Thimerosal and the Occurrence of Autism: Negative Ecological Evidence
From Danish Population-Based Data
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ABSTRACT. Objective. It has been suggested that
thimerosal, a mercury-containing preservative in vac-
cines, is a risk factor for the development of autism. We
examined whether discontinuing the use of thimerosal-
containing vaccines in Denmark led to a decrease in the
incidence of autism.

Design. Analysis of data from the Danish Psychiatric
Central Research Register recording all psychiatric ad-
missions since 1971, and all outpatient contacts in psy-
chiatric departments in Denmark since 1995.

Patients. All children between 2 and 10 years old
who were diagnosed with autism during the period from
1971-2000.

Outcome Measures. Annual and age-specific inci-
dence for first day of first recorded admission with a
diagnosis of autism in children between 2 and 10 years
old.

Results. A total of 956 children with a male-to-female
ratio of 3.5:1 had been diagnosed with autism during the
increase in the incidence of autism during that period
when thimerosal was used in Denmark, up through 1990.
From 1991 until 2000 the incidence increased and contin-
ued to rise after the removal of thimerosal from vaccines,
including increases among children born after the dis-
continuation of thimerosal.

Conclusions, The discontinuation of thimerosal-con-
taining vaccines in Denmiark in11992 was followed by an
increase:-in-the-incidence-of autism. Our ecological data
do not support a correlation between thimerosal-contain-
ing vaccines and the incidence of autism. Pediatrics 2003;
112:604-606; autism, vaccine, thimerosal, mercury, popu-
lation, epidemiology.

TATIONS. ICD-8, International Classification of Diseases,
w0y ICD-10, International Classification of Diseases, 10th
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here has been concern that there may be an

association between thimerosal, a vaccine pre-

servative that contains ethyl mercury, and neu-
rodevelopmental outcomes, including autism.!?
Findings in the field of methyl mercury have been
used to suggest causality. Prenatal exposure to low
doses of methyl mercury has been associated with
subtle neurodevelopmental abnormalities in some
studies,®* and symptoms of autism and methyl mer-
cury intoxication have been claimed to be similar.!
More research has been requested,® and a recent
study of the concentrations of mercury after expo-
sure to thimerosal-containing vaccines concluded
that thimerosal poses very little risk to full-term in-
fants.® In Denmark, thimerosal was used in child-
hood vaccines from the early 1950s until 1992. The
objective of our study was to assess the incidence
rates of autism among children between 2 and 10
years old before and after removal of thimerosal
from vaccines to see if the discontinuation led to a
decrease in the incidence of autism.

PARTICIPANTS AND METHODS

For this study, the period of use of thimerosal vaccines was
limited to 1961 until its discontinuation in March 1992 because
information about the diagnosis of autism has only been obtain-
able from a nationwide computerized registration system, the™
Danish Psychiatric Central Research Register,” since 1969 and only
children born in 1961 or later were at risk of developing autism
before 10 years of age. Thimerosal was used during 1961-1970 in
the diphtheria-tetanus-pertussis vaccines given in 4 doses when
the child was 5, 6, 7, and 15 months old, and during 1970-1992 in
the whole-cell pertussis vaccines given in 3 doses when the child
was 5 weeks, 9 weeks, and 10 months old. The concentrations used
in the vaccines from 1961-1970 and from 1970-1992 were 0.01% =
0.1 mg thimerosal, which equals 50 ug ethyl mercury per mL
vaccine. The amount of vaccine given was 1 mL, except for the first
dose of monocomponent pertussis vaccine where it was only 0.3
mL from 1970-1992. This means that children who followed the
full vaccination program during the period 1961-1970 had re-
ceived a total of 400 pg of thimerosal or 200 ug of ethyl mercury
by the age of 15 months and during the period 1970-1992 they had
received a total of 250 pg of thimerosal or 125 g of ethyl mercury
at 10 months of age. In March 1992 the last batch of thimerosal-
containing vaccine was released and distributed from Statens
Serum Institut in Denmark. All vaccinations were given free of
charge and acceptance of vaccinations in Denmark has alwavs
been very high; from 1979 onward data on vaccination coverage
was available and coverage rates of >90% were found (informa-
tion was obtained from the State Serum Institute). Whether the
toxicity of methyl mercury and ethyl mercury is the same remains
controversial®® but the recommended safe intake level of methyl
mercury is estimated to be 0.1 ug/kg body weight/day by the US
Environmental Protection Agency.’® However, other federal reg-
ulatory agencies have recommended slightly higher levels.



Psychiatric inpatient treatment in Denmark has been reported
to the Danish Psychiatric Central Research Register since 1969,
and since 1995 outpatient activities were registered as well, pro-
viding the opportunity to examine long-term trends of the occur-
rence of autism in a total national population. In Denmark, inpa-
tients refer both to children who stay at the hospital overnight and
to children who come to the hospital on a daily basis for evalua-
tion and treatment. The proportion of outpatient to inpatient
activities was about 4 to 6 times as many outpatients as inpatients
with variations across time and age bands. We obtained informa-
tion on all children who from the second birthday up to, but not
including the 10th birthday were diagnosed with autism in the
period from January 1, 1971 to December 31, 2000 in the Danish
Psychiatric Central Research Register during which period the
register is assumed to be complete. The diagnosis of autism in
children <72 years of age was considered uncertain. All individuals
in Denmark are assigned a unique personal identification num-
ber!! which is used in all national registers. Admissions to psy-
chiatric hospitals in Denmark are coded using this CPR-number,
which eliminates the risk of double-counting of cases. The date of
onset was defined as the first day of the first admission leading to
a diagnosis of psychosis proto-infantilis (International Classification
of Diseases, Eighth Revision [ICD-8]: 299.00) or psychosis infantilis
posterior (ICD-8: 299.01) or from 1994 onward, infantile autism
(International Classification of Diseases, 10th Revision [ICD-10]: F84.0)
or atypical autism (ICD-10: F84.1).1213

