1A NPONHTAHHA B 3THX MECTax.



Cmameoa VI

Kpumuuecran oyenka ucmoyHuxk08 MeOUKUHCKUX, CIamUCmMuieckux u
npogeccuonansibix dannsix na Konsckom noiyocmpose.

B03MO0HOCTb H3yueHus npodeccHoHaIbHOIT 3Kcno3uLHy pabounx HHKeneBoil
npombineHHocTH Kosibckoro nosnyocTposa 6bina noackasana nepsbiM OTYETOM
1992 rosna 06 BO3MOXXHOM pPeNnpoAyKTHBHOM 3[0POBLE M PA3BHUTHH TUIOJA Y XKEHILWH-
pabouux nukenesoro kombuHata B Poccun. IlepsoHayuanbHOM LENbIO HCCNEAOBaHNUS
6bU10 y3HATh, MOTYT JIH ObITH HCMONB30BAHBI MEAHLIMHCKHE, CTATHCTHYECKHE H
npodeccHoHabHble Ga3bl AaHHbIX AAs nomy4eRis Hadopmatiun 06 HeTopHIX
6epeMeHHOCTH, npoecCHOHANBLHOro aHaMHe3a i CTHIE XM3HU XKeHLHH. TIpoekxr
6LUIO NIEFKO OCYIIECTBHTD NMYyTEM CO3AaHHA PETHCTPa BCEX POXICHHH B Tpex
ropojax ¢ HUKENeBLIMH KOMOHHaTaMHi H IIPOBEPKOH NPaBUIBLHOCTH €10 COAEPXKAHHA
N0 MEeAKapTaM H3 POIOMOB, THHEKOJIOTH4EeCKHX OTAENeHHH GONBHHI M PaHOHHbBIX
MOMHKIHHHK. BbUIH Takke NPOCMOTPEHBI 3aMHCH MYHHLIMIAJIbHOTO
PErHCTPALHOHHOTO COBETA, PErHOHAILHOTO CTATHCTHYECKOTO COBETA 110 310POBbI0 U
3anucH(kapTst) ¢ HHKenesoro kombunata. Mccnenosanne nokasao, 4ro
1HpOpMaLHA O PENPOAYKTHBHOM 310POBbE H Pa3BUTHH U104 U HHdopmaLms 06
HCTOpHAX pabouHX MECT ABNAITCA NpHeMiIeMbiMH. PacueTsl pasmepos BeiGOpkH
IOKa3a/H, YTO FPYNNOBOE HCCIeA0BaHue By eT NErko BLIMONHHMO H yao6HO Ui
OnpeieNieHHs NOBbILLEHHONO PHCKA CIIOHTAHHBIX a6OPTOB € a1eKBaTHO
CTaTHCTHYECKOIT 3HAUHMOCTBIO H CTATHCTHYECKOH cunoi. Takue Hccnenosanus
IOJKHDBI BbITh NONONHEHb! OLEHKOI MOHHTOPHHIA OKPYXaoLIeii Cpensbl, OUEHKO
6HONOrHYECKOr0 MOHUTOPHHI, NO3BOJIAIOLLErO OLEHHTb B CBOIO O4epenb
3KCMO3HLHIO NPOGECCHOHANBHO OMaCHBIMU BELIECTBAMH, H ONPOCOM pabounx ans
nosyuenHs uHdopmanu 06 1x crivne xu3Hn. KonbCkiil perueTp poxneHuii,
buKCHpYOIHiT KaXblil OTAENbHBLI cyyaii, Dbl pEKOMEHN0BAH A H3YHeHHs
BpOXAEHHbIX AedexToB. X0OpOLIO CIUIaHHPOBAHHOE, NOJIHOE 3MHAEMHOIOrHYECKOe
HCCNEAOBaHIE BO3MOXHO Baroaaps Hann4nio HeOBXOAUMBIX [U1s aHanu3a 00 bEKTOB;
naHHbX 06 penpoayKTHBHBIX HCx0Aax H 06 pasBHTHH IUIOAA, BO3MOXKHOCTbIO
KOHTPOJIHPOBATHL NPABHJILHOCTb NONTY4aemoii itHdopMaLHu 1 HamuHem ya06HbX

I nansHeiieii paboTs npodeccHOHaNbHBIX 3anHCei.
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INVITASJON TIL A DELTA I ET FELLES
NORSK-RUSSISK FORSKNINGSPROSJEKT.

Kjare fedende kvinne.

Vi har i v8rt land i lenger tid vart opptatt
av mulige konsekvenser av forurensing av miljeget vi lever i.
Du er herved invitert til & delta i en felles norsk-russisk
undersekelse om sammenheng mellom forurensing i omgivelsene og
kxomplikasjoner under svangerskap og fedsel.

Fpdeavdelingen var deltar nd i en sterre
internasjonal underspgkelse om disse forhold.Vi er mest
interessert i de forhold som har tilknytning til den
forurensing som kommer fra russisk side.Vi har solide data pé
hva denne forurensing har pafert jord,luft og vann av
skader,men vi har praktisk talt ingen data p3 hva dette kan
medfore for mennesket under den mest fplsomme perioden i
livet,nemlig fer vi blir fedt.

Vi har gjort en forelepig undersegkelse i
1991 av tilsvarende forhold.Dette materialet er n& under
analysering,og resultatene vil bli offentliggjort s& snart de
er ferdig.Denne type undersekelser tar imidlertid lang tid,og
i mellomtida er det av de respektive miljevernministre i de
arktiske land lagt opp til en sterre anlagt undersgkelse rundt
Nord-Kalotten,der vi ensker & delta.Det viktigste siktemdlet
er & kartlegge leveforhold i de arktiske stregk.Dersom vi
finner skadelige forhold plikter vi & si fra om det,og dersom
vi finner forhold som gjor det gunstig & bo i arktiske strek
m& vi ogsd si fra om det.

Det pidgdr nd et &pent og interessant
medisinsk samarbeid mellom Norge og Russland,spesielt i
sammenheng med forskning pd miljerettet helsevern.

Vért prosjekt er en del av et bredere samarbeid som nd er
under utvikling.Vi tar tilsvarende prever av fedekvinner péa
Kola og flere andre steder i Russland,likeledes gjeres dette
flere steder i Norge.

Det vi gnsker er 3 ta en vanlig blodpreve
av mor rett etter feodsel,som regel i sammenheng med
rutineprever som likevel skal tas.Vi onsker en preve fra
morkaken som skal tas like etter at denne er kommet ut,
likeledes urinprove fra mor og barn s& snart dette kan ordnes
p& naturlig mdte.Disse prevene blir frosset og senere
analysert pa blant annet tungmetaller,jern og fettstoffer
etter vedtatte retningslinjer for den internasjonale
undersgkelsen.

Denne informasjon blir gitt og vi ber om
at bekreftelsen blir undertegnet for eller i forbindelse med
innleggelsen for fedselen.

Hammerfest 1993
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The two objectives of this study were to compare urinary nickel excretion in pregnant women and their newborns
living in the Murmansk and Arkhangelsk Counties of Russia with that in comparable Norwegian populations living
in Finnmark and the city of Bergen and to assess the influence on pregnancy outcome of different risk variables,
specifically urinary nickel concentrations and questionnaire-based anamnestic information. Life-style information
and urine samples were collected from 50 consecutive mother-infant pairs from hospital delivery departments in
three Russian and three Norwegian communities. Pregnancy outcomes were verified from medical records. Urinary
nickel excretion was significantly higher in the Russian communities, independent of the presence of a nickel
refinery as a local environmental source. The birth weight and mean body mass index of the newborn children
(BMIC) were significantly lower (p<0.001) in the Russian groups, with or without adjustment for gestational age.
A multivariate linear regression analysis indicated that maternal urinary nickel concentration had no impact on
birth weight. The maternal body mass index (BMI) and maternal height were positive explanatory variables;
maternal urinary creatinine is suggested as a weak negative factor. Smoking was shown to be a strong negative
predictor only in the Norwegian group among whom there was a significantly higher smoking frequency (p=
0.005). The significant contribution of a country factor in the predictive model is interpreted to indicate that a
number of important risk factors for low birth weight were not identified.

Introduction

Considerable attention is baing paid to industrial pollution in
the regions adjoining the Norwegian-Russian border, especially
i relation to the substantial emissions of sulfur dioxide and
metals by the nickel industry in the Kola Peninsula of Russia.
Nearly half of the tonnage of metals released is nickel, with
iron and copper other major contributors.! Extensive environ-
mental damage has resulted from these pollutants and has
generated considerable concern about public health in Russia,
Norway and Finland. A Joint Norwegian-Russian Commission
on Environmental Cooperauon was established in 1988 and
encouraged extensive investigation of the pollution of air, water,
soil and biota.>* By contrast, very little has been done on the
investigation of human health, even though there has been
considerable focus by the media on reproductive and develop-
mental issues related to nickel exposure. Our interest in the
present project derived from this public interest and had as its
objective the determination of whether there is a scientific basis
for this concern. We used a two-pronged approach: (i) an
assessment of the exposure to nickel of pregnant women selected
from the general public and its relation, together with other
factors, to pregnancy outcome; (n) an investigation of the
reproductive health of female nickel workers. The results of the
first component are reported in this study,

The reproductive 'developmental effects of nickel have not
been firmly established in humans, although some concern
exists about apparent increases in spontancous abortions and
structural malformations (especially cardiovascular and mus-
culoskeletal ) in newborn babies whose mothers were employed

in a Russian nickel refinery.** The evidence of teratogenic
and developmental cffects of nickel in animal studies is difficult
to interpret with confidence.®® Compared with cadmium,’
lead'® and mercury,'! there is clearly a paucity of data
concerning nickel exposure in relation to reproduction and
pregnancy outcome. Further, the literature on nickel concen-
trations in body fluids during pregnancy is very scarce, and
the suggested nickel urine reference values'*** or the results
reported in surveys'~'® do not include pregnant women or
ncwborn children.

The present study had the following two specific objectives:
(1) to compare urinary nickel excretion in pregnant women
and their newborns living in the Murmansk and Arkhangelsk
Counties of Russia with that in comparable Norwegian popu-
lations living in eastern Finnmark and the city of Bergen; (ii)
10 assess the influence on pregnancy outcome of different risk
variables, specifically urinary nickel concenirations and ques-
tionnaire-based anamnestic information.

This study was approved by The Regional Ethical
Committee, University of Tromso, Norway, the Norwegian
Data Inspectorate and the Regional Health Administrations
of Murmansk and Arkhangelsk Counties.

Materials and methods
Study populalion and procedures

Personal contacts with colleagues in the different hospital
dclivery departments were established, and all procedures and
protocols were provided in Norwegian, English and Russian.
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The Russian geographic sites in our study were Nikel and
Monchegorsk in Murmansk County and Arkhangelsk in
Arkhangelsk County. Nikel (23000 inhabitants) and
Monchegorsk (65 000 inhabitants) are communities with nickel
refining operations. Arkhangelsk is the biggest city on the
White Sea, with almost 450000 inhabitants and five big pulp
and paper plants in the surrounding area, but no metal
producing industry. The Norwegian reference cities were
Kirkenes, Hammerfest and Bergen (Fig. 1). Kirkenes (approxi-
mately 4500 inhabitants) is located near the Russian-
Norwegian border, 50 km from Nikel. The delivery depariment
there receives women from the eastern part of Finnmark (total
population, 28 000), the arca geographically adjacent to the
Russian border. Hammerfest (12 000 inhabitants) is a coastal
city of Finnmark; the hospital delivery department there
receives women from the western part of Finnmark (a total
of 45000 residents), including the main native Saami centres
in Finnmark County. Bergen is the second biggest city of
Norway in the southwest part of the country (total population,
220000), with no major metal producing industry. It was
included because it represents a non-Arctic urban community.

Information by questionnaire and urine samples were col-
lected from at least 50 consecutive women presenting them-
selves to the hospital delivery departments in each location;
the first-voided urine from their newborn babies was also
obtained. The registration and sampling were performed in
the following time periods: Arkhangelsk in April-May 1993;
Kirkenes in November 1993-January 1994; Hammerfest in
December 1993-January 1994; Bergen in June 1994; and Nikel
and Monchegorsk in March-June 1994. Urines were collected
from a total of 265 children: of these 137 were Russian (Nikel,
N=42; Monchegorsk, N'=49; and Arkhangelsk, N'=46) and
128 were Norwegian (Kirkenes, N =46, Hammerfest, A'=51;
and Bergen, N'=31). The women were asked to join the study
by means of completing a consent form.

Very few cases interrupted the consecutive enrolment.
Pregnant women in Kirkenes with prepartum complications
or suspected delivery problems are sent to the Regional
Hospital in Tromso. In the sampling period, two transfers
were registered. Hammerfest hospital has a neonatal intensive
care department and no cases were sent to Tromso before
delivery during the sampling period. None of the delivering
women refused to join the study. However, the complicated
urine sampling procedure for neonates sometimes resulted in
skin irritation, especially if the period before the first voiding
was long. Consequently, neonatal urine samples could not be
obtained from some of the infants: 4 cases in Arkhangelsk. 8

Novaya
Zemlya

Apatity

' ) .
S P

Fig. 1 Schematic map of the Russian Barents region Bergen is located
in the southwest of Norway, and is not shown on the map. (Courtesy
of Elin Hanssen, NILU, Tromso, Norway }
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in Nikel, 1 in Monchegorsk, 19 in Bergen and 4 in Kirkenes.
Even though anamnestic information and maternal samples
were collected, the mother and child were excluded from the
study’s statistical analyses (sece below).

In an interview, local midwives or gynaecologists adminis-
tered a questionnaire that addressed the following particulars:
age, parity, height and weight of mother, ethnic background,
places of residence exceeding 6 months, schooling, occupation,
smoking habits, alcohol consumption, medication, serious
diseases and dietary habits related to local food intake. The
following information was collected from the delivery depart-
ment medical records about the mothers and births: maternal
age, weight and height, Naegele term, date of birth, length
and weight of baby, weight of placenta, Apgar score (clinical
estimate of the conditions of an infant 1-5 min after birth),
congenital malformations, gestational age and individual com-
ments by the doctor or midwife. The informed consent form
and collection of anamnestic information were completed
before the delivery process started in order to minimize stress.
Collection of the neonatal urine specimens was performed in
a manner that avoided interruption of the delivery situation.

Sample collection and analysis

The urine of mothers was sampled at two stages: the first time
at week 20 of pregnancy (only in Kirkenes and Nikel) and
the second time together with blood sampling at 1-2 days
postpartum. Maternal urine was collected directly into a
disposable plastic cup for transfer to containers (N@D-0438
CERBO Norge A S. Oslo, Norway: volume, 20 mL); both the
cup and the container were tested and found not to contami-
nate the urine samples with detectable amounts of nickel
(< 10 nmol L~!). For sampling from the neonate immediately
postpartum, a uridome (126-0004, Hollister Norge, Oslo,
Norway) was attached by plasters to the child's genitalia until
the first void was produced. For ethical reasons, we had to
stop the sampling if the uridome irritated the very sensitive
skin of the newborns. The urine samples were immediately
frozen at —20°C. Within 3 months. all the materials collected
were transported frozen to the city of Bodo in Norway for
storage in a —70°C freezer.

After thawing, the urine samples were heated for 1 h at
95°C in an oven to redissolve the urine precipitates and to
ensure sterility. Urine was analysed without further pre-
treatment. Nickel in urine was measured by electrothermal
atomic absorption spectrometry employing Zeeman-based
Perkin-Elmer Model 5100 PC/HGA-600 and Perkin-Elmer
SIMAA  6000/THGA  graphite  atomizer  systems
(Bodenseewerk Perkin-Elmer GmbH, Uberlingen, Germany)
calibrated with urine matched standard solutions.!” The accu-
racy and precision of the measurements were assessed routinely
by using human urine quality materials obtained from
NycoMed Ltd., Oslo, Norway (Seronorm STE 101021 and
403125). The day-to-day variation of the nickel measurements
in these reference materials was typically 10%. The average
nickel concentrations of STE 101021 and 403125 human urine
measured during the analysis period were 41 + 5 nmol L ™! and'
661 + 56 nmol L™ respectively. This is in good agreement with
the manufacturer’'s recommended values of 43 and 681 nmol
L~!. The detection limit of the method used was 10 nmol L™}
of nickel. The creatinine content was measured by a Beckman
Creatinine Analyser (Beckman Instruments, Brea, CA, USA)
based on Jaffe’s reaction.

Only in Nikel and Monchegorsk did the study group include
women who worked in departments of the local refinery with
potential exposure to nickel. It should be noted that, today,
maternity leave starts 70 days before the anticipated date of
delivery, while it was 56 days during the study period.
Consequently, since urine samples in Monchegorsk were col-
lecied shortly after birth, the employees included were not



recently occupationally exposed. In Nikel, a comparison 1s
possible between samples collected while still at work (week
20) and postpartum.

Tap water samples (10 or 12) were collected in the following
Russian communities: Nikel, Zapolyarniy, Monchegorsk,
Arkhangelsk and Umba (the latter 1s located in the Kola
Peninsula, south of Apatity on the White Sea). Homes were
selected at random, the taps were flushed for a few minutes
and the samples were collected directly into the same containers
as used for the urine samples. The shipping, storage and
analysis of the tap water were carried out in the same manner
as for the urine specimens. In some cases, the water samples
were not frozen and were analysed soon after their arrival at
the laboratory in Oslo. Twenty-four hours before measure-
ment, 0.5 mL 65% ultrapure nitric acid was added to each
20 mL sample in order to recover any surface-adsorbed nickel.
Nickel measurements were performed in the same way as for
urine, but calibration was against aqueous standard solutions.
Surface water CSPS-SW'1 (Spectrapure Standards Ltd., Oslo,
Norway) trace-metal quality-control materials were used
routinely. The day-to-day variation of the nickel measure-
ments in these reference materials was typically 5%. The mean
nickel concentration measured in CSPS-SWI, batch 102,
was 164 + 5 nmol L™ (certified value 170+ 9 nmol L ™! of nickel).

Statistical analysis

In the statistical assessment unnariate analysis, analysis of
variance and multiple linear regression analyses were
employed. An association was accepted when the 95% confi-
dence interval (Cl) of the regression coefficient did not include
zero. The Bartlett's test for homogeneity of variance and the
Mantel-Hacnszel and Fischer exact tests for comparison of
proportions were used. In all groups, the urinary nickel results
were highly skewed, and the non-parametric Wilcoxon rank
sum test or the Kruskal-Wallis test for two groups were
selected. Concentrations below the detection limit (DL) were
arbitrarily assigned the value of 1 2DL. Information on the
years of education, defined as years at school. was missing in
the Russian questionnaire responses and could therefore not
be included in the regression analysis. Neither could the
answers about alcohol consumption be used, since 49 of the
Russian respondents were reluctant to answer this section of
the questionnaire. Since only one child was lighter than 2500 g
among the Norwegian subjects, it was decided to use the birth
weight outcome as a continuous yariable instead of categorical
(ie. by defining low birth weight as <2500 g). Birth weights
corresponding to gestational ages of 30-38 weeks were adjusted
using the observed rate of increase of 166 g per week.

