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Abstract 
Depleted uranium (DU) is a toxic and radioactive compound mainly containing U-238, and a rest 
product in the enrichment of U-235. DU is used in armour piercing munitions because of its density 
and penetrative power.  Studies on animal models and on cell cultures have provided evidence that 
DU may have detrimental biological effects. Epidemiological studies, mainly from Fallujah and Basrah 
in Iraq have demonstrated increase in still births, congenital malformations and cancer, which may be 
due to DU exposure. 
 
The aim of this proposed research is to delineate the effect of exposure to DU on health of refugees 
and other immigrants from potentially exposed areas on outcomes including incidence of cancers, 
renal insufficency, abortion, still birth, malformations, and mortality. The reasons are associations from 
animal models and earlier studies and insufficient evidence from previous studies.  
 
Access to high-standard national health registers plus high numbers of long-stayed  immigrants from 
Iraq (especially) and other countries makes Sweden uniquely suitable for studies on health outcomes 
related to potential exposure to DU.  
 
The population includes immigrants from countries with possible DU exposure. In year 2003 there 
were 67 000 people in Sweden who were born in Iraq, 53 000 born in Iran, 7 000 born in Afghanistan, 
54 000 born in Bosnia-Herzegovina. The corresponding numbers in 2009 were 108 000 (Iraq), 60 000 
(Iran), 13 000 (Afghanistan), 56 000 (Bosnia-Herzegovina). 
 
We will form different retrospective cohorts by linkages of data from Swedish Board of Migration and 
with Swedish national registers, through the personal identity number, which then will be replaced with 
a serial number (de-identification). These registers include: 
Swedish Board of Migration’s register: These include e.g. sex, year of birth, native tongue, time for 
application, home address / city in the country of origin, citizenship, decisions on visas, residence 
permits;  
The total Population Register;  
The Cancer Register;   
The Cause of Death Register;  
The National In-patient Registry  
The Medical Birth Register with information on e.g. live birth, stillbirth and congenital malformations. 
The Birth Defects Registry.  
  
We will calculate incidence rate ratios with 95% confidence intervals using Poisson regression models, 
with adjustment for age and calendar period of follow-up. The multiplicative Poisson regression 
models are fitted as a log-linear regression with an offset equal to the natural logarithm of person-time. 
The exponents of coefficients are then equal to the incidence rate ratio (relative risk), providing values 
relative to covariates for the whole population. 
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Introduction: 
Depleted Uranium (DU) is a cheap nuclear waste. U-235 is of three uranium isotope and the 
fissionable central component in nuclear weapons and nuclear power. In the necessary enrichment 
process of U-235, the rest is called depleted uranium (DU) (utarmat och upparbetat uran in Swedish), 
containing mainly U-238, but also small amounts of plutonium, U-234, U-235 (1). DU itself is a 
chemically toxic and radioactive compound, which is used in armour piercing munitions because it is 
1.7 times denser than lead, giving DU weapons increased penetrative power. The toxic and 
radioactive dust produced when DU munitions burn with many thousand degrees is composed of one 
insoluble and one sparingly soluble oxide. The particle sizes include sub-micron particles, readily 
inhaled into and retained by the lungs and deposited in the lymph nodes, bones, brain and testes. 
Hard targets hit by DU penetrators are surrounded by this dust, which can travel many kilometres 
when re-suspended, as is likely in arid climates and can then be inhaled or ingested by people. The 
chief radiological hazard from U-238 is alpha radiation (1-3). When U238 decays into its daughter 
products, both beta and gamma radiation are released, increasing the radiation burden further. Fairlie, 
expert in several UK commissions and in the EU Parliament, maintains that DU has 75 % of the 
radioactivity of natural uranium (1).  
In one day, one microgram of pure DU can release 107,000 alpha particles, each charged with over 
four million electron volts of energy, which goes into surrounding organ or tissue. It only requires 6 to 
10 electron volts to break a DNA strand in a cell and these emissions cover a sphere with a radius of 
between 7 and 20 cells. DU can be seen as a toxic metal, as genotoxic (carcinogenic and mutagenic) 
from its chemical properties and radiation, and as an endocrinic disruptor (1-3). Animal experimental 
research indicates that DU is both carcinogenic and mutagenic (1-5). DU munitions were first used in 
the first Persian Gulf War 1991 (286 tons), in Bosnia (1995) and Kosovo (1999) (11 tons) and is used 
in Iraq since 2003 and maybe in Afghanistan according to several sources (1,). The amounts used in 
Iraq is unknown, as only UK has admitted its use, but is up to 2,000 tons in over 300 sites according to 
one source (6), but also smaller amounts are reported (1).   
There are reports from the Balkans that the Gulf War syndrome maybe was partly caused by DU, as 
also some uncommon malformations (13), but the most recent reports  come from Iraq. There was an 
increase in hospital-registered childhood leukemia from 2.6 to 6.9 cases per 100,000 in 1993-2006, 
trendtest p=0.03  in Basrah, Iraq where also an increase of malformations was reported earlier 
(7,8,13,14). Busby et al (2010) reported a large increase in cancer, infant mortality and birth sex-ratio 
(indicating radiation damage at the X-chromosme) in a survey from Fallujah, Iraq (9,10). The relative 
risk was 4.2 for cancer, 12.6 for childhood cancer, with especially high rates for leukemia, lymphoma, 
breast cancer in women and brain tumour. A case report about birth defects in Fallujah has just been 
published (11). The authors discuss limitations of their study, like health-related migration, non-ideal 
comparison group, absense of radions measurement. Busby et al. means that a rapid increase in 
cancer is compatible with the multi-stage theory of cancer (12). Both Hagopian et al (7) and Busby et 
al (9) maintain that DU can be the causal exposure, but also discuss other explanations. Recently, 
Alani et al have proposed (15) that health effects in Fallujah may be due to use of enriched uranium, 
not of DU, in conventional weapons. 
 