Results
Population characteristics

The mean age of the mothers was significantly higher in
Norway than in Russia (27.7, range 17-40; 25.1, range 14-44;
respectively; p<0.001; Tablel). The percentage of the
Norwegian mothers who were registered as smokers was
35.9%, of whom 13.3% might be regarded as heavy smokers
(> 10 cigarettes per day). By comparison, the Russian group
had a smoking prevalence of 17.4%, none of them in the heavy
smokers’ category (Table 1). Complications related to pre-
eclamptic conditions, specifically hypertension, oedema, pro-
teinuria or anaemia, were significantly higher in the Russian
group (p=0.03). Local food consumption was categorized on
the basis of whether the consumption of locally produced fish,
meat, vegetables, mushrooms and berrics occurred daily or
not. The Monchegorsk group was not adequately examined
in this component of the questionnaire to be considered in the
interpretation of the data. The number of previous deliveries
was significantly lower for the Russian subjects compared to
the Norwegian group (means of 1.2 and 1.4 respectively: p=

0.07). Mean maternal weights at term were not different (p=
0.11), while mothers’ mean height was significantly lower in
the Russian group (p <0.001). However, this did not result in
different maternal body mass index (BM1) values (p=0.87).

Pregnancy outcomes

Compared to the Norwegian results, the mean birth weight
and body mass index of the newborn child (BMIC) were
significantly lower in the Russian group (p<0.001, Table 2),
a difference that was retained after adjustment for gestational
age or gender. Babies were somewhat longer in the Russian
group (p<0.001), while the differences in mean placenta
weight and head circumference were not statistically significant.
The children in Arkhangelsk had the lowest mean birth weight,
with the highest values being reported in Kirkenes. The mean
gestational age was significantly lower in Russia (p<0.001),
being the lowest in Arkhangelsk. These findings are consistent
with a prevalence of 15% of children with birth weights of less
than 2500 g in Arkhangelsk, compared to 3.5% in the two
other Russian groups. Importantly, the difference between the
mean birth weights for Russia and Norway remained signifi-
cant (p<0.001) when omitting the Arkhangelsk group in the
comparison. As might be expected from the small number of
subjects in our study,'® only four children were born with
registered malformations, two in Norway and two in Russia.
One perinatal death (a child with hydrocephalus in
Arkhangelsk) was identified.

In the Russian group, a total of 15 women were employed
in the nickel industry, six in Nikel, who apparently worked
in departments with little nickel exposure, and nine in
Monchegorsk, who were potentially exposed in the electrore-
fining department. However, as already indicated, due to
their maternity leave none of these women were recently
occupationally exposed. The nine women working in the
Monchegorsk electrorefinery had babies with an average birth
weight of 3342 g (2540-4200). which is higher than the mean
birth weight in the total Russian study population; one baby
had a registered malformation (a minor limb defect). Seven
of these nine nickel workers were daily smokers (77.8%),
which exceeds the mean smoking frequency reported in Table I;
the delivery frequency was identical to that for the total
Russian group (mean of 1.2).

Urinary nickel concentrations

The urinary nickel levels for the children and their mothers
arc provided in Table 3. Both the neonatal and maternal
medians of the unadjusted urinary nickel concentrations were
considerably higher among the Russian subjects compared to
the Norwegians (p <0.001). Values reported for the Norwegian
group fall within the baseline reference interval of 9-100
nmol L7%;'21319 while the Russian concentrations are mostly
outside of it (maternal range at term, 5-2108 nmol L7').
Creatinine adjustment did not affect these comparisons.
Focusing on the towns of Nikel and Monchegorsk and the
city of Arkhangelsk, we found that, for all three Russian
centres, the median nickel concentrations were higher than for
the Norwegian populations studied. Intercommunity compari-
sons for the three Russian populations revealed that, relative
to Arkhangelsk, the median creatinine-adjusted nickel concen-
trations for Nikel and Monchegorsk were significantly higher
(p<0.001). This difference was not apparent for the unad-
justed nickel concentrations. In the Nikel and Kirkenes groups,
additional urines were also collected in the 20th week of
pregnancy and at term. Neither the Nikel or the Kirkenes
group demonstrated differences between the two stages of
pregnancy (p>0.5, N=42 and p>0.5, N=41 respectively).
Occupationally exposed women in Monchegorsk (N=9, who
had worked in the electrolysis tank house, but with no recent
industrial exposure) had a median urinary nickel concentration
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Tabie 1. Population characteristics

Russia Norway

Characteristic (N=137) (N=128) p Values

Mean maternal age®/years 251 277 <0.001¢
(s, range) (5.9, 14-44) (5.3, 17-40)

Mean number of deliveries® 1.2 1.4 0.07*
(range) (0-4) (0-5)

Mean maternal weight*/kg 70.9 73.5 0.11°
(range) {41-101) (46-123)

Mean maternal height®/cm 163 166 <0.001°
(range) (150-174) (155-182)

Mean body mass index (BMI)/kg m ™2 26.7 26.6 0.87¢
(range) (17.3-39.6) (18.4-38.0)

Pre-eclamptic condition* 26 12 0.03/

(19.0%) (9.4%)

Smoking habits® (%)
Non-smokers 82.6 64.1 0.005"
1-10 cigarettes per day 17.4 22.7
> 10 cigarettes per day 0 13.3
Smoking frequency 17.4 359

Local food intake (%) 86.1 61.0 <0.001/

“Based on medical rccords; for maternal height only, N=121 (Russia) and N=93 (Norway). *Based on questionnaire. ‘At least two of the
parameters: hypertension, oedema, proteinuria. “Regular use of locally produced vegetables, potatoes, berries and/or locally produced fish or
meat; the Monchegorsk group is not included (see text). “r-test. “Chi-squared test.

Table 2 Comparison between selected pregnancy outcomes in Russia and Norway

Russia Norway
Outcome® (N=137) (V=128) p Values
Mean birth weight/g 3195 3590 <0.001*
(s, range) (579, 1400-5100) (502, 2200-4960)
Mean length of baby/cm 51.8 50.7 <0.001°
(rangce) (41-58) (45-58)
BMIC/kgm™~? 11.9 13.9 <0.001*
(s, range) (1.7, 7.5-18.2) (1.4, 10.1-19.4)
Mcan placenia weight/g 582 621 0.06
(range) {300-900) (350-1050) .
Mean gestational age/weeks 38.7 39.8 <0.001*
(range) (31-42) (36-42)
Mcan head 35.0 35.0 0.92°
circumference/cm
(rangc) (32-38) (30-39)
*All information is derived from medical records. *Comparison of country mcans by t-test.
Table 3 Median nickel urine concentrations of delivering women and their babies in Arctic areas of Russia and Norway (nmol L~')*
Group studied
Russia  Nikel Monchegorsk  Arkhangelsk  Norway Kirkenes Hammerfest Bergen
(N=137) (N=42) (N=49) (N=46) (N=128) (N=46) (N=51) (N=31) p Value!
Maternal urine nickel 85 90 83 85 5 5 14 15 <0.001
at term/nmol 17! 5-2108  5-694 5-2108 19-1258 5-85 5-26 5-82 5-85
Maternal urine nickel 9 13 10 6 i 1 3 2 <0.001
at term, adjusted for 1-285 1-139 3-285 1-49 0.2-41 0.2-8 0.2-41 0.3-36
creatinine/nmol Ni per
mmol creat
Nickel in baby's first-voided 34 41 37 24 5 5 5 5 <0.001
urine/nmol L=! 5-561 5-561 5-374 5-260 5-48 5-20 5-48 5-24
Baby’s urine nickel, 1 3 12 5 2 3 2 2 <0001
adjusted for 1-510 3-510 2-45 1-325 0.4-187 04-34 0.5-187 0.5-13

creatinine/nmol Ni per
mmol creat

“Median value and range are given. For statistical purposes, values below the DL of 10 nmol L~ were set at %¥DL. *For the comparison of the
total Norwegian and Russian data sets, non-parametric statistics were used (see text).

of 66 nmol L~!, somewhat less than that in the total Russian
group (median value, 85 nmol L™1).

Univariate linear regression

The results of the univariate analysis are provided in Table 4.
The birth weight or the BMIC was sclected as the dependent
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variable. The regression coefficient corresponding to the change
in the baby’s weight in grams per unit of the explanatory
variable was first examined. For both the Russian and
Norwegian subjects, maternal urinary creatinine is suggested
as a weak negative predictor (not significant). For the total
Russian group, there were no other variables significantly
associated or even nearly so with the two outcomes. For the



Table 4 Lincar regression analysis of birth weight

Russia/Norway

Russia Norway (adjusted for country)
Weight Weight Weight
Variable change (C1)° p Value® change (Cl)* p Valuc® change (C1)* p Value®
Maternal Age (years) 8.5 (-8, 25) >0.05 10 (=7, 27) >0.05 9(-3,21) >0.05
Smoking (categorical, 116 (—86, 318) >0.03 —-193 (312, —=73) <0.005 —91 (-200, 18) >0.05
amounl smoked )
Local food consumption —82 (366, 202) >0.05 — 181 (—-359, —-3) <0.05 — 146 (— 302, 10) >0.05
(categorical, yes/no)*
Pre-eclamptic conditions 1.8 (—249, 252) >005 —~5(-1307, 297) >0.05 0 (—190, 189) >0.05
(categorical, yes/no)*
Number of deliveries 58 (—45, 161) >0.05 23 (55, 101) >0.05 38 (25, 100) >0.05
Gender of baby, M/F 64 (— 136, 263) >0.05 —126 (—316, 65) >0.05 —19 (—158,120) =>0.05
Maternal weight/kg 6(-3,15) >0.05 12 (5, 19) <0.00! 9 (3-15) <0.005
Maternal height/cm —2(—22,18) >0.05 21 (6, 36) <0.005 10 (-3, 22) >0.05
BMl/kgm™? 16 (=7, 39) >0.05 31 (11, 52) <0.005 22 (6, 38) <0.01
Maternal urine ~0.1(-0.5,0.3) >0.05 1(-4.6) >0.05 —0.1 (-0.5,0.3) >0.05
nickel/nmol L™!
Maternal urine —B8(—23,6) >0.05 ~13(-32,7) >0.05 —10(-21,2) >0.05
creatinine/mmol L™!
Child's urine -0.6(—2.0,08) >005 —-3(~14,8) >0.05 —-0.6(—1.9,07) >0.05
nickel/nmol L™}
Child’s urine
creatinine/mmol L* 12 (~15,39) >0.05 10 (—13,33) >0.05 11 (~6,29) >0.05
Maternal adjusted urine —-09(-4,2) >0.05 9 (-8,27) >0.05 —3(-6,0.1) >0.05
nickel/nmol Ni per
mmol creat
Child's adjusted urine -0.6(-—2,06) >0.05 1(—4,6) >0.05 -0.6(—1.7,06) >005

nickel/nmol Ni per
mmol creat

*Weight change in grams per unit of explanatory variable: Cl, 95% confidence interval. *Based on the partial F-statistic. ‘See Table | for

classification.

combined Norwegian subjects, the following associations
reached significance: maternal weight (p<0.001), maternal
height (p<0.005), BMI (p<0.005), smoking (p <0.005) and
local food consumption (p <0.05). On combining the Russian
and Norwegian study groups and adjusting for country, the
associations with maternal weight (p<0.005) and BMI
(p<0.01) remained significant, as did the near significance of
maternal urinary creatinine. Adjustment of birth weight for
gestational age strengthened the maternal weight and BMI
dependences (both p<0.001), but did not alter the remaining
associations substantially.

For BMIC, there were no significant associations for the
Russian subjects; among the Norwegian group, smoking was
ncgatively correlated (p<0.025), while maternal weight
(p<0.025) and BMI (p<0.025) were positively so. Only the
maternal weight (p<0.025) and BMI (p <0.01) retained sig-
nificance for the combined countries. As with birth weight,
adjustment for gestational age strengthened the relationship
with maternal weight and BMI (both p <0.001).

Log transformation or square transformation of the nickel
concentrations added no additional information; neither did
the grouping of birth weight by 500 g increments.

Multivariate linear regression

The variables for which significant or near-significant associ-
ations with birth weight were observed in either of the two
countries (see Table 4) were tested in a multivariate model.
Because a major focus of this study was a comparison of
urinary nickel excretion, maternal urinary nickel was also
carried forward. Maternal body weight was not included since
it is related to BMI. By contrast, the cxclusion of maternal
height as an independent explanatory variable resulted in a
significant loss of information. The model summarized in
Table 5 shows BMI (p <0.005) and matcenal height (p<0.05)
as positive predictors, while the contribution of maternal

Table 5 Multivariate linear regression analysis model to predict birth
weight for the combined Russian/Norwegian population™

Change in birth

weight/g
Variable (95% CI) p Value
Maternal urinary —1(—6,5) >0.05
nickel/nmol L™!
BMI/kgm™? 25 (8, 42) <0.005
Maternal height/cm 14 (0, 27) <0.05
Maternal urinary —-10(-22,3) >0.05
creatinine/mmol L™}
Smoking (0, 1-10 —25 (-~ 148, 99) >0.05
or > 10 cigarcties)
Country (Russia/Norway) 315 (143, 487) <0.001

*Since 52 maternal heights werc not reported and the data scts for the
other variables had some omissions, N=200 (sce Table 1); all values
are mutually adjusted. *The F-statistic for the model is 7.3, with d.[.
6 and 194; p <0.001.

urinary creatinine is ncgative (nearly significant); a very strong
unspecified country factor is evident (p<0.001). The model
was optimized®® by removal of local food consumption and
neonatal urinary creatinine. Judging by the partial F-statistic,
the explanatory contributions of both of these variables were
low and not statistically significant; that of maternal urinary
nickel was zero. Introducing gestational age-adjusted birth
weight as the dependent variable strengthened the positive
predictive value of BMI (p<0.001) and maternal height
(7 <0.025) and weakened the country factor slightly (p <0.01),
lcaving the other predictors unchanged. In the corresponding
multivariate model with BMIC as the dcpendent variable
(Table 6), BM! (p<0.01 or 0.001) and the country factor
(p<0.001) were the only notable variables (with or without
adjustment for gestational age).
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Table 6 Multivariate linear regression analysis model 1o predict child's body mass index for the combined Russian,"Norwegian population®

Change in birth weight'g

Variable (95% CI1) p Value
Maternal urinary nickel nmol L™! 0 (-0.03, 0.004) >0.05
BMI/kgm™? 0.07 (0.02, 0.12) <0.01
Maternal height/cm 0.01 (—0.03, 0.05) >0.05
Maternal urinary creatinine mmol L. ™! 0.002 (~-0.03, 0.04) >0.05
Smoking (0, 1-10 or > 10 cigarcttes per day) —0.06 (—0.42,0.31) >0.05
Country (Russia/Norway) 1.9(1.4, 2.4) <0.001

“Since 52 maternal heights were not reported and the data sets for the other variables had some omissions, N =199 (see Table 1): all values are
mutually adjusted. *The F-statistic for the model is 15.8, with d.f. 6 and 193; p <0.001.

Birth weight in relation to neonatal urinary nickel
concentrations

Group analysis of neonatal urinary nickel concentrations
(group 1, <15 nmol L™'; group 2, 15-170 nmol L~*; group
3, >170 nmol L™') demonstrated no evidence for a depen-
dence of birth weight (or BMIC; data not reported) on
neonatal urinary nickel concentrations ( Norwegian group, p=
0.5; Russian group, p=0.3 or 0.2; all relative to group | by r-
test). Neither was a risk for reduced birth weight apparent
when the weights were compared for urinary nickel levels
below and above 34 nmol L™!, corresponding to the mean
reference background concentration reported for non-
pregnant adults.!®

Nickel in tap water

Russian communities with local nickel refineries. namely Nikel
and Zapolyarniy (see Fig. [), had significantly higher nickel
levels in the drinking water (median values of 1224 and
578 nmol L~', respectively) compared to the four other
Russian and two Norwegian locations (medians in the range
9-85nmol 1™}, p<0.001). In the Russian communities with
no local point sources of nickel, specifically Kirovsk, Apatity
and Umba, values were closer to the Norwegian levels (median
values of 9, 85 and 14 nmol L™! respectively). Ten out of [2
tap water samples from Arkhangelsk were at the DL or below
(all from private kitchens): the two detectable values were 12
and 20 nmol L~} (collected at the Institute of Physiology,
Ural Branch of Russian Academy of Scicnce. Arkhangelsk,
and a private kitchen of a colleague).

Discussion
Urinary nickel concentrations

The comparison of the urinary nickel concentrations reported
in the present study with published background reference
intervals'*'>!* (<100 nmol L~') is beneficial. Clearly, the
results for the Russian study groups excced this reference
upper limit, while the values for the Norwegian communities
are well below it. The slightly higher creatinine-adjusted con-
centrations observed for the Nikel and Monchegorsk popu-
lations relative to Arkhangelsk (p<0.001) suggest some
environmental contribution due to the presence of the local
nickel smelters. Such an impact of nickel refining on non-
occupationally exposed community members has been
reported previously for the city of Sudbury, Ontario.?"2 It is
interesting to compare the Russian data for the pregnant
women surveyed with recently obtained results for Russian
females working in a Kola Peninsula nickel electrorefinery.
This is done in Fig. 2. It is evident from this figure that the
two groups compared have separate frequency distribution
patterns. The overlap between them is minimal

There has been some suggestion that nickel excretion is
increased during pregnancy, parturition and postpartum.?
Earlier reports of drastic increases in serum or urinary nickel

158 J. Environ. Monit, 1999, 1. 153-161

Pregnant Women

a0

n

Nickel Refinery Women

083 1.00 150 200 2% 3.00 350 4.00 45

Intervals

Fig.2 A comparison of the frequency distribution of the log-
transformed urinary nickel data for the Russian groups surveyed in
the present study (V=179: includes the results from week 20 of
pregnancy in Nikel) with that (N'=52) reported for female workers
employed in the Electrorefinery Department of the Severonickel
operation in Monchegorsk.® The sample collection and analytical
procedures were identical to those described in the text; urine samples
were collected in May 1996 and correspond to the first morning void
collected at home to minimize inadvertent contamination. The median
and range of the nickel concentrations for the nickel workers were
1496 (289-14620) nmol L ™', compared to 99 (5-2108) nmol L~ in
the total Russian population in the current study. Ambient air nickel
levels in the Monchegorsk Electrorefinery Department® were in the
range 60-1200 pg m ™2, which appear to be higher by about a factor
of 1000 to 10000 or more than reported air levels for the town of
Nikel and the surrounding arca, including the Norwegian-Russian
border area.!*

during parturition and postpartum suffered from severe analyt-
ical deficiencies and therefore can only be interpreted with
considerable caution.® Birth-associated trauma may have con-
tributed to the slightly higher urinary nickel concentrations in
the present pregnant females, when compared to other adults.
Making comparisons for Nikel, the median urinary nickel
value for the pregnant women of the present study was 90
nmol L™', compared to 58 nmol L™ for other residents (N=
371, 70% female).!®

The higher urinary nickel excretion among the Russian
groups does not have an obvious explanation. Nickel in tap
water, perhaps in combination with enhanced air levels, prob-
ably accounts for the higher creatinine-adjusted urinary nickel
levels observed for Nikel and Monchegorsk, compared to
Arkhangelsk. Since there are no nickel refineries or any other
obvious nickel point source in Arkhangelsk, other explanations
are required to account for the major portion of the Russian/
Norwegian urinary nickel anomaly. It is known that certain
foodstufTs are relatively enriched in nickel, such as cocoa, nuts,
dried legumes and certain grains.’-?* Special dietary sources in
the Russian community might therefore be suspect. Leaching
into drinking water from nickel-plated pipes or from cooking
utensils constitutes another explanation. Oral prostheses are



in use in Russia that apparently have significant nickel con-
tents, and this may well be an unexpected source of nickel.®

To our knowledge, nickel in first-voided urines of neonates
has not been reported previously. Because so many urinary
nickel concentrations in both Norwegian mothers and neonates
were below or at the DL, it is difficult to compare their relative
magnitudes. This is not the case for the Russian population
studied. A comparison of maternal and neconatal creatinine-
adjusted nickel levels shows the latter to be lower (p <0.001).
From the perspective of the glomerular filtration rate (GFR),
this is not unexpected. At birth, the neonatal GFR appears to
be about 20% of adult values.?

Birth weight as a pregnancy outcome

Birth weight is recognized as an important indicator of the
health status of neonates.?® Temporal changes in this parameter
may serve as an index to socioeconomic conditions that impact
on reproductive and developmental health. It is also known
to be sensitive to adverse environmental conditions, as illus-
trated by cigarette smoking. As a pregnancy outcome, birth
weight permits an outcome comparison unaffected by cultural
differences and medical uncertainties such as outcome defi-
nitions. Congenital malformatons and perinatal morbidity are
examples. However, birth weight has some disadvantages as a
dependent variable for pregnancy outcome, due to genctic
differences.?*® On the other hand, the BMIC has been
suggested to have some advantages as an index to the
nutritional status of newborn children.?®-3! It would appear
that the BMIC is somewhat less sensitive to the explanatory
variables examined in our study.

Among the statistically significant associations reported in
Table 4 for the linear regression between birth weight and a
number of explanatory variables are those recognized for
having a known positive impact on birth weight (i.e. maternal
weight. maternal height, BMI. number of deliveries)®® or a
negative effect (i.e. smoking. hypertensive pregnancy compli-
cations).??-** BMI is considered a measure of body fatness. It
is strongly influenced by age and sex, but not by ethnicity.®
Since we are dealing with females of comparable age, BMI
may thus be taken as a suitable index of adipose tissue mass
Although not included in the analysis, alcohol consumption
during pregnancy is also well known to reduce birth weight
It is of interest that the 35.9% smoking frequency found
among the Norwegian group concurs almost exactly with the
proportion of subjects identified as daily smokers prior to
pregnancy in a recent survey of 4766 pregnant Norwegian
women.?¢

It is tempting to interpret the apparent but weak negative
impact of maternal urinary creatinine as indicative of subclin-
ical pre-eclamptic manifestations. In support, it is noted that
pre-cclampsia was found to be more prevalent in the Russian
communities (p=0.03). Interestingly, past pre-eclampsia
appears to increase the risk of microalbuminuria,®” and
increased urinary creatinine levels have been noted as carly as
week 19 of gestation in patients who subsequently developed
pregnancy-induced hypertension.®® The positive association
suggested for neonatal urinary creatinine and birth weight
(not significant) also scems inherently reasonable. One might
expect, by analogy to adults, that body mass or surface area
determines the rate of urinary creatinine excretion. The latter
has indeed been corrclated with birth weight.®® Local food
intake may constitute a nutritional factor or environmental
contaminant issue. However, caution must be practised in
intcrpreting at face value the associations suggested by single
regressions, even when statistically significant, because of inter-
predictor influences and possible correlations among variables
Consequently, the outcome of a multiple regression analysis

of the explanatory variables should be consulted before accept-
ance of the suggested associations.

The univariate lincar regression data and the multivariate
model reinforce that smoking is a predictor of low birth
weight. The data presented suggest it reaches significance only
if the smoking rate is moderately high, such as seen among
the Norwegian subjects. The retention of BMI (p <0.005) and
maternal height (p <0.05) in the multivariate model conforms
with the general acceptance of maternal weight and height as
positive determinants. Similarly, urinary creatinine as a near
significant variable in the linear and multiple regressions
suggests that this parameter might be more sensitive in
explaining birth weight than clinical diagnosis of the pre-
eclamptic condition as a categorical variable. It is obvious
from the magnitude of the ‘country’ slope factor in Table 5
that we have failed to identify important predictors of birth
weight. The replacement of birth weight by BMIC did not
improve the model, although adjusting for gestational age
strengthened the BMI influence and left the unspecified country
factor unchanged. Presumably, these results reflect unidentified
differences in economic conditions, cultural practices or
nutritional factors.

Limitations of the study

A number of information biases can be identified. Answers
concerning the consumption of local food were not provided
in the Russian community of Monchegorsk. The reason for
this may reflect the decision by the local interviewer not to
emphasize this component. The refusal by 36% of the Russian
respondents to provide information about alcohol consump-
tion suggests that this topic is culturally sensitive. Even fewer
individuals responded to educational background questions
there. Inconsistency between interviewers is also of concern.
However, this was unavoidable since so many different com-
munities were involved. Further, the questionnaire was trans-
lated from Norwegian into Russian and this may have had a
steering effect on some of the questions. Of course, inherent
ambiguities in the questions may have influenced the consist-
ency of the answers. In our estimation, the discrepancies
between Norwegian and Russian physicians in classifying
pregnancy complications and outcomes were minimal. An
example is the diagnosis of the pre-eclamptic condition.

Selection bias might have occurred for two reasons, namely
transfer of cases with complications to regional hospitals and
the exclusion from the statistical treatment of mothers and
their neonates because of the unavailability of neonatal urine
samples. Patient transfers were few and were registered.
Inclusion of the neonatal weights for those without urinary
nickel samples only reduces the difference between the Russian
and Norwegian birth weight means by 4 g, which does not
affect the significance test (p <0.001). Clearly, the significant
Russian/Norwegian dissimilarity in birth weights is not
explained by gestational age differences.

Although many explanatory variables were cxamined, it is
likely that others exist, as well as unidentified confounders.
However, there is evidence that this may not be too critical.
In two overview reports on our work, one on cssential trace
elements (copper, zine, iron and selenium)*® and the other on
metal pollutants (cadmium, lead and mercury)! in the peri-
pheral blood compartment of many of the individuals in the
present study, no obvious concentration differences that might
be expected to influence birth weight appeared to exist between
the Norwegian and Russian groups. For example, the iron
status of pregnant women was somewhat better in Russia than
in Norway, and serum zinc levels were low in both countrics
relative to cstablished refercnce intervals.®® Whole blood cad-
mium and mercury concentrations werc higher in the
Norwegian communities than in Russia, while it was the
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reverse order for lead. The mean Russian lead level of
0.18 ymol L~! in whole blood was within the international
background reference interval of <0.20 pmol L™*.

Due to logistical and technical limitations, as well as econ-
omic restrictions, the sample size for each country was too
small to detect differences in the incidence of congenital
defects. Much larger populations need to be examined to
identify such outcomes with adequate statistical power, as they
are relatively rare.!® The small number of cases identified in
the present study is consistent with this.

Although we made every effort to minimize inadvertent
contamination of the samples, the lack of opportunity to be
personally involved in the early stages of the sample history
(i.e. collection, handling, storage and transport to the labora-
tory) limited our ability to control the contamination risk.
This may account for some of the outliers corresponding to
the highest urinary nickel concentrations.

Concluding remarks

Itis interesting that two physical parameters (BMI and height),
a metabolic measure (maternal urinary creatinine excretion)
and a life-style factor (smoking) were the strongest predictors
of neonatal birth weight in this combined Russian/Norwegian
study population. The unimportance of urinary nickel
excretion, and thus nickel exposure, as an explanatory variable
for birth weight is consistent with the recent conclusion of the
Norwegian-Russian Health Study that no major health effects
can be assigned to nickel as an air pollutant in the vicinity of
the nickel refining operations in Nikel and Zapolyarniy.!¢ This
is not surprising. The local ambient air nickel concentrations
there are low, although above background (54 ng m~? com-
pared to 23 ng m~* respectively; measured as the respirable
fraction, which seems 1o be comparable to the inhalable
fraction in this instance!*'®). it may be concluded from the
Nikel and Monchegorsk urinary nickel data that the nickel
refineries as local point sources only minimally affect the body
burden of nickel.

The above conclusion should not be extended to females
occupationally exposed to nickel for the following reasons.
First, nickel is known to be transferred readily across the
placenta.*!-** Since nickel in urine is proportional to nickel in
the blood plasma compartment,?® it may be inferred that
serum nickel also constitutes an index to embryonic or foctal
exposure. Because of the high occupational nickel exposures
experienced by these workers (see Fig. 254%%4) in wurero expo-
sure cannot be dismissed. Second, concern has been expressed
about increases in spontaneous abortions among females who
work in the nickel electrorefinery at Monchegorsk.® An appar-
ent increase in selected congenital malformations was also
noted. Third, mechanistically speaking,?® nickel compounds
are potentially teratogenic and embryotoxic because they arc
genotoxic. Respiratory tract cancers have been associated with
occupational exposures to water-soluble and particulate
(mostly oxides and sulfides) forms.“*4*-%6 Clearly, follow-up
studies are needed. We have recently illustrated that a compre-
hensive epidemiological assessment of reproductive and devel-
opmental health among female nickel refinery workers in the
Kola Peninsula is technically feasible.®
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Background. This project is part of an assessment of the impact of environmental factors on
human health in the Kola Peninsula of Russia and the ncighboring arctic area of Norway
Pregnant women and their newborns were studied to explore a relationship between maternal
status of essential metals and birth weight.

Methods, Life-style information and serum specimens were collected from at least 50 consecu-
tive mother-infant pairs from hospital delivery departments in three Russian and three Nor-
wegian communities (N=15]1 and 167, respectively). Pregnancy outcomes were verifiad by
consulting medical records. Copper, selenium and zinc in serum were determined by atomic
absorption spectrometry and ferritin by an automated analyzer method.

Results. Mean birth weight and child’s body mass index (BMIC) were significantly lower in
the Russian group (p<0.001), with or without adjustment for gestational age. Copper, iron
(as ferritin) and selenium serum concentrations were in the normal range, while zinc levels in
both countries were mostly below the lower limit (10.8 pmol/L) of reported reference intervals
A positive correlation between zinc and birth weight or BMIC was only observed for concen-
trations exceeding 10.8 pmol/L. Analysis by quartiles showed that maternal urinary creatinine
and birth weight were negatively corrclated (p=0.001). The influence of the different elements
on BMIC, grouped by quartiles, was significantly positive only for sclenium (p=0.03) and
ferritin (p=0.02). while there was no significant relationship for copper or zinc. Adjustment of
birth weight and BMIC for gestational age did not alter substantially the various associations
indicated.

Conclusions. With the exception of zinc, the mineral status of delivering women in arctic and
sub-arctic regions of Norway and western Russia appears 1o be adequate. The significantly
lower BMIC for the Russian group suggests the likely occurrence of nutritional deficiencies
during pregnancy in Russia. However, the significant contribution of a country factor in the
predictive model implies that the maternal serum trace-clement concentrations explored in
this study are incomplete indicators of fetal undernourishment

Key words: arctic; essential elements; pregnancy outcome
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A number of publications have recently explored
Abbreviations:

AMAP: Arctic Monitoring and Assessment Pragramme, ANO- the Cfr,eCl of en\_'lronmcnla_l pollution on human
VA: analysis of variance; BMI: body mass index, BMIC: body health in subarctic and arctic areas of Norway and
mass index of child Russia (1-5). In a recent paper (6), we compared
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the urinary nickel excretion in pregnant women
and their newborns living in Murmansk and Arkh-
angelsk Counties of Russia with Norwegian popu-
lations living in Finnmark and the city of Bergen.
A significant contribution of a couniry factor in
the multivariate analysis indicated that other risk
factors for low birth weight should be identified.
The status of trace elements has been thoroughly
discussed both in normal populations and in con-
nection to pregnancy outcome in Nordic com-
munities (7, 8), but no assessments have been per-
formed in arctic populations. To elucidate this as-
pect, maternal serum concentrations of four
important elements essential to fetal development
were measured, namely copper, iron (as ferritin),
selenium and zinc. A preliminary and incomplete
report of the observed concentrations of these four
elements has appeared elsewhere (9). The aim of
the study described was two-fold:

(1) To compare concentrations of different essen-
tial elements in sera of delivering women liv-
ing in the north-western part of Russia with
those in populations living in northern Nor-
way and the city of Bergen in the south-west
of Norway:

(2) To assess the influence on birth weight and
BMIC of the maternal copper, iron, selenium
and zinc status and questionnaire-based an-
amnestic information.

This study was approved by The Regional Ethical
Committee, University of Tromse, Norway. the
Norwegian Data Inspectorate and the Regional
Health Administrations of Murmansk and Arkh-
angelsk Counties.

Material

Personal contacts with colleagues in the different
hospital delivery departments were established,
and all procedures and protocols were provided in
Norwegian, English and Russian. The Russian
geographic sites in our study were Nikel, Monch-
egorsk and Arkhangelsk (Fig. 1). Nikel (23 000 in-
habitants) is a community close to the Russian-
Norwegian border with a population mostly em-
ployed in primary nickel refining operations. Mon-
chegorsk (65 000 inhabitants) is the biggest nickel
refining center in the Kola Peninsula. Arkhangelsk
is the largest city on the White Sea, with 419 000
inhabitants and five pulp and paper plants of sub-
stantial size in the surrounding area, but no metal
producing industry. It is located south of the Arc-
tic Circle, at 64° latitude. The Norwegian cities
were Kirkenes, Hammerfest and Bergen (Fig. 1).
Kirkenes (approximately 4500 inhabitants) is
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located near the Russian-Norwegian border, 50
km from Nikel. The Kirkenes delivery department
receives women from the eastern part of Finnmark
(total population 28000), the area geographically
adjacent to the Russian border. Hammerfest
(12000 inhabitants) is a coastal city of Finnmark;
the hospital delivery department there receives
women from the western part of Finnmark (a total
of 45 000 residents), including the main native Saa-
mi centers in Finnmark County. Bergen (60° lati-
tude) is the second biggest city of Norway in the
south-west part of the country (total population
220000), with no heavy industry. It was included
because it represents a non-arctic, urban com-
munity.

Information by questionnaire, serum, urine and
placenta specimens were collected from at least 50
consecutive patients presenting themselves to the
hospital delivery departments in each location.
The enrolment and sampling were perfoi..2d in
the following time periods: Arkhangelsk April -
May 1993; Kirkenes, Hammerfest, Bergen, Nikel
and Monchegorsk November 1993 -~ June 1994.
Body fluid specimens were collected from a total
of 318 new mothers; of these 151 were Russian
(Nikel, Monchegorsk and Arkhangelsk) and 167
were Norwegian (Kirkenes, Hammerfest and
Bergen). The women were asked to join the study
by completing a consent form. Medical records in
hospital delivery departments were consulted as
appropriate.

Pregnant women in Kirkenes with prepartum
complications or suspected delivery problems are
sent to the Regional Hospital in Tromse. In the
sampling period, a total of two such transfers were
registered. Hammerfest hospital has a neonatal in-
tensive care department and no cases were sent to
Tromso before delivery during the sampling
period. None of the pregnant expectant mothers
refused to join the study.

Methods

In an interview, local midwives or gynecologists
administered a questionnaire to the expectant
mothers to secure the following personal details:
age, parity, height and weight of mother, ethnic
background, places of residence exceeding six
months, schooling, occupation, smoking habits,
alcohol consumption, medication, serious diseases
before or during pregnancy and dietary habits re-
lated to local food intake. The dietary question in
the interview was meant as a very simple indicator
of the amount of daily intake of locally produced
food, like meat, fish, potatoes, berries, and mush-
rooms, and did not constitute a detailed food fre-
quency assessment. Delivery department derived
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Fig. 1. Schematic map of the Russian Barents region. Bergen 1s located in the south-west of Norway, and is not shown on the map,

Courtesy of Elin Hanssen, NILU, Tromso, Norway.

information included Naegele term, date of deliv-
ery, length and weight of baby, weight of placenta,
APGAR score, congenital malformations, ges-
tational age, and individual comments by the doc-
tor or midwife. Enrolment, completion of the in-
formed consent form and the questionnaire, and
specimen collection were done before the delivery
process started in order to minimize stress. Years
of education, defined as years at school, as well
as alcohol consumption details were missing in the
questionnaire responses by the Russian partici-
pants and could not therefore be included in the
multivariate analyses.

Specimens of antecubital vein blood from the
mother (immediately postpartum) were taken in
tubes (Sarstedt 02.264.020 10 ml Monovette, AH
23510) after installing a Viggo Spectramed venflon
(1.4 mm, 17 Gauge L 45 mm) in the vena cubiti.
Maternal serum was separated by centrifugation
and transferred to tubes (Sarstedt 127-4004) for
storage at —20°C. After each field trip, samples
were immediately transported frozen to Norway,
and kept at —20°C until analysis. Maternal urine
specimens were stored and transported in an iden-
tical manner. Collection details were provided pre-
viously (6). The sampling equipment was tested for
possible elemental contamination by leaching with

0.5% nitric acid and the concentrations found were
below the detection limits of the methods. Copper
and zinc were determined by flame atomic absorp-
tion spectrometry without dilution of the serum
samples, applying the microcup technique. Cali-
bration curves were constructed using matrix-
matched standards prepared from Seronorm ani-
mal serum (Sero Ltd, Billingstad, Norway). The
accuracy and reproducibility of the method were
ensured using Seronorm human serum reference
material (Nycomed, Norway). The concentrations
found for both metals agreed well (+4%) with the
values recommended by the manufacturer; typical
within-day and between days variations of the
quality control materials were 2 and 4%, respec-
tively. Selenium in serum was measured by electro-
thermal atomic absorption spectrometry (10). Fig-
ures of merit for the measurement of selenium
using Seronorm human serum quality control ma-
terials were within *+5% of the certified values;
within- and between- days variations were 2 and
4%, respectively. The detection limits of the
methods (3xs.d.) were 0.08 (Cu), 0.1 (Zn) and 0.04
(Se) pmol/L. The clinical chemical parameters, in-
cluding iron and ferritin, were measured by a Hita-
chi 917 autoanalyzer using standard kits from
Boehringer-Mannheim. The creatinine content was
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Table I. Poputation characteristics, Russta and Norway

Russia Norway
Characteristic (N=151)! (N=167)? pvalues
Mean maternal age, years? 251 280 <0.001°
(s.d.) (5.8) (5.1)
Mean number of deliveries® 1.2 14 0.04°

Mean body mass index (BMI; kg/m?)®  26.87 2717 0.7°

Pre-eclamptic complications ol preg-

nancy>* 21.2 7.2 <0.001?
Smoking habits (%):*

Non-smokers 76.8 638 <0.001°
1-10 clgarettes/day 205 227

>10 cigarettes/day 26 135

Local food intake3® (%): 83.4 53.3 <0.001°

1 Number of individuals: Arkhangetsk, 51; Nikel, 50; Monchegorsk, 50.

2 Number of individuals: Kirkenes, 51; Hammerfest, 56; Bergen, 60.

3 Based on medical recards.

4 Pre-eclamplic conditions: hypertension, edema and/or proteinuria.

5 Based on questionnaire.

6 Regular use of locally produced vegetables, potatoes, berries and/or locally
produced fish or meat.

7 Number of individuals: Russia, 133; Norway, 124.

® Ttest.

% Chi-squared test.

measured by a Beckman Creatinine Analyser
based on Jaffe’s reaction (6). In all cases, standard
analytical protocols were employed.

For the statistical assessment, birth weight and
children’s body mass index (BMIC) were chosen
as the outcome variables. For univariate analysis,
multiple linear regression and ANOVA, the Epi
Info 6, Version 6.04a, July 1996 (World Health Or-
ganization, Geneva, Switzerland) and the SAS
statistical software packages were employed. An
association was accepted when the 95% confidence
interval (Cl) of the regression coefficient did not
include zero. The Bartlett’s test for homogeneity
of variance and the Mantel-Haenszel and Fischer
exact tests for comparison of proportions were
used. Since only two children were lighter than
2500 g in the Norwegian group, it was decided to
use the birth weight outcome as a continuous vari-
able instead of categorical (i.e., by defining low
birth weight as <2500 g). Birth weights corre-
sponding to gestational ages of 30-38 weeks were
adjusted using the observed rate of increase of 166
g/week.