Rationals of the study 
Access to high-standard national health registers plus high numbers of long-stayed immigrants from 
Iraq (especially), Afghanistan, Bosnia-Herzegovina, and Iran makes Sweden uniquely suitable for 
studies on health outcomes related to potential exposure to DU. This research can overcome 
problems of sample size or statistical power in previous studies, and can study of higher verified 
quality than in other studies. 
Aims: 
To delineate the effect of exposure to DU on health of immigrants from potentially exposed areas. We 
will study different outcomes including incidence of all cancers, leukemia, lung cancer, lymphoma, 
breast cancer, renal insufficency, respiratory disease, neurologic and neurocognitive outcomes and 
reproductive and developmental outcomes, abortion, still birth, malformations and mortality. The 
reasons for selection of these outcomes are; first, toxicologic studies in animals have shown an 
association between DU and these outcomes in animal models; second, previous studies provided 
inadequate/insufficient evidence to determine whether an association exists in human; and third, a 
committee of US epidemiologist have been judged these outcomes should be given high priority for 
further study (13).     
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Research group:  
The research group at KI has expertise in radiation biology (prof. Anders Brahme), immigration and 
health (ass prof. Solvig Ekblad), epidemiology and health (prof. Anders Romelsjö, principal 
investigator) and in cancer epidemiology and immigration (dr. Omid Beiki). Dr Beiki is competent to 
conduct the statistical analyses, as part of his general research competence. Collaboration has been 
established last year with senoir adviser Christer Zettergren, Migrationsverket and will be established 
with scientists in other countries.  
 
Methods: 
Study population: 
The population includes immigrants from countries with possible DU exposure. In year 2003 there 
were 67 000 people in Sweden who were born in Iraq, 53 000 born in Iran, 7 000 born in Afghanistan, 
54 000 born in Bosnia-Herzegovina, while the correspoing numbers in year 2009 were 108 000 (Iraq), 
60 000 (Iran), 13 000 (Afghanistan), 56 000 (Bosnia-Herzegovina). We added immigrants from Iran as 
there were some reports of wind from places of exposed to DU in Iraq during Persian golf war toward 
places in vicinty in Iran.  
 