Results

Population characteristics

A number of population characteristics are com-
pared in Table 1. Maternal age, number of deliver-

ies, and smoking habits in the Norwegian group
were significantly higher (p<0.001, p=0.04, and
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p<0.001, respectively). The Russian participants
had a higher prevalence of pre-eclamptic compli-
cations and greater frequency of local food intake
(p<0.001 in both cases). There was no significant
difference in maternal body mass index at term
(BMI, p=0.7). ’

Pregnancy ourcomes

The mean birth weight was significantly higher in
the Norwegian group: 3584 (2150-4960) g com-
pared to 3185 (1400-5100) g in Russia, p<0.00!
(Table II), with or without adjustment for ges-
tational age or gender. By contrast, newborn ba-
bies were longer in the Russian study groups (p=
0.002). This is reflected in BMIC, which was lower
in the Russian neonates (p<0.001).

The mean gestational age was lower in Russia;
38.7 versus 39.8 weeks (p<0.001). Although pla-
cental weight was higher in Norway, the difference
did not reach significance (p=0.3). The number of
neonatal malformations reported in both countries
were too small for a meaningful comparison: two
children in the Russian study group had a regis-
tered congenital malformation (one hydrocephalus
in Arkhangelsk, one minor heart defect in Monch-
egorsk), while the five registered malformations re-
ported for Norway included two limb defects and

Table 1l. Comparison between selected pregnancy outcomes in Russian and
Norvegian populations

Russian Norwegian

population  population
Pregnancy Outcome’ N=151 N=167 pvalues?
Mean birth weight, g 3185 3584 <0.001
(s.d.) (612) (509)
Range 1400-5100  2150-4960
Mean length of baby, cm 516 50.6 0.002
(s.d) (3.4) (2.1)
Mean body mass index ol 11.9 139 <0.001
children, kg/m? (s.d.) (n (1.3)
Mean placenta weight, g 5854 6075 0.3
(sd) {(141) (158)
Mean gestational age, weeks 387 39.8% <0.001
(s.d) (19) (1.3)
Neonatal matformations® (%) 13 3.0

1 All information Is derived from medica! records; 1 perinatal death (the child
with hydrocephalus in Arkhangelsk), but no still births in the period of data
collection.

2 T-test, unless indicated otherwise.

3 Malformations: Russian group: 2 {1 hyd; in Arkh X, 1 minor
heart defect in Monchegorsk). Norwegian group: 5 (2 limb defects, 3 minor
heart malformations).

4 Number of individuals {A) 101.

5 N=153.




Table I1l. Mean concentrations (s d ) and range of essential elements in serum
(S) of defivering vomen in Archic Areas of Russia and Norway with accepted
references intervals

Accepted intervals

Element Russia Norway pvalug! (11, 12,13, 14)
Copper (S), 351(65) 37.3(82) 002 18.5-47.4
pmol/L 18.5-570 162-686 (end of term)
N=110 N=150
Zinc (S}, B2(17) 85(32) 03 108-229
pmot/L 49-144 32-165
N=107 N=150
Selentum (S), 10(02) 11(02) 02 07-16
umol/L 06-16 05-20
N=108 N=149
Ferritin (S), 235(338) 245(196) 08 7-133
piL 3-245 5-157
N=150 N=153
' Test.

three minor heart malformations. One perinatal
death was reported in the sampling periods.

Serum concentrations of essential elements

Mean concentrations of the four essential elements
determined in maternal sera are presented in Table
111. The data for all the measured elements in our
study were normally distributed. The copper
values for both countries were mostly within the
accepted concentration interval, although the
mean was somewhat higher in Norway (p=0.02).
Serum zinc levels were generally below reported
reference levels, even taking into account the
known physiological decrease in concentrations
during pregnancy (13). Splitting the Norwegian
group by community, the southern Norwegian
group of Bergen had 32% of the values below the
generally accepted lower limit (10.8 pmol/L), while
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in the arclic Norwegian group 100% were below
this value; in Russia 93.5% of the zinc concen-
trations were below 10.8 pmol/L. There was no sig-
nificant difference between the countries (p=0.3).
The selenium levels conformed to the accepted ref-
erence interval in both Norway and Russia, show-
ing no significant difference. By contrast, ferritin
concentrations showed a wide range in both coun-
tries; but the means were indistinguishable (p=0.8).

Univariate linear regression

The outcome of univariate linear regression analy-
ses of the four different essential elements and
questionnaire variables are shown in Table IV, with
birth weight as the dependent variable. Both na-
tional and country-adjusted data are provided.
The regression coefficient corresponds to the
change in birthweight in grams per unit of the
examined explanatory variable. None of the essen-
tial elements in serum were significan! predictors
of birth weight. However, by grouping the zinc
concentrations, we find the zinc to be positively
correlated with unadjusted birth weight only for
the group (N=41) with concentrations >10.8
pmol/L (p<0.025). Even for the small group of in-
dividuals (N=25) with very low zinc values, <5.5
pmol/L, no negative correlation was evident. Of
the other variables, maternal urinary creatinine
is a weak negative predictor (p>0.05, with a f-
coefficient of —9.3 [Cl —20.7-2.0]). Maternal
age, number of deliveries, BMI1, and maternal
weight were significant  positive  predictors
(0.05<p>0.001), while maternal smoking sup-
pressed birth weight (p<0.025). The influence of
the country factor is highly significan! (»<0.001).

Adjustment of birth weight for gestational age
had no substantial impact on the linear associ-
ations summarized in Table IV.

Yable IV. Univanale linear re ;ression analysis of birth vieight Weight change 1n g/Unit (93% Cl) and p-value Crude and adjusted for country

Total group, adjusted for

Variable Russia p Norway p country p
Maternal copper (S, pmoliL) -05(-187-178) >005 57 (—4.1-155) >005 38(-53-12.8) >005
Maternal zinc (S, pmol/L) —198(-907-51.2) >0.05 58 (-31.5-19.9) >0.05 -8.2(-34.2-177) >005
Maternal seleaium (S. pmol/L} 3354 (-2734-9443) >005 590 (-3591-4771)  >005 177.0 (-173.8-5278) >005
Maternal ferritin (S, pg/L) -01(-32-29) >005 15(-27-57) >005 03(-20-27) >005
Maternal urinary creatinine (mmol/L) -68(-223-87) >005 ~138(-311-34) >005 -93(-207-20) >005
Maternal age 151(-20-322) >005 14 4 (0.75-29.5) >005 148 (33-26.1) <0005
Smoking habits (see Table 1) 346 (-1651-2343) >005 1632 (-2205--5.97) <0005 -103.2(-203.1--33) <0025
Number of defiveries 831 (-221-1883) >0.05 377 (-325-107.9) >005 549 (-47-114 4) <005
Local food (yes/no) ~550(=3207-2106) >005 —626 (—218 8-93.5) >005 -60.1 (-1998-796) >005
Maternal BMI {kg/m?) 137(-92-365) >005 234 (41-427) <0025 183(3.3-332) <0005
Maternal height (cm) -56(-250-138) >005 149 (06-29 1) <005 54 (-6.5-17.4) >005
Maternal weight (kg) 53(-38-144) >005 90 (27-154) <0005 7.4 (21-12.8) <0 001
Pre-eclamptic condition {yes‘no) -1183(-3592-1227) >005 116 (-301.1-3034) >005 —-81.7 (-264.7-1023) >005
Country 399.1 (275.1-523 0) <0001
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Table V Influence ol S-copper, S-zinc, S-selenium and S-ferstin on BMIC
(wetght/length?), grouped by quartiles, ANOVA

BMIC BMIC BMIC BMIC
Element, grouped  (sd.) {sd) {sd) {sd)

by quartiles Group 1 Group2 Group3 Group 4  pvalue'
Copper? 131 129 130 134 032
N=260 (16) (18) (18) (18) (0.38)
Zinc® 134 131 130 130 053
N=257 (1.9) (16) (18) (1.8) (0.52)
090

Selenium* 125 133 131 134 003
N=257 (1.9) 17 (7 (1.8) 0.11)
Ferritin® 132 126 127 134 002
N=303 {19) {18) (18) (18) (001)

¥ pvalues in parentheses refer to BMIC adjusted for gestational age

2 Concentration intervals; 16 1-30 9; 31.1-35 8, 35.9~40 4, 40 5-68 6
(pmol/L)

3 Concentration intervals, 3 2-6 4, 6 6-7.8; 7.9-9.2; 9 3-16 5 (umol/L).

4 Concentration intervals; 0.51-0.98, 0.92-1.03, 1.04-1.17, 1 18-1.99
{pmol/L).

S Concentration intervals, 3-8 9-15; 16-27; 28-245 (ug/L)

Table VI Multivariate linear regression analysis mode! to predict birth weight
for the combined Russian/Nornvegian poputation®

Change in birth weight in g/

Variable unit of variable? (95% Cl) p-value
Copper (S} 33(-87-152) >005
Zinc (S) -20.9 (-52.1-102) >005
Selenium (S) 155 (—371-641) >005
Ferritin (S) 03(-29-34) >0.05
Country 284 {88-479) <0005
Maternal urninary creatinine ~63(-17-90) =005
Maternal age 43 (-154-240) >005
Maternal smoking —-45 (-182-92) >005
Number of delivernies 30 (—67-127) >0.05
Maternal body mass index (Bhi) 189 (—14-392) =005
Maternal height 164 (1.1-31.6) <005

! Clinical variables chosen fram Table 111, based on strength of the regression
coefficients or chinical interest F-statistic for the model is 3 04, with d f 11
and 166. p<0 001

2 For units, see Table IV

Analysis of variance by quartiles

Serum copper, zinc, selenium and ferritin concen-
trations when grouped by quartiles had no influ-
ence on birth weight, either for the separate coun-
tries or the whole material (data not shown). How-
ever, if we use BMIC as the outcome factor
(adjusted or unadjusted for gestational age), we
find that both selenium and ferritin are significant
positive predictors (p=0.002 and p=0.02, respec-
tively, Table V). A similar relationship between
BMIC and zinc or copper could not be demon-
strated. By contrast, grouping by quartiles showed
that maternal urinary creatinine and birth weight
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were negatively correlated (p=0.001, unadjusted;
p=0.01, adjusted).

Multivariate linear regression

The significant univariate and clinically significant
parameters were put into a multivariate linear re-
gression analysis (Table V1). In the model none of
the essential elements turned out to be significantly
correlated with birth weight. The positive predic-
tive values of maternal BMI1 (p>0.05) and mat-
ernal height (»p<0.05) were overshadowed by the
substantial country factor (p<0.005). When em-
ploying birth weight adjusted for gestational age in
the model, the contributions of BMI (p<0.005)
and maternal height (p<0.005) were strengthened,
while the country factor was weakened (p>0.05).
Performing the same analyses with BMIC as the
dependent variable produced no significant
changes for copper, zinc and ferritin, while ~ posi-
tive correlation with selenium came close to sig-
nificance [B-coefficient 1.02 (-0.3-2.3), p>0.05].
Further, BMI became a significant predictor of
BMIC (p<0.05), the maternal height lost signifi-
cance (p>0.05), and the country factor remained
substantial (p<0.001). Gestational age adjustment
had little impact in this instance. Gestational age
adjustment restored the significance of maternal
height (»<0.05), but had no other impact.

Discussion
Limitations of the study

Information for a number of the questionnaire re-
sponses (Table I) and delivery department data
(Table II) are missing. This was difficult to prevent
since at each hospital local midwives and gyne-
cologists were involved. Unavoidable restrictions
on serum collection, storage or shipment account
for the reduced number of donors reported in
Table 111. Further, a number of information biases
can be identified. Answers concerning the con-
sumption of local food were not well answered in
the Russian community of Monchegorsk. The rea-
son for this may reflect the decision by the local
interviewer not to emphasize this component. The
refusal by 36% of the Russian respondents to pro-
vide information about alcohol consumption sug-
gests that this topic is culturally sensitive. Even
fewer individuals responded to educational back-
ground questions there. Inconsistency between in-
terviewers is also of concern. However, this was
unavoidable since so many different communities
were involved. Furthermore, the questionnaire was
translated from Norwegian into Russian and this
may have affected some of the questions. Of
course, inherent ambiguitics in the questions may



have influenced the consistency of the answers. In
our judgment, the discrepancies between Norweg-
ian and Russian physicians in classifying preg-
nancy complications and outcomes were minimal.
An example is the diagnosis of the pre-eclamptic
condition.

Selection bias might have occurred because of
the transfer of cases with complications to regional
hospitals. Patient transfers were few and three were
recorded in total. Their omission did not affect the
significance tests. Due to logistical and technical
limitations, as well as economic reasons, the
sample size for each country was too small to de-
tect differences in the incidence of congenital de-
fects. Much larger populations need to be exam-
ined to identify such outcomes with adequate stat-
istical power, as they are relatively rare (15). The
small number of cases identified in the present
study is consistent with this.

Population characteristics and pregnancy outconies

The most noticeable differences reported for the
two comparison groups is the much higher preva-
lence of pre-eclamptic complications in Russia
(Table I) and the substantially lower mean birth
weight for the Russian neonates. The latter is also
reflected in the lower mean BMIC. The birth
weight has some disadvantages as a dependent
variable for pregnancy outcome. due to genetic dif-
ferences (16, 17). The body mass index of newborn
children (BMIC) has been suggested to have some
advantages as an index 1o the nutritional status of
newborn children (18-20).

Serum copper, zinc, selenium and ferritin
concentrations

It may be concluded from measurements of serum
concentrations that the copper. selenium and iron
(ferritin) statuses among both Russian and Nor-
wegian mothers are adequate and similar (II).
This is perhaps surprising as socioeconomic and
nutritional conditions are quite different in the two
countries.

Maternal serum copper concentrations are
known to increase significantly in the second and
third trimester of pregnancy (13. 21). This is im-
plied in the end-of-term reference interval reported
in Table II1. Infections or inflammatory conditions
also increase plasma or serum copper. Although
copper deficiency is reported infrequently, it pro-
duces a plethora of clinical symptoms (13, 22), pre-
sumably because copper is an essential constituent
of many enzymes and other important proteins
(23). Good dietary sources are offal, especially
liver, followed by scafoods, nuts and seeds (22).
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The mean zinc concentrations found in both
Russia and Norway fall well below accepted adult
levels reported in the literature (10.8-22.9 umol/L)
(8, 11-14). Only in the non-arctic Norwegian city
of Bergen did a substantial fraction of participants
(68%) have serum zinc levels above the lower limit
of this interval. It is known that pregnant women
are at risk of acquired zinc deficiency because of
its requirements by the developing fetus (I3).
Plasma or serum zinc is also hormonally sup-
pressed during pregnancy. However, the rather low
levels observed (c.f. values reported in 21) suggest
that additional factors appear operative which are
not necessarily related to nutrition. Possible
examples are diurnal variations, stress, inflam-
mation or infections. Zinc is needed for normal
fetal development and is known to influence preg-
nancy outcome such as birth weight, as discussed
in the next section. Although there has been some
suggestion that iron-folate supplements reduce
zinc absorption (13). the fact that the serum zinc
concentrations are lower in both countries suggests
that this is not a contributing factor since such
supplements are not commonly prescribed in Rus-
sia. Since the iron, selenium and copper balances
were in the normal range for both the Russian and
Norwegian subjects. and since meats and/or sea-
foods are good sources of these elements as well as
of zinc (22, 24). dietary deficiency is not very likely.
Zinc is relatively poorly absorbed from whole
grain products and their relative importance in the
diet might furnish one explanation. Further re-
search is no doubt required to verify the apparent
low zinc status. especially in the arctic populations
in our study, including the administration of a de-
tailed food frequency questionnaire.

The serum selenium levels observed correspond
well to those reported in other studies (3). It has
been shown that serum selenium decreases slightly
during pregnancy (13. 25). In Finland, including
its arctic regions, there has been considerable con-
cern about the low selenium content of foods
grown on selenium deficient soils (26). Selenium
supplementation of fertilizers has significantly im-
proved the selenium status in Finland, as judged
by serum concentrations (26). Since the observed
serum selenium concentrations are in agreement
with the international accepted intervals for adults
(13, 14, 24, 26), we conclude that its status in both
study groups is normal. Selenium is a component
of a number of crucial enzymes and deficiency has
been linked to cardiovascular disease and osteoar-
thritis in children; it is also suggested as a cancer
risk (13, 24, 26). Seafoods, kidney, liver and to a
lesser extent other meats, are reliable sources of
selenium. By contrast, grains and other seeds as
sources are considerably more variable, depending
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on the selenium content of the soils in which they
have been grown (22).

Iron supplements for pregnant women in Nor-
way may be considered routine (27). This practice
is not in place in Russia. Despite this, the ferritin
concentrations in the two countries were almost
identical (p=0.8) and in the acceptable range.
Serum ferritin in healthy women is a very appro-
priate indicator of the body’s iron stores (28). Ref-
erence values have quite a wide range, and the cur-
rent Norwegian accepted interval is 7-133 pg/L,
depending on age, sex and pregnancy. Elevated
serum ferritin in the second and third trimester has
been suggested as a predictor of early spontaneous
preterm delivery (29). Iron is widely distributed in
the food supply; meat, eggs, fruits, vegetables,
juices and cereals are the principal dietary sources.
Absorption of iron is also very dependent on the
iron status of the individual (13), as well as disease
factors like liver disease and infections (28). Iron
supplementation is recommended during preg-
nancy as well as foliate to assure proper erythro-
cyte development (22).

Birth weight as a pregnancy oulcome

The univariate and multivariate regression analy-
ses of birth weight (Tables IV and VI) suggest that
maternal age, BMI, height, and weight, as well as
number of deliveries, appear to be positive predic-
tors of birth weight in the present subjects. On the
other hand, maternal cigarette smoking and uri-
nary creatinine concentrations are negatively as-
sociated variables. In addition, a large unknown
country factor component dominates.

BMI is recognized as an age-dependent indi-
cator of body fatness (30), although some residual
dependence of this index on body height might be
expected (31). Maternal age, BMI and height are
indeed recognized predictors of birth weight (32,
33), as is parity (32, 34). As observed, maternal
smoking is well known to suppress birth weight
(32, 35). It is of interest that the 36% smoking fre-
quency found among the Norwegian group (Table
I), concurs almost exactly with the proportion of
subjects identified as daily smokers prior to preg-
nancy in a recent survey of 4766 pregnant Norweg-
ian women (36).

A positive association between maternal serum
zinc concentration and birth weight after control-
ling for other determinants has been reported (37).
Serum zinc levels <9.1 umol/L late in pregnancy
was associated with a 6-fold risk of a low birth
weight infant; an increase of 1.0 junol/L of serum
zinc late in pregnancy corresponded to an increase
of 56 g in neonatal weight. Interestingly, zinc sup-
plementation during early pregnancy in women

© Acta Obstet Gynecol Scand 78 1999)

with relatively low plasma zinc concentration has
been associated with greater neonatal birth weight
and head circumference, being most effective in
women with a BMI <26 kg/m? (38). Very low
birth-weight infants also appear to respond with
improved linear growth to zinc supplementation
(39).

The positive correlations found between sel-
enium and ferritin and BMIC, like that for zinc
and birth weight, highlight the importance of good
nutrition during pregnancy. Consistent with this is
the work of Scholl et al. (40), who have shown that
in low income, urban women use of prenatal multi-
vitamin/mineral supplements have the potential to
diminish infant morbidity and mortality. Godfrey
et al. (41) have assessed the nutrient intakes of
mothers in early and late pregnancy, suggesting
that a high carbohydrate intake in early pregnancy
suppresses placental growth, especially if com-
bined with a low dairy-protein intake in late preg-
nancy. They postulated that this may have long
term consequences for cardiovascular disease in
offspring. A number of studies by the Barker
group support such a hypothesis (42). A criticism
of this view is that socioeconomic conditions at
birth tend to persist throughout life, and appear
to be more decisive for adult health than in utero
undernourishment (43). A properly designed study
of diet during pregnancy of Russian prospective
mothers, which takes into account socioeconomic
conditions, is clearly needed.

In the earlier publication (6), maternal urinary
creatinine was a negative determinant of birth
weight in both countries in a more restricted group
drawn from the present study population. The lin-
ear regression and ANOVA results reported here
corroborate this observation. Supporting evidence
exists to interpret this parameter as an index to
subclinical pre-eclamptic manifestations such as
pregnancy induced hypertension (6, 44).

Concluding remarks

Even though we have identified a number of mor-
phometric, clinical chemistry and life-style factors
as determinants of birth weight or BMIC, the
magnitude of the B-coefficient of the country fac-
tor in the univariate and multivariate analyses sug-
gest we have failed to identify other important pre-
dictors of birth weight. In the first instance, this
outcome presumably reflects unidentified differ-
ences in socioeconomic conditions not accounted
for such as alcohol use, education and occupation
(32, 33). Nutritional factors other than the essen-
tial elements considzred, such as carbohydrate and
protein intake during pregnancy, might also be rel-
evant. Nevertheless, our positive findings for zinc,



ferritin and selenium support the suggestion (19)
that BMIC is somewhat more sensitive to the nu-
tritional status of the newborn child than birth
weight.
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Background. Delivering women and their newborns in the Kola Peninsula of Russia and the
neighboring arctic area of Norway were studied to explore relationships between maternal
cadmium and lead status and birth weight as a pregnancy outcome

Methods, Life-style information. maternal blood and cord blood specimens were collected
from 50 consecutive mother-infant pairs from hospital delivery departments in three Russian
and three Norwegian communities. Pregnancy outcomes were verified by consulting medical
records. Lead and cadmium were determined in the blood samples by electrothermal atomic
absorption spectrometry

Results, The median blood-cadmium concentration for the Russian mothers was 2.2 nmol/L
{(n=148) versus 1 8 nmol/L in the Norwegian group (n=114. p=055). A weak association
was observed between maternal cadmium and amount smoked (r=0.30. p<0.001). no corre-
Iation was found between maternal blood cadmium and birth weight. The corresponding
maternal lead values were 0.14 (Russia) and 0.06 pmol/L (Norway). p<0.001. The latter lead
concentration constitutes one of the lowest adult population values reported to date. Mat-
ernal and cord blood lead levels were strongly correlated (r=088. p<<0.001). In a multivariate
lincar regression model. maternal blood lead was recognized as a negative explanatory vari-
able (p<0.05) for birth weight and child’s body mass index (BMIC). with or without adjust-
ment for gestational age. A similar association was suggested by ANOVA-analysis of maternal
blood lead by quartiles

Conclusion Maternal blood-lead level as an environmental factor 1s an apparent predictor of
low birth weight and BMIC. It reduced substantially the contribution of a country factor in
explaining the obsersed differences in birth weight

Key words arctic populations. birth weight predictors: cadmium: environmental influences:
lead: pregnancy outcome

Submutted § December. 1998
decepred 3 May, 1999

A number of publications have recently focused on
the effect of environmental pollution and human
health in the arctic areas of Norway and Russia

Abbreviations

AMAP: Arctic Monitoring and Assessment Programme. ANO-
VA: analysis of variance: BMI body mass index. BMIC body
mass index of child: CBCd: cord bloed cadmum. CBPbh, cord
blood lead. DL: detection hmitt: MBCd maternal blood cad-
mium: MBPb: maternal blood lead
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(1-6). Although associations between occupational
and environmental exposures to cadmium or lead
and pregnancy outcome have been explored (7-
10). no comprehensive studies exist that focus on
emironmental exposures in arctic areas. A prelimi-

This study was approsed by The Regional Ethical Committee,
Unnersity of Tromso. Norway. the Norwegian Data Inspector-
ate and the Regional Health Admmistrations of Murmansk
and Arkhangelsk Counties




nary and incomplete report of concentrations of
these toxic metals in biological fluids of pregnant
women in the Norwegian and Russian arctic has
appeared in conference proceedings (2). The full
data complement and statistical analysis of mat-
ernal cadmium and lead status as possible risk fac-
tors for low birth weight and reduced BMIC are
reported here.

Materlal

The Russian geographic sites in our study were Ni-
kel, Monchegorsk, Kirovsk, Apatity, Murmansk
and Arkhangelsk, while in Norway the cities were
Kirkenes, Hammerfest and Bergen. Appropriate
geographic and demographic information about
these cities are provided in (11), including a map.

Information by questionnaire, maternal and
cord blood were collected from 50 consecutive pa-
tients presenting themselves to the hospital deliv-
ery departments in each location. The registration
and sampling were performed in the following time
periods: Arkhangelsk in April-May 1993; Kirken-
es, Hammerfest, Bergen and Nikel from November
1993 to June 1994. Maternal and cord blood were
collected from a total of 262 mother/child pairs; of
these 148 were Russian (Nikel, Monchegorsk and
Arkhangelsk) and 114 were Norwegian (Kirkenes,
Hammerfest and Bergen). A number of samples,
especially from Kirkenes, had to be excluded be-
cause of storage or transportation difficulties. The
women were asked to join the study by means of
completing a consent form.

Methods

The personal, life style, morphometric and medical
information was obtained through interviews and/
or delivery department records. as described
earlier ([1).

Specimens of antecubital vein blood from the
mother (immediately post partum) were taken in
tubes (Sarstedt 02.264.020 10 ml Monovette. AH
23510) after installing a Viggo Spectramed venflon
(I.4 mm, 17 Gauge L 45 mm) in the vena cubiti.
Cord blood was collected by inserting the venflon
into the cord immediately after delivery of the pla-
centa, using the same equipment. The anticoagu-
lant was heparin in both cases. The samples were
immediately frozen at —20°C and kept frozen in
isopor boxes during transport to the analytical lab-
oratory; they were stored at —20°C until analysis.

Cadmium and lead in whole blood were deter-
mined by electrothermal absorption spectrometry
(12), employing a Perkin Elmer Model 5100 PC/
HGA-600 Zeeman-based absorption spectrometric
system. Whole blood samples were first digested
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in hot nitric acid. The concentrations measured in
whole blood quality-control materials (Nycomed,
Norway) were in accordance with the values rec-
ommended by the manufacturer (+5%). The detec-
tion limits (DLs) were: 1.0 nmol/L for cadmium
and 0.02 pumol/L for lead. Serum concentrations of
copper, zinc, ferritin and selenium, as well as uri-
nary creatinine and nickel levels, are known for
most of the subjects (11, 13).

For the univariate analysis, multiple linear re-
gression, and analysis of variance (ANOVA), the
Epi Info and the SAS statistical software packages
were employed (11). An association was accepted
when the 95% confidence interval (CI) of the re-
gression coefficient did not include zero. The Man-
tel-Haenszel and Fischer exact tests for compari-
son of proportions were used. The results of mat-
ernal blood lead and cadmium were not normally
distributed, and the non-parametric Wilcoxon
rank sum test or the Kruskal-Wallis test for two
groups was used for comparison between groups.
Concentrations below the DL were arbitrarily as-
signed the value of 1/2 DL. Birth weights corre-
sponding to gestational ages 30-38 weeks were ad-
Justed using the observed rate of increase of 166 g/
week.

Results
Population characteristics and pregnancy outcomes

Population characteristics are presented in Table I.
Maternal age and number of deliveries were higher
in Norway, while the prevalence of pre-eclamptic

Table |. Population characteristics, Russia and Norway

Russia®  Norway®
Charactenstic (n=148) (n=114) p-value
Mean maternal age, years® 250 282 0001°
(sd) (58) (51)
Mean number of deliveries® 12 15 0003°
Mean body mass index (BMI kg/m?) 268 269 09
Pre-eclamptic conditions®? (%) 216 88 ~0001"
Smoking habits® (%)
Non-smokers 764 632 001"
1-10 cigareties/day 209 202
10 cigarettes/day 27 140
Local food intakes! (%) 831 509 0001"

* Arkhangelsk=50, Nikel=49, Monchegorsk =49

 Kirkenes =19, Hammerfest =48, Bergen=47
Based on medical records

" Pre-eclamptic conditions: hypertension. edema proteinuna or anemia

“ Based on questionnaire

' Regular use of locally produced vegetables. potatoes berries and/or locally
produced fish or meat

v T-test

" Chr-squared test.
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Table H. Comparison between selected pregnancy outcomes in Russian and
Norwegian populations

Russian Norwegian

population population
Pregnancy outcome* {n=148) (n=114) p-valug®
Mean birth weight, g 3178 35714 <0001
(s.d.} (616) (488)
Range 1400-5100  2150-4960
Mean length of baby, cm 516 50.5 0003
{s.d.) (3.4) 2.2)
Mean body mass index 119 139 <0.001
of children, kg/m? (BMIC) (17) (1.3)
Mean placenta weight, g 584 589 08
(s.d.) (143) (144)
Mean gestational age, weeks 386 397 <0.001
(s.d.) (2.0) (14)
Neonatal malformations® (°o) 14 35

a Al information is derived from medical records One pernatal death (the
child with hydrocephalus 1n Arkhangelsk), but no still births in the perod of
data collection.

b T-test.

© Malformations: Russian group. 2 (1 hydrocephalus in Arkhangelsk, 1 minor
heart defect in Monchegorsk). Norwegian group. 4 (2 hmb defects. 2 minor
heart malformations).

conditions and local food intake were higher in the
Russian group. There was no difference in mat-
ernal BMI at term between the two countries.
Smoking frequency was significantly higher in the
Norwegian group.

Selected pregnancy outcomes are summarized in
Table 11. Birth weight was substantially lower in
the Russian babies. as was BMIC. The mean ges-
tational age also differed significantly (on average,
1.1 week shorter in Russia. p<0.001). Because of
the very small number of reported cases. malfor-

mations at birth could not be statistically com-
pared.

Whole blood concentrations of cadmivm and lead

The cadmium and lead concentrations in whole
blood and cord blood are presented in Table 11
for both the Russian and Norwegian participants.

Cadmium

The maternal blood cadmium (MBCd) levels were
very similar in the two countries (p=0.55). Only
three of the Russian values (2%) and four of the
Norwegian results (2.4%) exceeded the suggested
interval for non-smokers, all were smokers. Many
of the cord blood cadmium (CBCd) results (89.6%)
were below the DL, with one outlier at 38.6 nmol/
L for which there was no corresponding maternal
value. A correlation between maternal cadmium
and cord blood cadmium was not observed, most
likely because 73 MBCd- and 199 CBCd- values
were below the DL.

Lead

Both the maternal (MBPb) and cord lead
(CBPb) levels were higher in the Russian popula-
tion than in the Norwegian subjects (p<0.001).
In the Russian group, 39 values (23.4%) exceeded
the reference level of 0.20 mol/L., while none did
in the Norwegian group. Of the cord blood
results, eight (4.8%) exceeded 0.20 mol/L and
two exceeded the medical concern level for
children of 0.48 pumol/L (17). all in Russia. The

Table IIl. Cadmium and lead concentrations in whole blood or cord blood of delivening women and their newborn children in the populations studied

Russia Norviay Expected

median value median value interval
Element {range) (range) pvalue? (14-16}
Cadmium 22 055 <18 nmol/it
(Whole blood amol/L) 105-352] (05-269) (non-smokers)
n 148° 1140
Cadmium 05 -9
(Cord tiood nmoliL) 105-48) (0 5-38 6)
n 98¢ 124
Lead 014 006 <0001 <0.20 pmol/L
(Whote blood. pmolll) (0 04-0 65) (0 02-0 19)
n 148° 114°
Lead 0.10 0.05 <0001
(Cord biood, umolit) {0.03-0.53) (0.02-0.18)
n 98¢ 124¢

4 Wilcoxon two-sample test.

b n=50 (Arkhangelsk): n=49 (Monchegorsk): n=49 (Nikel); n=47 (Bergen): n=48 (Hammertest). n=19 (Kirkenes)
¢ =49 (Arkhangelsk): n=0 (Monchegorsk); n=49 (Nikel): n=49 {Bergen); n=>55 (Hammertest). n=20 (Kirkenes)

.89 6% of the values were at the DL, defined as 0 5 nmol/L

© Acta Obster Gynecol Scund 78 01999



Maternal Cd and Pb and birth weight 855

e nificant association between serum selenium (11)
and MBPb (r=-0.16, p>0.05).

Univariate linear regression and analysis of
variance

The results summarized in Table IV illustrate the
absence of any association between MBCd or
CBCd concentrations and birth weight (or BMIC),
consistent with the ANOVA of MBCd, grouped by
quartiles (Table V). A significant, although weak,
association between MBCd and amount smoked
was evident (r=0.30, p<0:001). For non-smokers,
no association was found between MBCd and
serum selenium (r=0.02, p>0.05), while for the
smokers there was a significant negative corre-
lation (r=—0.23, p<0.05).
In the univariate linear regression (Table IV,
MBPb, ymol/L footnote®), only BMIC was correlated with MBPb
Fig. I. Correlation between maternal blood lead (MBPb) and  (p<<0.05) in the Russian and combined groups
cord blood lead (CBPb) in Russian and Norwegian delivering when adjus[ed for ges[a[iona] age; no such associ-
women and their neonates: n=222, r=0.88, p<0.001. ation was evident for CBPb. This finding is re-
inforced by the ANOVA when lead concentrations
are divided by quartiles (Table VI, footnoté®). The
correlation between cord lead and maternal  corresponding scatter diagram suggests that the
blood lead was very strong (r=0.88, p<0.00l,  data points corresponding to MBPb>0.48 pmol/L
Fig. 1). There was a slightly negative, but insig-  are outliers.

CBPb, pmol/L

Table V. Univariate linear regression analysis of birth weight. Weight change in g/unit (95% Cl) and p-value

Both countries

Variable Russta p-value Norway p-value {adjusted) p-value?
Cadmium -15 >0.05 -99 >005 ~10.7 >0.05
(MBCd, nmol/L) {-325,96) (—26.7, 7.0) (-243,29)

Cadmium 46 >005 -233 >0.05 217 >0.05
(CBCd. mmolL) (=171, 262) (—49.1, 2.5) (-50.7. 7 4)

Lead =701 >0.05 1339 >005 -583 >0.05
{MBPb. pmola) (—1646 245) {1713, 4390) {1422, 256)

Lead -47 - >0.05 501 >005 -98 >0.05
(CBPb, pmoliL) (—1513 1419) (-3679, 2677) (~1304, 1107)

* Comparable p-vaiues were obtained when birth weight was adjusted for gestatronal age, when BMIC was the dependent variable, MBPb reached significance
(p<005) in both the Russian and the combined Russian-Norwegran group when adjusted for gestational age

Table V. Influence of maternal vhole blood cadmium (MBCd, nmol/L} on birth weight, grouped by quartiles. ANOVA

Birth weight 8irth werght 8irth weight Birth weight

9(sd) 9 (sd) 9 (sd) g(sd)

Group 1 Group 2 Group 3 Group 4
MBCd. grouped by quartiles [conc. interval) [conc. interval| [conc. interval) [conc. interval| p-valug?
Russia 3207 {561) 3214 (756) 3214 {543) 3109 (622) 085
(n=148) [<05) {0 5-2.1) [22-36) [37-352}
Norway 3667 (552) 3508 (437) 3486 (427) 3482 (496) 018
{n=114) {<05} 10.5-1.7} [18-57] {5.8-26 9]
Total group 3506 (595) 3364 (649) 3260 (531) 3339 (578) 049°
(n=262) [<05] 105-1.9) 12 0-4 4] [45-35.2|

2 Comparable p-values were obtained when BMIC was the dependent vanable and when adjusting for gestationai age
® Adjusted for country
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Table Vi Influence of maternal whole blood lead {MBPb, xmol/L) on birth weight, grouped by quartiles, ANOVA

Birth weight Birth weight Birth weight Birth weight

g(sd) 9(sd) g(sd) g(sd)

Group 1 Group 2 Group 3 Group 4
MB8Pb, grouped by quartiles |conc interval| |cone nterval] |conc. interval} |conc. interval] pvalue?
Russia 3323 (575) 3188 (723) 3253 (617) 2984 (493) 0085
(n=148) (<010] 1010-0 13| 10.14-0.20] 10 21-0 65|
Norway 3578 (506) 3604 (532) 3496 (577) 3663 (439) 068
(n=114) |=005] 10 05-0 06} 10 07-0 08} (009-019]
Total group 3552 {526) 3485 (564) 3288 (664) 3123 (562) 0 66°
{n=262) <007} 10 07-0 09] {0.10-0.15} 10.16-0 65}

* Comparable p-values vere obtained when bithweight was adjusted for gestational age. when BMIC was the dependent variable, the indicated trend for the
Russian data approached significance (p=0 055) and became significant (p=0 005) when adjusted for gestational age.

® Adjusted for country

Multivariate linear regression

The independent variables tested (11, 13) using the
backward stepwise regression approach (18) in-
cluded: maternal age, BMI, height, serum zinc, uri-
nary creatinine and MBPb; panity, pre-eclamptic
condition, local food consumption and smoking.
MBCd was also considered, since it might well
serve as a surrogate for smoking. A final model
that retains the important morphometric BMI for
interest 1s summarized in Table VII. For unad-
justed birth weight, MBPb is a negative predictor
of birth weight (p<0.05), while maternal urinary
creatinine as a risk factor and maternal age as a
positive predictor are almost significant. When ad-
Justing for gestational age, both maternal age
(p=<<0.05) and BMI (p<0.01) are positive explana-
tory variables, with MBPb (p<0.05) a negative fac-

Table VII. Multivanate linear regression analysis mode! to predict birth weight
for the combined Russian Norwegian population?

Change 1n brrth weight in
g/unit of variable

Variable for mother (95 % CI) p-valuet
Age (years) 147(-09 302) -0 05
BM! (kg/m?) 122(-60 304) 005
Urinary creatinine (mmol L) 90(-224.43) =005
Maternal smoking frequency

(grouped see text) 42 (-183 98) 005
Blood lead (pmol/L) 1068 {-2134 -2) 005
Country factor (Russia'Norv.ay) 179 (- 40 398) 005

* Backward stepwise regression was employed which included all non-com-
plementary variables that vere significantly associated (p~ 0 05) vath birth
weight in previous work or in the current study (see text) overall pvalue
for the model 1s <0 001

® When adjusting for gestational age maternal age |p- 0 05) 8MI (p- 001)
and MBPb (p< 0 05) were significant

© Comparable p-values vsere obtained when BMIC was the dependent vanable
vith MBPb (p<0 025) and the country factor (p< 0 001) exceptions after
adjustment for 13l age BM! was signif| {p- 001) aswere MBPb
(p<0025) and the country factor (p- 0 001)
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tor. An important feature of this model is the ab-
sence of a significant country factor.

The same multivariate analysis was also per-
formed with BMIC as the dependent variable (see
footnotet, Table VI1). Relative to birth weight, the
impact of MBPb (p<0.025) and the unspecified
‘country factor’ (p<<0.001) became stronger, with
or without gestational age adjustment: no other
factors in the multivariate model reached signifi-
cance, except BMI (p<0.01) after adjustment.