Study design: 
Sweden is one of the unique places in the world that because of its national registers retrospective 
cohort studies are a possible approach. We will follow each individual of study population from the 
birth date, immigration date or start date of follow-up whichever occurs last until the occurance date of 
outcome of interest, death date, emmigration date or end of follow-up whichever occurs first. We will 
consider a person exposed if that person lived in the place of residence in country of origin at or after 
using DU mulitions during conflicts. Prior potential DU exposure would be assessed through availabe 
reports from different sources. No more detailed exposure measure has been available in other 
studies. As for comparison, we will consider Swedish-born people as comparison group. However, we 
will also consider as another comparison group from those migrants from same country but from un-
exposed area (e.g. Iraqi exposed vs Iraqi unexposed). We will also consider a comparison of 
incidence of outcome of interest among those migrated after the war with that among those migrated 
before war from the same area in country of origin, if applicable.    
 
Materials: 
We will form different retrospective cohorts by linkages of data from Migrationsverket with different 
Swedish national registers through the personal identity number, which then will be replaced with a 
serial number (de-identification). We will use the following registers to extract variables of interest. 
 
Migrationsverket: These data include sex, year of birth, native tongue, personal identification number, 
time for application, home address / city in the country of origin, marital status, citizenship, decisions 
on visas, residence permits.

 

Total Population Register (TPR) 
Statistics Sweden's Total Population Register established in 1968 contains information on the 
population and population changes and should reflect the content of the population registration. The 
TPR also includes information about address, country of birth, citizenship, spouse, children, parents, 
guardian(s) and adoption, population registration circumstances (county, municipality and parish, plus 
property designation), immigration to and emigration from Sweden, address abroad and death and 
place of burial.  
The Swedish Cancer Register covers total population in Sweden. It is compulsory for every health 
care provider to report newly detected cancer cases as well as cases diagnosed at autopsy to the 
registry. After verification of the material, it is included the Cancer Registry. The information includes  
medical data, and also histological type, stage (since 2004), basis and date of diagnosis, reporting 
hospital and department, tissue specimen and follow-up data, including date and cause of death, as 
well as date of migration.  
The Cause of Death Register includes detailed information about all deaths, including deaths of 
persons registered in Sweden but occurring outside Sweden. 
The National In-patient Registry from 1987 includes all in-patient care in Sweden. The register 
contains, from 2001, also outpatient visits including e.g daysurgery and psychiatric care from both 
private and public caregivers. Primary care is not yet covered.  
The Swedish Medical Birth Register was established in 1973 and includes information on ante- and 
perinatal factors, and their importance for the health of the infant. Live birth, stillbirth and congenital 
malformations can be extracted from this register. 
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The Swedish Birth Defects Registry is based on compulsory reporting of infants with birth and 
chromosomal defects, often with relatively severe malformations.  It has information about live birth, 
including still-births after the 22nd pregnancy week.   
The Multi-generation Register  has been created focusing on the child-parent (biological and adoptive) 
relationship. The register, which contains all persons born since 1932, makes it possible to study 
biological relationships, which for example is of great interest for medical research (21). When data on 
country of birth is missing in the TPR, this information is taken from the Multi-Generation Register. 
The National Population and Housing Censuses and The Longitudinal Integration Database for Health 
Insurance and Labor Market (LISA) include several demographic, and socioeconomic factors and will 
be used for completeness of follow-up time. 
 
Statistical analyses:  
We will calculate incidence rate ratios (IRRs) with 95% confidence intervals (CIs) using Poisson 
regression models. All analyses will be adjusted for age at follow-up and calendar period of follow-up. 
In Poisson regression models, the outcome variable is assumed to come from a Poisson distribution, a 
distribution of the number of events in a fixed time interval, if the events occur randomly at a constant 
rate. The multiplicative Poisson regression models are fitted as a log-linear regression with an offset 
equal to the natural logarithm of person-time. With this multiplicative model, the exponents of 
coefficients are equal to the incidence rate ratio (relative risk). These baseline relative risks give 
values relative to covariates for the whole population. 
 
Ethical considerations: 
To comply with current legislation, after the linkage has been completed at the central agencies, the 
national registration number of each person is replaced by a random number. This number is still 
unique to each person and can thus be used to match information from different registers, but ensures 
that the true identity of each person is no longer known. To apply for informed consent in this kind of 
research is not possible, would be ethically questionable and would invalidate the whole research. 
 
Timeline:  
This is planned as a two-year project. Linkage of data will be completed during Q2 2012. There are 
comprehensive data analyses to be undertaken, and reported in scientific journals. 
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