Discussion
Context of the findings

Limitations of the study design and practical prob-
lems during sampling and transportation are dis-
cussed in two other papers by the authors (11, 13).
In these papers. urinary nickel concentrations and
essential elements in maternal serum are explored
as possible explanatory variables for birth weight
and BMIC. Maternal urinary creatinine and
smoking were shown to have negative impacts on
birth weight and BMIC, while maternal serum
zinc. selenium and ferritin were shown to have
weak positive influences. Morphometric explana-
tory factors that were positively correlated were
maternal BMI. height and weight. as well as parity
and maternal age. However. a significant, unidenti-
fied “country factor’ in the statistical models re-
mained.

Muaternal and cord blood cadmivum concentrations

Blood cadmium concentrations of smoking Nor-
wegian men have recently been shown to be com-
parable to values suggested previously for non-
smoking persons (19). Because the observed levels
of MBCd and CBCd are low, environmental
sources of cadmium appear to have been minimal
for both study groups. The significant correlation




of MBCd to smoking suggests it may serve as a
possible surrogate for smoking habits, as discussed
also by other authors (7, 14, 19). Interestingly,
Zenzes et al. (20) have shown that cadmium con-
centrations in follicular fluid of women undergoing
in vitro fertilization-embryo transfer was higher in
smokers. The significant negative relationship be-
tween MBCd and maternal selenium concen-
trations for the smoking mothers has been ob-
served before for both adult smokers and non-
smokers (19). Presumably, it reflects the involve-
ment of selenium in cadmium metabolism or the
existence of antagonistic dietary or life-style fac-
tors. For example, diets high in selenium circum-
vent cadmium toxicity in animals, perhaps by low-
ering cadmium uptake (14). Protein deficient diets
(i.e., also low in selenium) are also known to in-
crease the absorption of cadmium. Further, alco-
hol consumption by pregnant women depresses the
cord blood selenium levels (21), and presumably
also in the mothers.

Our results suggest a threshold for the passage
of cadmium through the placenta. It seems that
the human placenta serves as a selective barrier to
cadmium with an average attenuation of 40-50%
(22, 23). It might also be that individual variability
related to metallothionein induction in the pla-
centa is operative. The animal data support this
conclusion, with free transport of cadmium
through the Wistar rat placenta. while the hamster
placenta is totally blocked (24, 25). Animal data
suggest that oral exposure to cadmium results in
reduced birth weight and more severe effects on the
fetus, including placental damage (14). Evidence in
humans of suppression of birth weight by cad-
mium is difficult to separate from the impact of
smoking (14). Its main toxic effect in adults is on
the kidney, producing tubular dysfunction char-
acterized by enhanced excretion of renal tubular
tissue enzymes, low-molecular-mass proteins. and
other essential metabolites such as calcium and
phosphate. Mild tubufar dysfunction has even
been associated with heavy smoking (26. 27).

Maternal and cord blood lead concentrarions

The reason for the significantly higher lead con-
centrations in the Russian samples is probably the
continued use of leaded gasoline (3). The fow Nor-
wegian cord blood levels are comparable to those
reported for neonates born in the Faroc Islands
(21), particularly if the mothers had frequently
consumed fish or had abstained from smoking. In
a parallel study by the present authors of indigen-
ous peoples in the Russian and Norwegian arctic
(3, 28), blood lead levels of children living in re-
mote areas of the Kola Peninsula were shown to
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be near or above the level of medical concern for
children of 0.48 umol/L (17), significantly higher
than in the urban populations of the Kola Penin-
sula. The reason for this is not obvious (28), but
gun-powder fumes and the consumption of game
contaminated with fragments of lead derived from
leaded ammunition are hypothesized as likely
sources (28, 29). Lagerkvist et al. (7) have done a
study of arsenic, lead and cadmium concentrations
in occupationally and environmentally exposed
pregnant women in northern Sweden. The lead
levels were higher in the occupationally exposed
women, and increased during pregnancy. It is now
apparent that pregnancy increases the mobilization
of lead from maternal skeleton, thus increasing fe-
tal exposure (30-32). The negative but weak re-
lationship between MBPb and serum selenium
concentration may well reflect the opposite re-
lationship between those two parameters and alco-
hol intake (21, 33). As already indicated, alcohol
consumption and serum selenium appear to be n-
versely related, while for blood lead it is direct.

The major environmental source of lead is the
use of lead in gasoline. In the USA there has been
a substantial decline in blood lead levels for per-
sons aged 1-74 years from 0.62 pumol/L in 1976~
1980, to 0.14 pmol/L in 1988-1991 and to O.11
pmol/L in 1991-1994 (as geometric means), most
probably because of the removal of lead from
gasoline and soldered cans (34, 35). This reduction
has also been demonstrated in Swedish children by
Stromberg et al. (36). Other environmental sources
of lead are industrial point sources, drinking water
(from lead-soldered pipes) and lead-containing
paints (17). The latter appears to constitute a
major source of lead for children in the USA, even
today (17, 35). The strong refationship between
MBPb and CBPb confirms the free passage of lead
through the placenta (37). There is no doubt that
lead is a systemic poison, even at low to moderate
blood concentrations (16. 17). The main environ-
mental concern about lead is the impact on fetal
development and neurodevelopment of the unborn
and children, based on chlinical and laboratory evi-
dence (30, 38, 39). The blood lead concentration
of medical concern (established threshold value) in
children of 0.48 umol/L is well below any action
level for adults (17).

Dependence of birth weight on maternal hlood
cadmiwm and lead concentrations

Our results confirm that BMIC is an alternative to
birth weight as an indicator of the health con-
ditions of the newborn child (40-42). It appears to
be especially useful as an index to nutritional sta-
tus of the neonate (11). Interestingly. no studies of
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BMIC and lead or cadmium exposure have been
reported.

As in our own study., a connection between
MBCd and birth weight independent of smoking
is difficult to establish (e.g., 43). By contrast,
smoking as a risk factor for low birth weight is
clearly recognized (e.g., 44). Perhaps the relatively
low smoking frequency among the Norwegian and
Russian study populations contributed to the ob-
servation that smoking only occurred as a negative
predictor in the univariate analyses (11, 13), but
was not retained as such in the multivariate models
that included essential elements (11) or toxic
metals as parameters.

Andrews et al. (9) have critically reviewed the
available epidemiologic studies on prenatal lead
exposure in relation to premature rupture of mem-
branes (PROM), preterm delivery, gestational age.
low birth weight, mean birth weight and birth
weight adjusted for gestational age. Many of the
studies reviewed were vulnerable to community-re-
lated confounding factors, such as socio-economic
status (45-47). Andrews et al. (9) conclude that:
the association between PROM and prenatal lead
exposure has not been confirmed. nor has that for
preterm delivery and gestational age; by contrast.
the data appear supportive of the hypothesis that
prenatal lead exposure adversely effects birth
weight and that this relationship may have a
threshold (e.g., 48. 49). The birth weight finding
showed some dependence on the method used in
the statistical analysis. Consideration of ges-
tational age did not clarify the relationships.
Clearly, our own results support the conclusion by
Andrews et al. (9) about the likelihood of an as-
sociation of prenatal lead exposure and reduced
birth weight. including the suggestion of a thresh-
old (see Table VI).

The subjects of the present study. like those for
whom maternal urinary nickel was examined as a
predictor of birth weight (13). constitute a restricted
subset of a larger population among whom the rel-
evance of the status of essential elements was tested
(11). In the urinary nickel and essential elements
groups, maternal urinary creatinine did not quite
reach significance as a predictor of low birth weight
in both the univariate and multivariate linear re-
gression analyses. The near significance of this par-
ameter in the multivariate model in the present sub-
set is therefore not an isolated observation. As de-
scribed earlier (1. 13). there is evidence to consider
maternal urinary creatinine as an index to subclin-
ical pre-eclamptic manifestations such as pregnancy
induced hypertension. Further, maternal age is
recognized determinant of birth weight (11). and
thus its near significance in the present study 1s con-
sistent with established lindings.

O Acta Obsier Gynecol Scand ™8 Jovy

In our studies, maternal nutritional status as a
potential confounder has been assessed through
mineral status and clinical/chemical parameters.
Their importance is illustrated by a recent study
suggesting that vitamin-mineral supplements dur-
ing pregnancy suppress MBPb (45). Most studies.
like ours, adjust for confounders through multiple
regression analysis. However, variables, which are
partly or indirectly determinants of lead exposure
themselves, should not be regarded as confounders
and need to be controlled for unequal distribution
between study populations. Alcohol consumption,
especially of wines, has been reported as a source
of lead intake and as a confounding factor in the
apparent relationship between smoking and blood
lead levels (21, 33, 50). Perhaps more importantly,
both alcohol consumption and smoking are known
negative predictor variables of birth weight (51,
52). However, our lack of information about alco-
hol consumption and years of education in the
Russian part of the material should not negate our
multivariate model, but may have weakened our
conclusion somewhat. Consequently, and contrary
to the results of our multivariate model, smoking
night still be an exogenous risk factor for low
birth weight in our subjects. Differences in smok-
ing habits between Russian and Norwegian preg-
nant women have decreased since our study was
conducted (53, 54).

Concluding remarks

Clearly. birth weight or BMIC are complex preg-
nancy outcomes. Other explanatory variables not
considered no doubt exist. One example may well
be mercury, as methyl mercury in maternal blood
has been observed to correlate inversely with birth
weight. However, the results of a restricted sam-
pling among our study population (n=60. Russia:
n=23, Norway). indicated that the observed mat-
ernal blood. total-mercury concentrations found
(2) were more than 20-fold lower than the methyl-
mercury concentrations at which adverse effects
on birth weight have been reported (55. 36).

The multivariate model presented in this paper
points out a significant negative impact of MBPb
concentrations on birth weight, even at concen-
trations regarded as safe for children. Its strong
inAuence in reducing the importance of the known
country factor in the multivariate analysis in ex-
plaining birth weight is intriguing. The observed
B-coefficient (Table VII) of —1068 g (umol/L)~! or
5 ¢ (ug/L)™" is about 7-fold larger than the re-
sponse reported by others (9, 46. 49). MBPb could
be a surrogate variable for life style factors in Rus-
sia for which we have no information. Neverthe-
less. the rough agreement and the suggestion of a



dose-response suggest that the apparent effect of
MBPb on birth weight might be real.
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ABSTRACT

As part of the Arctic Monitoring and Assessment Programme (A% AP), we
assessed pregnancy outcome among Sami and Norwegian populatians of
Finnmark County in Norway and Russians living in the Kola Peninsula of
Russia using body mass index of the newborn child (BMIC) as the main indi-
cator; concentrations of essential and toxic elements in biological Auids of
delivering women and their children served as additional sources of informa-
tion. At the hospitals of Hammerfest and Kirkenes in the period November
1993 - June 1994-a total of 107 consecutive women gave birth to a child, of
whom 15 regarded themselves as Sami. The Russian group (N=151) deliv-
ercd their children in the same period. The Sami women were significantly
older than the Russian group (28.5 versus 25.1 years, p=0.04). The mean
birth weight was significantly lower in the Sami group compared to non-Sami
Norwegians (p=0.01), but was of comparablc magnitude to that recorded in
Russia (p=0.4). For BMIC, the Sami and non-Sami Norwegian results were
similar (p=0.2); both were sigmificantly higher than in Russia (p<0.001).
The essential elements copper, zinc, sclenium and iron (as ferritin) in scrum
showed no differences between the groups, although relatively low levels of
serum zinc were documented in all populations studicd. Blood cadmium
concentrations were strongly related to smoking frequency. Blood lcad and
urinary nickel levels were significantly higher for the Russian mothers, but
did not reach levels of medical concern. Conclusion: No cthnic differences in
concentrations of essential elements in biological fluids, nor of cadmium and
mercury, were observed. However, national differcnces for lcad and nickel
were cvident. Because of small sample size, these conclusions nced confir-
mation. The similar BMIC valucs observed for the non-Sami Norwcegian and
Sami newborns, compared to the Russian group, suggest that BMIC may
serve as a good indicator of the nutritional status and possibly also the gencral
health condition of nconates. (Int | Circumpolar Health 1999; 58:4-13)
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One of the main goals of the Arctic Monitoring and Assess-
ment Programme (AMAP) was to assess the living conditions
of different indigenous groups living in arctic areas (1). Essen-
tial and toxic element status in biological fluids of pregnant
women and their children living in arctic and subarctic areas
of Norway and Russia, as well as possible effects on foetal
development by the heavy industrial pollution in the Kola
Peninsula, have been discussed by the present authors and
others in several publications (2, 3,4,5, 6,7, 8). The objective
of the study reported here was to assess pregnancy outcome
of women living in Finnmark County of Norway regarding
themselves as Sami, compared to neighbouring non-Sami
Norwegians (hereafter referred to simply as Norwegians)
and Russian delivering women. Birth weight is a commonly
used index for assessment of pregnancy outcome (9, 10).
However, body mass index of the child (BMIC) has been sug-
gested as a better parameter for evaluation of the nutritional
status of the child (11,12, 13, 14). Based on the cooperation
established in the AMAP group, the study also included as-
sessment of biological concentrations of essential and toxic
elements in blood, serum or urine collected from the deliver-
ing women and their newborn children.

MATERIAL

This study was conducted as part of the first phase of AMAP
and details on enroiment and sampling procedures are de-
scribed in the AMAP report (1) and the references cited in
(2.3.6.7.8). The Sami population of Finnmark give birth to
their children at the delivery departments of the Kirkenes and
Hammerfest hospitals. The Kirkenes delivery department re-
ceives women from the eastern part of Finnmark (total pop-
ulation 28 000), the area geographically adjacent to the Rus-
sian border.The delivery department of the Hammerfest hos-
pital receives women from the western part of Finnmark (a
total of 45 000 residents), including the main native Sami cen-
tres.

information by questionnaire, serum, whole blood, urine
and placenta specimens were collected from a total of {07
consecutive patients presenting themselves to the hospital
delivery departments, of whom |5 women regarded them-
selves as Sami. The enrolment and sampling were performed
in the period November 1993 - June 1994.The women were
asked to join the study by means of completing a consent
form.None of the delivering women refused to join the study,

S
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Table I. Population characteristics of delivering women of Finnmark County of Norway according to self-reported ethnic status,
compared to Russian delivering women from the Kola Peninsula and Arkhangelsk.

Characteristic Sami Norwegian Population  Russian Population  P-values P-values
Populauon N=81 N={5i N/S R/S
N=15 Groups Groups

Mean maternal age, years' 285 274 25.1 0r 0.04°

(SD) (5.4 (5.6) (5.8)

Range 18-38 17-40 14-44

Mean number of deliveries’ 12 1.4 1.2 04 09"

Range 0-3 0-5 0-4

Mean height of mothers (cm) 164 166 163 0.7 0.4°

Range 155-178 155-182 150-178

Mean body mass index (BMI; kg/m’)  26.3 26.1 26.9 0.2° 0.8*

Range 21.1-31.2 18.4-39.3 17.3-39.6

Pre-ecclamptic conditions™ (%): 6.7 9.9 21.2 07 0.2

Smoking habits® (%)

Non-smokers 25.0 66.3 768 0.02' <0.001'

1-10 cigarettes/day 50.0 212 20.5

> |0 cigarettes/day 250 12.5 27

Local food intake  (%): 86.7 69.1 83.4 0.2 0.8'

Based on medical records.
Based on the questionnaire.

T-test.
Chi-squared test.

~eap g

International fournal of Circumpolar Health

Pre-eclamptic conditions: hypertension, proteinuria or anemia.
Regular use of locally produced vegetables, potateos, berries and/or locally produced fish or meat.

but | | women declined to answer the question about ethnic
status. The study was approved by The Regional Ethical Com-
mittee, University of Tromss, Norway, the Norwegian Data
Inspectorate, and the Regional Health Administrations of
Murmansk and Arkhangelsk Counties.

METHODS

In an interview, local midwives or gynaecologists administered
a questionnaire to the expectant mothers to secure the fol-
lowing personal details: age, parity, height and weight of moth-
er, schooling, occupation, smoking habits, alcohol consump-
tion, medication, serious diseases before or during pregnancy
and dietary habits related to local food intake. Delivery de-
partment derived information included Naegele term, date of
delivery. length and weight of baby, weight of placenta, Apgar
score, congenital malformations, gestational age, and individu-

6
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Table Il. Comparison between selected pregnancy autcomes in Sami and Norwegian populations in Finnmark County, compared to
Russian pregnancy outcomes in the Kola Perunsula and Arkhangelsk.

Outcome’ Sami Norwegian Russian population  p-values p-values'
population population N=15) N/S R/S
N=I§ N=81 groups groups

Mean birth weight, g, 3313 3634 3186 0.0! 0.44

(SD). (478) (477) (612)

range 2735-4450 2200-4925 1400-5100

Mean length of baby, cm 49.5 50.9 51.6 0.01 0.02

(D). 2.0 (2.0 (3.4)

range 47-55 45-58 40-58

Mean body mass index of 13.5 14.0 1.9 0.2 <0.00!

children (BMIC), (SD) (1.4) (1.4) (1.7)

range 10.2-15.8 10.1-19.4 7.5-18.2

Mean placenta weight, g 623 657 585 0.5 0.4

(SD). (135) (157) (141)

range 480-900 350-1050 300-900

Mean gestational age, weeks, 39.3 40.0 387 0.02 0.2

(SD), (1.0) 0.9) (1.9

range 38-41 38-42 30-52

Mean caput

circumference, cm 344 350 35.0 0.2 0.2

(SD), (1.6) (1.5) (1.5)

range 32-37 30-38 32-38

Neonaal [ 2 2

malformations’

All information.is derived from medical records.

b. Malformations: .
Sami group: | minor heart malformation
Norwegian group: | Jimb defect, | heart malformation
Russian group: 2 minor heart malformations

c. T-test

L

al comments by the doctor or midwife. Enrolment, comple-
tion of the informed consent form and the questionnaire, and
specimen collection were done before the delivery process
started in order to minimize stress.

The sampling and analytical protocols for serum, blood
and urine are described in detail by the authors (2.3.6,7.8),
adhering to suitable quality control standards adapted by
AMAP For statistical assessment, the simple t-test was used in
the case of normally distributed data, while the Wilcoxon
signed rank test was selected for the data showing a skewed
pattern.The Mantel-Haenszel and Fischer exact tests for com-
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Table Ill. Comparison of different essential elements n maternal serum (S) of delering Sam: and Norwegian women lving in Finnmark

County of Norway and Russian mothers.

Element’ Norwegian Sami Russian p-value’ p-value’ Suggested interval by

Population Population Population N/S R/S end of pregnancy (15,
Group Group 16,17, 18)

Copper (S).

~mol/L, mean 399 372 351 03 02 18S-47 4

(SD) (89) (7.9) (6.5)

Range 223-686 27 6.53.1 18.5-57.0

N 74 5 110

Zinc (S).

umol/L, mean 70 7.5 82 03 0l 10.8.22.9

(SD) [{)) (13) (.7

Range 35-106 4.9-9.0 49-144

N 74 15 107

Selenum (S),

pmolil, mean 1.0 1.0 1.0 09 08 07-1.6

(SD) 0.2) (0.2) (0.2)

Range 0.5-1.4 0.7-1.3 06-1.6

N 74 15 108

Ferritin (S).

ug/L, mean 23.0 329 215 01 03 7-133

(SD) (22.1) (16.9) (331.8)

Range 5-157 9-167 3-245

N 78 14 150

a. The detection limits (DL) were :0.08 (Cu), 0.1 (Zn), and 0.04 (Se) pmol/L.

b. T-test

International Journal of Circumpolar Health

parison of proportions were also employed.

RESULTS

The population characteristics of the two groups are shown
in Table 1 and include those for a comparable Russian group
in the AMAP study. The latter group includes pregnant wom-
en and their neonates from the industrial cities of Nikel (23
000 inhabitants) and Monchegorsk (65 000 inhabitants) in
the Kola Peninsula and the subarctic city of Arkhangelsk (419
000 inhabitants). In the Norwegian group (N=107), [ | wom-
en (10.3 %) refused to answer the question about self-re-
ported ethnic status; 15 women (14.0 %) regarded them-
selves as Sami. The maternal characteristics were very similar
in the Norwegian and the Sami groups, with a higher smoking
frequency among the Sami group as the only significant differ-
ence (p=0.02). Compared to the Sami study group. we found
the Russian delivering women to be significantly younger. the
incidence of pre-eclamptic complications higher in Russia
(but not reaching significance. p=0.2), and the smoking fre-
quency significantly lower (p<0.001).

8
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Table IV. Comparnison of difference toxic elements in maternal whole blood (WB), cord blood (CB), maternal urine (MU), and children’s
urine (CU) of delivering Sami and Norwegian women living in Finnmark County of Norway, and comparable Russian populations living

nthe Kola Peninsula and Arkhangelsk.

Element’ Norwegian Sami Russian p-values® p-values® Suggested end of
populauon population population N/S R/S pregnancy intervals (19,
groups groups 20, 21,22, 23)
Cadmium (VWB)
nmol/L, median, range 23 1.4 22 07 08 <18 nmol/L.
N 05-223 05-128 05-35.2 non-smokers
52 10 148
Cadmium (CB)
nmol/L, median range 05 05 05 Altbelow 02
N 0.5-05 0.5-05 0.5-48 DL
59 i 98
Lead (WB)
pmol/l, median range  0.06 0.06 0.14 0.6 <0.00t <0.20 pmot/L,
N 0.02-0.15 0.03-0.10 0.04-0.65 level of medical
52 10 148 concern 0.45 pmoliL
Lead (CB)
pmol/L, median range 0.06 0.04 0.10 0.1 <0.001 Level of medical
N 0.02-0.16 0.03-0.09 0.03-0.53 concern 0.48 pmol/L
59 i 98
Mercury (VWB)
nmol/L, median range 125 110 80 03 03 <12 nmol/L
N 4.0-200 9.0-120 20-220
20 5 56
Nickel (MU)
nmol/L. median range 4 4 85 0.1 <0.001 8.5-104 rmol/L
N 482 4-78 4-2108
73 12 149
Nickel (CU),
nmol/L, median range 4 4 34 0.5 <0.00t
N 4-48 4-34 4-561
72 14 137

a. DL values were :0.02 pmol/L (Pb), | 0 nmol/L (Cd) and 8 nmol/L (Ni).Vaiues below DL defined as % DL for statistical

purposes.
b. Wilcoxon Two-Sample Test

The delivery outcomes are shown in Table Il. The Sami
neonates have significantly lower birth weight (p=0.01),
length (p=0.01), and gestational age (0.02) compared to the
Norwegian babies. BMIC is, however, very similar in the two
populations (p=0.2). Comparing the Russian and Sami groups.
BMIC is significantly lower in Russia p<0.001) and the babies
are longer at birth (p=0.02). The Russian and Sami children
have very similar birth weights (p=0.44). BMIC is also signifi-
cantly lower in the Russian group compared to the Norwe-
gian study population (p<0.001).

9
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The essential elements copper. zinc. selenium ard ferriti
show no significant differences in any of the groups (all p
vdlues >0.05. see Table .l However, the materral serum zin.
levels in the Sami Norwegian and Russian groups are low.
compared to krown reference intervals at term

The concentratcns of cadrimum. lead and mercury i
tiood and rickel in urne are shown inTable IV, with no signif
icant differences between the Sanu and Norwegian groups
There was a substantial range in the cadmium levels in all
groups. the highest vaiues clearly related to the mother's
smoking frequencv (p<0.001). The cord blood concentra-
tions of cadmium were mostly below DL.The lead concentra-
tions found were low and a strong correlation was exhibited
between maternal and cord blood concentrations (r = 0.88,p
<0.001).The maternal blood mercury concentrations were in
the expected range for moderate fish eaters in both groups
(2. 22). Urinary nickel levels were mostly at the DL for
Finnmark mothers (Sami and Norwegan). However, among
the Russian groups, blood lead levels and urinary nickel levels
were significantly higher (p<C.001 and p<0.001 respectively)

DISCUSSION

The ethnicity identification in this study is based on the self-
reported ethnic status (24). Although other indicators, includ-
ing DNA markers, have been used in other studies, all have
inherent uncertainties (24, 25, 26, 27). The outcome predic-
tors described must be interpreted with caution because of
‘the very few deliveries recorded for Samis in Finnmark Coun-
ty. Congenital malformations are alrmost impossible to assess
in the relatively small groups considered (9). Birth weight de-
pends on several factors, including genetic attributes (28, 29).
Compared tc Norwegians, the mean birth wesght 1s signifi-
cantly lower in the Sami and the Russian group. with no differ-
ence between the latter (p=0.2). In 1986, Forsdahl (30) dis-
cussed standard tables for height and weight, and found only
that W/H? and W/H * suitably defined BMI for Scandinavian
people. Relative to Sami babies, the BMIC in the Russian
group is significantly lower (p<0.001) In other studies, the
Ponderan Index and the Benn Index have been discussed as
alternative indices of the nutritional status of the newborn
child (12, 13, 14, 32). Ponderan Index and Benn Index corre-
late almost exactly to BMIC in our study (r=0.93, p<0.001.
and r=0.92, p<0.001, respectively).
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When we used BMIC as the dependent variable in a re-
gression analysis instead of birth weight, correlations with the
essential elements are generally strengthened, suggesting that
BMIC might indeed be a better indicator of the health condi-
tion of the newborn child (7). The Sami group of Finnmark
County has probably comparable social and economic condi-
tions and pregnancy care compared to the Norwegian group,
while the Russian communities generally experience poorer
social and economic environments and likely receive less ef-
fective care when pregnant.

The authors have in other papers discussed essential and
toxic elements in connection to pregnancy outcome among
arctic Norwegian and Russian populations (¢, 7, 8). Unfortu-
nately, comparable indigenous populations of northern Russia
were not possible to include at the time of sampling. The
serum concentrations of essential elements among the Sami
group identified fall into the same concentration range as the
Norwegian and Russian groups. Copper levels are shown to
increase during pregnancy (33) and selenium levels will slighty
decrease in normal pregnancies (34). Enhanced ferritin con-
centrations have been connected to hypertensive complica-
tions and premature deliveries (35); of course its deficiency
reflects poor iron status which is to be avoided in pregnant
females. Maternal zinc concentrations are shown to decrease
significantly during pregnancy (33). The authors have shown
Norwegian and Russian end of pregnancy zinc values to be
lower than observed elsewhere (36). Further studies which
are more focused on nutrition and dietary habits must obvi-
ously be initiated to find out. if this finding represents a health
problem or if it is a picture of a normal situation in arctic areas
(37, 38). Scholl et al (39) have shown that the impact of mul-
tivitamin/mineral-supplementation can be very positive for
the pregnancy outcome under depressed socioeconomic
conditions. Other than for zinc, the values observed for cop-
per. iron and selenium in serum for the Sami group are in the
normal range when taken into account the physiological
changes during pregnancy.

Cadmium in maternal blood correlated significantly with
smoking habits (r=0.34, p<0.01), independent of ethnic status
(r=-0.09.p>0.05), and the lack of correlation between mater-
nal blood cadmium and cord blood cadmium suggests a barri-
er for cadmium in the placenta (r=-0.01, p<0.05) at the low
levels observed (40, 41). Other studies indicate only a partial
placenta barrier for cadmium, depending on concentrations
(42,43).The increased smoking frequency in the Sami group
compared to the Norwegian group in our study (7, 44) con-

11

ORIGINAL RESEARCH 58/1999

v

20.

2

[
[

23.

24.

25.

26.

CaleT], Henson GL, Tremble |M, Colley NA
Birth weight for length: ponderal index, body
mass index or Benn index? Ann Hum Biol
1997, 24- 289-298.

Chard T, Soe A, Costeloe K. The rclaliunahip
at ponderal index and other measurements to
hirthweight in preterm neonates | Perinat
Med 1997, 25: t11-114.

Garn SM, Pesick SD. Comparison of the Benn
index and other body mass indices in
nutritional assessment. Am ] Clin Nutr 1982,
36: 373-575.

Minoia C, Sabbioni E, Apostoli P, Pietra R,
Pozzoli L, Gallorini M, Nicolaou G, Alesio L,
Capaodaglio E. Trace element reference values
in tissues from inhabitants of the European
Community. 1. A study of 46 clements in
urine, blood and serum of italian subjects. Sc

Total Environ 1990; 95: 89-105.

.Burtis CA, Ashwood ER (cds). Tietz Textbook

of Clinical Chemistry, 2 ed. Philadelphia:
Saunders, 1994.

- Wang W-C, Heinoncn O, Makela A-L, Makela

P, Nante V. Serum selenium, zinc and copper
in Swdish and Finnish Oricntcers. A compara-

tive study. Analyst 1995, 120: 837-840.

-Referanseomrider Januar 1995, Region-

sykchuset i Tromse, Klinisk-kjemisk avdeling.

-WHO. Environmental Health Criteria 1992;

Vol 134: Cadmium. World Health Organiza-
tion; Geneva, Switzerland.

Grandjcan P, Niclsen GD, jorgensen PJ,
Horder M. Reference intervals for trace

clements in blood: significance of risk factors.
Scand | Clin Lab Invest 1992; 52: 321.337,

.CDC 1991. Preventing Lead Poisoning in

Young Children; Centres for Disease Control,
Public Health Service, U.S. Dcpartment of
Health and Human Scrvices: Atlanta, GA.

- Brunc D, Nordberg GF, Vesterberg O,

Gerhardsson L, Wester PO. A review of
normal concentrations of mercury in human
blood. Sci Total Eaviron 1991; 100: 235-282
Templeton DM, Sunderman FW |r, Herber
RFM. Tentative reference values for nickel
conceatrations in human serum, plasma, blood
and urinc: evaluation according to the TRACY
protocol. Sci Total Environ 148: 243-51
(1994).

Chaturvedi N, McKciggc PM. Methods for
epidemiological surveys of cthnic minority
groups. | Epidemiol Community Hcalth 1994,
48: 107-111.

Ahdich L, Hahn RA. Use of the terms "racc”
“cthnicity" and “national origins": a review of
articles in the American Journal of Public
Hecalth, 1980-1989. Ethn Hcalth 1996; 1: 95
98.

Lahermo P, Sajantila A, Sistoncn P, Lukka M,
Aula P, Pcltonen L, Savontaus ML. The genetic
rclationship between the Finns and the Finnish
Saami (Lapps): analysis of nuclear DNA and
mtDNA Am ] Hum Genet 1996; 58 1309-
1322

International Journal quircumpolur Health



ORIGINAL RESEARCH 5811999

27

[
o

29

30

3

3

I~

w

3

34

3

w

36.

37.

38

39.

Laan M, Paabo S. Demaographic history and
linkage disequilibrium in human populations
Nat Genet 1997; 17: 435-438

Jarvelin MR, Elhiott P, Kleinschmidt 1,
Martuzzi M, Grund) C, Hartikainen AL,
Rantakallio P. Ecological and individual
prcdlctors of birth \\'cighl in a nurthern
Finland birth cohort 1986. Pacdiatr Perinat
Epldcmiol 1997, 11 298-312.

Colley NV, Tremble M, Henson GL, Cole 1.
Head cirumference/ abdominal circumference
ratio, ponderal index and fetal malnutrution
Should head circumference/abdominal
circumference ratio be abandoned? Br | Obstet
Gynaecol 1991, 98: 524-327.

Forsdahl A. Height-for-weight measurements
Tidsskr Nor La:gcforcn 1986; 31: 2650-2653
Raman L, Vasanthi G, Rao KV, Parvathi C,
Balakrishna N, Vasumathi N, Raval A,
Adinarayana K. Usc ol body mass index for
assessing the growth status of infants. Indian
Pediatr 1989, 26: 630-635

Fay RA, Dey PL, Saadie CM, Buhl JA, Gebski
V]. Punderal index: a better definition of the
“at risk” group with intrauterine growth
problems than birth-weight for gcanuonal age
in term infants. Aust N Z Obstct Gynaccol
1991, 31: 17-19.

Martin-Lagos F, Navarro-Alarcon M, Terres-
Martos C, Lopez-Garcia de la Serrana H,
Percz-Valeru V, Lopez-Martinez MC. Zinc and
copper concentrations in serum from Spanish
women during pregnancy. Biol Trace Elem Res
1998; 61: 61-70.

Navarro M, Lopez H, PerczV, Lopez MC.
Serum selenium levels during normal
pregnancy in healthy Spanish women. Sci Total
Environ 1996; 186: 237-242.

TamuraT, Goldenberg RL, Johnston KE,
Cliver SP, Hickey CA. Serum ferritin: a
predictor of early spontaneous preterm
delivery. Obstet Gynccol 1996, 87. 360-365.
Van Buul EJ, Steegers EA, Jongsma HW, Eskes
TK, Thomas CM, Hein PR. Haematological
and biochemical profile of uncomplicated
pregnancy in nulliparous women; a longitudi-
nal study. Neth | Med 1995, 46: 73-85,
NeggersYH, Cutter GR, Acton RT, Alvarez
JO, Bunner JL, Goldenberg RL, Go RC,
Roseman |M. A positive association between
maternal serum zinc concentration and birth
weight. Am | Clin Nutr 1990; 51 678-684.
Goldenberg RL, Tamura T, NeggersY, Copper
RL, johnston KE, DuBard MB, Hauth JC. The
cffect of zinc supplementation on pregnancy
outcome. JAMA 1995, 274: 463-468.

Scholl TO, Hediger ML, Bendich A, Schall )i,
Smith WK, Krucger PM. Use of multivitamin/
mincral prenatal supplements: influence on the
outcome of pregnancy Am | Eprdemiol 1997,
146. 134-41

Internar

forms to studies of other indigenous groups hving in the arctic
or at northern latitudes (1, 45).

The lead levels of the Sami group are indistinguishable
from the Norwegian levels (p=0.6), and reflect the low levels
shown by Grandjean et al in the Faroe Island Study (45).The
results confirm the free flow of lead through the placenta
(43) The higher concentrations shown in the parallel Norwe-
gian-Russian study are probably connected to the continuing
use of leaded gasohne in Russia (1. 46,47) However. as noted
in the AMAP Report (). blood lead concentrations of native
schoolchildren fiving in remote areas of the Kola Peninsula
(Sami and Komi) were surprisingly high, up to and exceeding
the level of medical concern for children (1,21, 48) The rea-
son for this finding still remains unresolved. and must obvious-

Iy be further explored. One possible explanation is the use of

leaded ammunition in subsistence hunting (48, 49).

Urinary nickel concentrations in the Norwegian and the
Sami group are mostly at the detection himit (DL). The signifi-
cantly higher concentrations in the Russian mothers and new-
borns independent of vicinity to nickel smelters, point out
other sources for biologically available nickel (6, 50), like diet.
nickel in mouth prosthesis or cooking utensils (51).

The mercury levels found in most of our cases fall into the
group of "moderate fish consumers”. Brune et al (22) report
ranges of <21 nmol/L for non-fish eaters, 12-36 nmol/L for
eating <2 fish meals/week,and 13-4 12 nmol/L for 2 fish meals
weekly: one fish meal corresponds to approximately 200 g
fish. We have, however, too few cases in our study to assess
the body burden of mercury in the Sami population (N=5)

CONCLUDING REMARKS

The concentrations of both toxic and essential elements in
biological fluids fall into national/geographic patterns, with no
apparent ethnic differences. The agreement between the
BMIC of the Norwegian and Sami newborns, and the signifi-
cant difference in this parameter between the Sami and Rus-
sian groups, support the notion that BMIC is a good indicator
of the nutritional status and possibly also the general health
conditon of the newborn child. Correlations to nutritional
status and environmental factors have been noted in other
studies by the authors, which also suggest that social and eco-
nomic aspects of the general society are important. Because
of the limited numbers, the resear.n described should be fol-
Jowed-up with a more comprehensive study that includes



Russian indigenous populations and which focuses on preg-
nancy care. including dietary habits and life-style issues during

pregnancy.
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ABSTRACT

Lead levels were determined in children aged 5-14 in
threz communities. two groups (N = 24 and 39) from
Apatuty, an industnal cty, a group (N = 47) from Lowvoz-
ero, an isolated Saami village, and another (N = 14)
from Krashnochelie, a remote native village witn Sami,
Komi, and Nenets populations. As in the northviestern
James Bay region of Canada, unexpectedly high blood
lead concentrations were found in the most iso'ated
community, namely Krashnochelie The median lead
concentration in Krashnochelie was significantly higher
(p < 0.01 or p < 0.02) than those for the other village
and aty. In the Krashnochele group, the lead levels
were not gender dependent. The percentage of children

with blood lead concentrations at or above the medical
concern level of 0.48 pumol/l was highest (36%) in
Krashnochelie, compared to 8% in Apatity and 6% in
Lowozero. All but two of the 124 indwviduals tested had
ferritin concentrations above that indicative of depleted
iron stores (10 pg/l for age <14 years); the median fer-
ritin values were comparable for all four communities.
Iron status differences can therefore not explain the ele-
vation of blood lead concentrations in the Krashnochelie
group. A number of explanations are provided to ac-
count for the implied differences in lead exposure in the
four study groups

INTRODUCTION

Recent publications have presented evidence for:
(1) the accumulation of lead in wildfowl skeletal
muscle as fragments or pellets (Tsuji ef al. 1999);
(2) lead pellet ingestion in First Nation Cree of
the western James Bay region of northern On-
tario, Canada (Tsuji & Nichoer 1997); and (3) fo
the elevation of lead in teeth of adults (Tsuji et al
1997) and in deciduous teeth of children (Tsuji,

Address correspondence to, Jon Owind Odland, Institute of
Community Medicine, University of Tromso, N-0037 Tromse,
Norway; E-mail joodland@ onhine no

unpublished) living in the same isolated northern
Ontario communities. Furthermore, an infant
feeding study in the same region has indicated
that cord and maternal blood lead concentrations
correlated with the consumption of a traditional
dict of gnme (fowl and mammal) (Hanning ef al.
1996, 1997). Collectively, these observations sug-
gest that wild meat can be a significant source of
lead exposure in adults and during prenatal de-
velopment. Consistent with this hypothesis is that
blood lead concentrations in native children of
the James Bay region have in the past exceeded
those in children fiving in larger northern On-

© 1999 Blackwell Science, Inc



tario urban centers (ONMHE 1989). In a more re-
cent swrvey, the blood lead levels in these native
children were somewhat lower but siill compara-
ble in magnitude to values in groups of similar
age living in southern Ontario urban centers
(OMH 1993). The general lowering of lead blood
in many countries is known to paratlel changes in
population-wide lead sources such as the removal
of alkyl-lead antiknock agents from gasoline and
lead from soldered cans (Brody et al. 1994; Pirkle
et al. 1994).

As a component of an extensive study of es-
sential and toxic elements in pregnant mothers
and their newborns in the Kola Peninsula of Rus-
sia (Odland et al. 1996, 1997), lecad concentra-
tions were also determined in the blood of chil-
dren in a few communities. This was done to
ascertain, by analogy to the Ontario Canada expe-
rience, whether Russian children living in isolated
native communities were at higher risk of lead ex-
posure than non-native children living in more
urban areas. It was hypothesized that an environ-
mental factor rather than low iron status might be
responsible for the anticipated blood lead eleva-
tion in the native communities. 1t is well known
that anemia is a risk factor for enhanced lead
absorption (Mahaffev 1990; Sargent 1994; IPCS
1995).

This stucy was approved by The Regionat Eth-
ical Committee, University of Tromso, Norway,
the Norwegian Data Inspectorate, and the Regional
Health Administration of Murmansk Counuy, as
well as the local health authorities in Apatigy and
Lowozero (including Krashnochelie) communities.

SUBJECTS

Personal contacts with colleagues in the local chil-
dren’s polyclinics were established in the towns of
Apatity, Lowozero, and Krashnochelie (Figure 1).
Apatity (70,000 inhabitants) is a significant indus-
trial centre for the mining of apatite and is part of
a mineral-based corridor between Murmansk and
Kandalaksia (see Figure 1). Lowozero (5000 in-
habitants) is located 80 km east of this industrial
corridor and most of its pecople are Sami. Krash-
nochelie (800 inhabitants) is located 130 km
east/southeast of Lowozero at the river Ponoi and
is a native village with mainly Sami, Komi, and
Nenets peoples. It has no road access. Blood sam-
ples were collected from 65 childien in Apatiy,
50 in Lowozcro, and 14 children in Krashnoche-
lie (corresponding to most of the children in the
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age group 3-8 years). Group characteristics are
provided in Table 1. There were two separate col-
lections in Apatity, one in March 1995 (Apatity 1)
and a supplemental collection in November 1995
(Apatity 2) to replace specimens lost in transit.
Samples in Lowozero and Krashnochelie were ob-
tained in April 1995.

ANALYTICAL DETAILS

Samples of antecubital vein blood were taken in
tubes (Sarstedt 02.264.020 10 ml Monovette) tested
o be free of lead (=0.02 pmol/1) after installing
a Viggo Spectramed venflon (1.4 mm, 17 Gauge L
45 mm) in the vena cubiti. Whole blood was im-
medhiately frozen at —20°C at the local hospital,
while serum was centrifuged and wansferred to
tubes (Sarstect 127-4004) for storage at —20°C.
After each field trip, samples were immediately
transported frozen 1o Norway, and kept at —70°C
until analysis. A 2.5 ml volume of subdistilled
655 nitric acid (Chemscan, Elverum, Norwav) was
added to 2 ml of whole blood in a propyvlene di-
gestion wbe. After degasification at room temper-
ature overnight, the tube was heated at 95°C for
I hour in a laboratory oven. The samples were al-
lowed to cool to room temperature before final
dilution to a previously calibrated volume (13.7
ml). Lead was measured by electrothermal atomic
absorption spectrometry (Welz ef al. 1992) using a
Perkin Elmer Model 5100 PC/HGA 600 svstem
equipped with a Zeeman-based background correc-
tion system (Bodenseewerk Perkin-Elmer GmbH,
l:‘bcrlingen, Germany). The spectrometer was cali-
brated with whole-blood matched-standard solu-
tions. The accuracy and reproducibility of the
measurements were assessed continuously by us-
ing human whole blood quality control materials
(STE 404107) obtained from Nycomed Ltd. (Oslo,
Norway). The day-to-day variation of the lead in
this quality control material was 8% at an observed
average lead concentration of 0.16 pmol/l, which
corresponds to the recommended value. The detcc-
tion limit of the method was 0.02 pmol/I of lead.
The ferritin in serum was measured by a Hitachi
917 autoanalyzer using a standard kit (Boehringer-
Mannheim, Mannheim, Germany) and a routine
analytical protocol.

For statistical analysis, the Epi Info, Version
6.04a (WHO 1996) was uscdl. All statistical calcu-
litions were automatically testect for homogencity
of variance (Shnpiro-\\'ilk's test for normaliny or
Bartlet!'s test for homogeneity of variance). Lead
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FIGURE 1. Map of the Kola Peninsula showing mejor locations and adjoining areas. With courtesy of Harvey Goodwin,

Akvaplan-Niva, Tromse, Norway.

and ferritin failed the parametric criteria and
nonparametric tests were employed. Blood lead
data for the two Apatity age groups and for the
boys and girls from Krashnochelie were com-
bined since they were not significantly different
(Kruskal-Wallis test for two groups of unequal
size, p = 0.76 and 0.95, respectively). A similar
conclusion applied to the ferritin data in both in-
stances (p = 0.14 and 0.27, respectively). Berween-
group comparisons for both parameters were ex-
amined by the Kruskal-Wallis One Way Analysis
of Variance test for two groups.

RESULTS

The observed concentrations of blood lead and
serum ferritin are summarized in Table 1; for
lead they are also depicted graphically in Figure
9. Blood lead concentrations were not signifi-
cantly different between Apatity and Lowozero
and were lower (p < 0.02) than those observed in

Krashnochelie. For the latter group, the lead lev-
els were not génder dependent (sce Table 1). Itis
evident from the graphical presentation in Figure
2 that the percentage of children with lead con-
centrations at or above the medical concern level
of 0.48 pmol/! (CDC 1991) was the highest (36%
or 3/14) in Krashnochelie, compared to 8% in
Apatity (5/63) and 6% in Lowozero (3/50).
Ferritin concentrations were in the normal
range, although in two cases they were below the
concentration indicative of depleted iron stores
(10 pg/! for age <14 years) (Borch-lohnsen 1995,
RiTo 1995). One boy in the Apatity 2 group had
ferritin at 8 pg/! and a corresponding blood lead
of 0.20 pmol/l, while for one boy in the Lowoz-
ero group it was 6 pg/1 with lead at 0.27 pmol/1.
The median ferritin value for the older bo;. in
Apatity (Group 2) was significantly lower than the
concentrations observed in Lowozero (p < 0.02; see
Table 1). There was no correlation between lead
and ferritin concentrations (r = 0.07, p > 0.05),
nor between lead and age (r= —0.12, p > 0.05).

Odland et al - Elevated Blood Lead Concentrations in Children
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TABLE 1

Lead and ferntin concentrations in blood of Russtan children

Blood Lead (pmol/l) Servm Ferritin (pg/ly

Group' (Mean age; range) Mean * SD Median Range Mean = SD Median Range

Apatity 1 0.28 = 0.22 0.212 0.11-1.42 33*10 34 - 13-59
boys, N = 39 (6.2; 5-8)

Apatity 2 0.24 £ 0.12 0.23? 0.07-0.55 28+ 13 264 8~51
boys, N = 24 (11.0; 10-12)

Lowozero 0.28 = 0.11 0.25% 0.10-0.60 38 18 33 6-105
boys, N = 47 (9.4; +-14)

Krashnochelie 0.40 £ 0.18 0.40 0.10-0.76 33=x12 33 16-56
N =14 (5.4;3-8)
boys, N =8 0.40 = 0.23 0.42 0.10-0.76 011 31 16-48
girls, N=6 0.39 * 0.12 0.37 0.25-0.54 RYZ-3 B 37 22-56

gnificanty different from Krashnachelic at p < 0.02.
Significantly different from Lowozero at p< 002

DISCUSSION

The observed lead concentrations are lower than
the values secn in the past in Europe or North
America (e.g., a geometric mean, GM, of 0.71
pmol/l for ages -3 during 1976-1980 in the
U.S., Pirkle et al. 1994), but higher than more re-
cent results (e.g., GM of 0.17 pmol/1 for ages 3-5
and of 0.12 pmol/I for ages 6-11-during 1988-
1991 in the U.S., Brody et al. 1994; and GM of
0.13 pmol/t for ages 1-5 and 0.092 pmol/I for
ages 6-11 during 1991-1994 in the U.S., CDC
1997). Interestingly, the mean lead level of 0.40
nmol/1 for the Krashnochelie children is compa-
rable to that reported recently (Factor-Litvak et al.
1998) for youngsters aged 4.5-9.5 years living in
Pristina, Kosovo, a sizeable town without apparent
inclustrial emissions of lead. As indicated earlier,
the prevalence among Krashnochelie children
with blood lead =0.48 pmol/l was 36%. This is
considerably higher than the highest prevalences
reported in the United States during the period
1988-1994, respectively, 20% for non-Hispanic
black children ages 1-5 years living in old hous-
ing, and 28% among those of the same ages from
low-income families (Brody ef al 1994; CDC
1997). Since the Krashnochelie children were
only slightly younger than those in Apatity 1 and
nearly spanned the same ages, and no detectable

Ecosyslem Health Vol. 5 No. 2

'Naalues correspond to subjects for whom both lead and fertiun concenteations were measuted.
“Significantly different from Kiashnochelie at P <001, butnot from each other.

age-cependence was observed for the blood leads
for all subjects or individual groups, we believe
that the high prevalence of elevated lead concen-
trations in Krashnochelie reflects a unique expo-
sure source. Although each community except
Apatity was only sampled once, it is unlikely that
this introduced random factors such as travel to
areas with extensive industrial lead pollution.
First because of long distances between arctic
communities, limited transport, and the timing of
the collections within the school year, nonlocal
travel was not common. Second, since the half-life
of lead in the peripheral blood compartment is
relatively long (around 1 month; Skcrf\'ing et al.
1993), the timing of sample collection is not too
critical.

The most common sources of lead exposure
experienced by U.S. children are dust and chips
derived from lead-based paint as well as soil and
dust contaminated with residual lead fallout from
vehicle exhaust (CDC 1991, 1997). In the Kola
Peninsula, as elsewhere in Russia, most people
live in similar municipality-owned apartments
built in the 1960s or later that have comparable
playground facilities. This applies to the residents
of Apatity and Lowozero, but not of Krashnoche-
lie. No differential residence-related exposure
can therefore be attributed to the children living
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FIGURE 2. Distribution of blood-lead concentrations rel-
ative to the medical level of concern of 0.48 umal/l (see
text). The study groups are: 1, Apatity 1, 2, Apatity 2, 3,
Lowozero; 4, Krashnochelie.

in Apatity and Lowozero. By contrast, the housing
in Krashnochelie consists of wooden cabin-like
structures without inside plumbing and minimal
use of interior or exterior paint,

It is unlikely that lead-based paint accounts
for the clevation of blood leads seen in this com-
munity. However, lead additives are still used in
gasoline in Russia, although it should be pointed
out that automobile ownership is low in Russia
compared to Europe or North America. Based on
the extent of urbanization and the associated in-
creased wraffic density, one would expect the
blood lead concentrations to be the highest in the
Apatity groups followed by Lowozero. As alreads
indicated, Krashnochelie is a very isolated com-
munity with no road access, and thus has very low
wraffic densiwy. It is clear from the blood lead data
in Table 1 that the predicted pattern based on au-
tomobile emissions is not observed. Further, since
serum ferritin is accepted as a suitable measure of
a person’s iron status (Borch-Iohnsen 1995), the
data in Table 1 provide good evidence that the
iron balance is normal in all three communities
as the observed concentration ranges are consis-
tent with the accepted reference interval of 7-140
ng/1 for children 6 months to 15 years of age
(Burtis & Ashwood 1996). Interestingly, the child
with the lowest ferritin concentration (6 pg/l) in
Lowozero had a moderately low lead value (0.27
pmol/1); the same was true in the Apatity 2 group
with values of 8 pg/l and 0.20 pmol/l, respec-
tively. Thus iron status is not an explanatory vari-
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able for the relativelv high lead levels in Krash-
nochelie.

As indicated in the introduction, the trend
suggested in this study that members of indige-
nous communities have higher blood lead con-
centrations than nonindigenous individuals has
been observed in northern Ontario, Canada. Very
recently, similar findings are reported for cord-
blood lead concentrations among Inuit and a
nonindigenous comparison group, as well as for
blood lead in adulis (AMAP 1998). The major
source of lead for adult Inuit living in northern
Canada or Greenland was assigned to food items
of marine origin (ringed seal, nanvhal, walrus,
and beluga). Traditional foods in which waterfowl
is a major food item have also been correlated
with lead concenurations in maternal and cord
blood (Hanning et al. 1996, 1997). Generally
speaking, lead levels in arctic fish, marine mam-
mals, and sea birds are low and differences be-
tween tissues are not apparent (AMAP 1998). Tis-
suc-bound lead is therefore likelv only a minor
dietary source. However, contamination of tissues
with lead pellets or microsize lead fragments for
animals shot using leaded-ammunition is recog-
nized, especiallv for waterfowl (Hubbard et al.
1965; Frank 1986; Scheuhammer & Norris 1995:
AMAP 1998; Tsuji et al. 1999). As alveady indi-
cated, radiographic evidence of lead shot in the
gastrointestinal wract of native people who regu-
larly eat game has confirmed ingestion. There is
also some evidence that lead in pellets and frag-
ments in meats from wildlife hanrmvested with
leaded ammunition is biologically available. Mad-
sen ¢t al. (1988) reported an increase in blood
concentrations, relative to conuols (p < 0.02), in
individuals with lead shot retained in their appen-
dix. As there are no obvious point or readily ap-
parent residence-related sources of lead in Krash-
nochelie norin Lowozero, it is tempting to assign
a substantial contribution from dietary sources in
these communities, especially lead-contaminated
wildlife meat. It is known from a questionnaire in
parallel studies (Odland et «l. 1996, 1997) that
consumption of traditional foods is higher in com-
munities with native inhabitants, presumably with a
concomitant reduction in the use of canned foods.
This applies especially to Krashnochelie. Follow-
up studies are, of course, needed to confirm this
hiypothesis.

Increased body burden of lead in children is
recognized to affect ncuropsychological func-
tions, as well as impairing auditory nerve conduc-
tion and hearing (Mushak et al 1989; Schwartz &

Elevataed Blood Lead Concentrations in Children



Otto 1991; IPCS 1995; Rice & Silbergeld 1996).
Consequently, since a significant number of the
children in this stucy exceed the level of medical
concern of 0.48 umol/l, efforts to minimize lead
intake are warranted (including education about
lead sources). Furthermore, the occurrence of
subclinical ‘effects suggests that there may be no
safe level of lead exposure for children (Todd et
al. 1996). To reduce environmental contamina-
tion and human exposure, lead shot has been
banned nationwide in some jurisdictions from
use in water fowl hunting (USFW'S 1988) and mi-
gratory bird harvesting (CWS and OFAH 1996).
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Abstract Background: The feasibility study described
herein was prompted by a reporl in 1992 of possible re-
productive and developmental health concerns among
female workers in a Russian nickel refinery. Objective:
The primary goal was to ascertain whether medical,
statistical, and occupational data bases could be ac-
cessed for information about the pregnancy histories,
occupational histories, and life-style factors of the
women affected. Methods: The project was facilitated by
construction of a registry of all births in three towns
with a nickel refinery and verification of its contents
against patients’ records obtained from hospital delivery
and gynecology departments and community polyclin-
ics. Municipal Registration Board, Regional Health
Statistics Board, and nickel company records were also
reviewed. Results: Reproductive/developmental out-
come information and workplace histories were accepl-
able. Sample-size calculations indicated thal a cohorl or
cross-sectional study would be amenable and suitable
for the detection of an excess risk for spontaneous
abortion with adequate siatistical significance and
power. Such investigations would need to be supple-
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mented by workplace environmental/biological moni-
toring assessments for evaluation of exposure to occu-
pational hazardous factors and a worker’s questionnaire
to obtain information about life-style factors. A case-
control design is recommended for the study of con-
genital defects. Conclusions: A well-designed, compre-
hensive epidemiology study is technically feasible
because of the availability of a favorable pool of study
subjects, reproductive/developmental outcome data,
information to control for major confounders, and
suitable occupational records.

Key words Russia - Epidemiology - Nickel workers -
Reproduction

Introduction

In 1992, one of the authors (V.P.T.) presented a paper at
the Fifth International Conference on Nickel Biochem-
istry, Toxicology, and Ecologic Issues that expressed
concern about reproductive and developmental health
effects in relation to occupational exposure of female
workers employed in a Russian nickel refinery (Chashs-
chin et al. 1994). Although exposures in this setting had
been linked to increases in respiratory cancers (Doll 1990;
Iniernational Agency for Research on Cancer 1990), no
human evidence had previously been reported about re-
productive health problems among female workers
(Clarkson et al. 1985; International Program on Chemi-
cal Safety 1991). Since very few women have been em-
ployed in the nickel-producing industry in the Western
world, studies of such effects have not been possible. The
initial report by Chashschin et al. (1994) outlined evi-
dence that warranted closer scrutiny and follow-up. In
this article we describe an assessment of whether a full
cpidemiology study of Russian female nickel refinery
workers is technically feasible. The main objective was to
ascertain whether medical, statistical, and occupational
data bases could be accessed for information about the
pregnancy histories and occupational exposure of the
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female workers affected. The availability of relevant life-
style factors was of special interest.

The concern

o

Human health perspective

Chashschin et al. (1994) have reported apparent in-
creases in spontaneous abortions and structural mal-
formations in newborn babies whose mothers have been
employed in the nickel refinery at Monchegorsk. The
pertinent data are reproduced in Tables 1 and 2. The
authors conclude that abortion is more common among 4
nickel-exposed workers than in a reference population
and that there is a statistically significant increase in
congenital defects in children born to these workers,
more specifically, defects of the cardiovascular and
musculoskeletal systems. Concerns about the reliability
of these findings have been expressed, which may be
itemized as follows (Nieboer et al., unpublished report):

1. The power of the Chashschin et al. (1994) study to
detect a 2-fold increase in the rate of spontaneous

5.

abortions and related pregnancy complications ap-
pears adequate but is not satisfactory for the appar-
ent 3-fold increase in structural malformations; this
does not necessarily preclude a positive finding.

. More information is needed about the selection of

reference populations to assure the absence of selec-
tion bias.

. Confounding factors need to be controlled for, such

as smoking, age, socioeconomic status, ethnicity, or
other occupational factors, alcoho! and drug use
during pregnancy, medical history, pregnancy com-
plication, and paternal factors (e.g., age and occu-
pation).

. The characterization of exposure is inadequately

documented.

Finally, the classification or terms describing some of
the medical outcomes do not appear to conform to
international conventions. Nevertheless, Nieboer
et al. (unpublished report) conclude that since car-
diovascular and musculoskeletal defects are possibly
due to a common mechanism, their apparent en-
hancement together with the absence of previous
epidemiology data on the reproductive effects of

Table I Pregnancy complica-

tions among Monchegorsk Pathology® ICD-9 code® Nickel refinery Non-nickel |
nickel electrorefinery workers workers (n = 290)° controls (n = 386)
o, 3 3
(% of pregnancies recorded) Normal course of pregnancy 650 29.0 38.8

Threatened abortion 640 17.2¢ 7.6

Spontaneous abortion 634 15.9* 8.5

Gestational toxicosis (early) 642.4 129 13.5

Gestational toxicosis (late) 642.5 328 27.2

Pregnancy-induced 642.0-642.3 6.0 8.2

hypertension
Anemia 648.2 1.2 12.9
Other complications - 29.7 20.6

*P < 005

® Adapted from Chashschin et al. (1994)
®Based on medical records (Murmansk Region Health Statistics Board and hospital delivery de-
partment records), using the International Classification of Diseases, 9th revision. A questionnaire was

also administered

©Selected from current employees in 1987; the total number of female workers employed in the nickel

electrorefinery was 787

4 Workers employed by the Kola Construction Company in Monchegorsk; the total number of females
employed at the time of 