Statistics’

Incidence rates were calculated for each year 1971-2000 using
the age and gender specific number of persons in Denmark as a
" denominator. For each year and age band, we calculated the
incidence as the number of people who at that age band and year
was diagnosed with autism for the first time divided by the total
number of people alive and living in Denmark at that age band
and vear.

RESULTS

A total of 956 children with a male to female ratio
of 3.3:1 had been diagnosed with autism during the
period 1971-2000. Figure 1 shows the incidence rates
according to calendar year and age band. The inci-
dence was stable until 1990 and thereafter it in-
creased in all age groups until 1999. Generally, rates
were lower in 2000 than in 1999. Further subdivision
=v zender had no impact on these results (data not
smown). In additional analyses we examined data
using inpatients only. This was done to elucidate the
con‘ribution of the outpatient registration to the
change in incidence. The same trend with an increase
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Fig 1. Incidence of autism by age and calendar year. The asterisk
(*) indicates removal of thimerosal-containing vaccines in 1992.

in the incidence rates from 1990 until the end of the
study period was seen (data not shown).

There was no trend toward an increase in the
incidence of autism during the period when thimer-
osal was used up to 1990. The incidence of autism
began to increase in 1991, but continued to rise after
the discontinuation of thimerosal (Fig 1), including
increases among children born after 1992 (ie, the
peak autism incidence in 1999 among children aged
2 to 4 and 5 to 6 years of age corresponds to children
born in 1993-1997 after the introduction of thimero-
sal-free vaccines).

DISCUSSION

This study investigated if the discontinuation of
thimerosal-containing vaccines paralleled a decrease
in the occurrence of autism. The incidence of autism
remained fairly constant during the period of use of
thimerosal in Denmark, and the rise in incidence
beginning in 1991 continued even in the group of
children born after the discontinuation of thimerosal.
The amount of thimerosal used in vaccines changed
during the study period with less amount of thimer-
osal administered in the period 1970-1992. More-
over, the thimerosal-containing vaccine was gradu-
ally phased out meaning that the incidence rates
should decline gradually if thimerosal has any im-
pact on the development of autism. However, an
increase (rather than a decrease) in the incidence
rates of autism was observed.

Only very few incidence studies of autism have
been made, and we found similar incidence rates and
the same trend of increasing rates of autism in our
study compared with studies conducted in other
countries.’#1> The increase in the incidence of autism
from 1990 on may be attributable to more attention
being drawn to the syndrome of autism and to a
change in the diagnostic criteria from the ICD-8 to
the ICD-10 in 1994. Also, outpatient activities were
included in the Danish Psychiatric Central Research
Register in 1995 and because many patients with
autism in former years have been treated as outpa-
tients this may exaggerate the incidence rates, simply
because a number of patients attending the child
psychiatric treatment system before 1995 were re-
corded for the first time, and thereby counted as new
cases in the incidence rates.

CONCLUSIONS

The discontinuation of thimerosal-containing vac-
cines in Denmark in 1992 was followed by an in-
crease in the incidence of autism. Our ecological data
do not support correlation between thimerosal-con-
taining vaccines and the incidence of autism. Our
data cannot, of course, exclude the possibility that
thimerosal at doses larger than used in Denmark
may lead to neurodevelopmental damage.

ACKNOWLEDGMENTS

The activities of the Danish Epidemiology Science Centre and
the National Centre for Register-Based Research are funded by a
grant from the Danish National Research Foundation. This study
was supported by the Stanley Medical Research Institute. No
funding sources were involved in the study design.

ARTICLES 605



We thank Coleen Boyle, Diana Schendel, and Jose F. Cordero

for comments and advice during preparation of the manuscript.

REFERENCES

. Bernard S, Enayati A, Redwood L, Roger H, Binstock T. Autism: a novel
form of mercury poisoning. Med Hypotheses. 2001;56:462-471

. Nelson KB, Bauman ML. Thimerosal and autism {commentary]? Pedi-
atrics. 2003;111:674-679

. Marsh DO, Clarkson TW, Cox C, Myers GJ, Amin-Zaki L, Al Tikriti S.
Fetal methylmercury poisoning. Relationship between concentration in
single strands of maternal hair and child effects. Arch Neurol. 1987;44:
1017-1022

. Cox C, Clarkson TW, Marsh DO, Amin-Zaki L, Tikriti 5, Myers GG.
Dose-response analysis of infants prenatally exposed to methyl
mercury: an application of a single compartment model to single-strand
hair analysis. Environ Res. 1989,49:318-332

. Institute of Medicine. Immunization Safety Review: Thimerosal-Containing
Vaccines and Neurodevelopmental Disorders. Washington, DC: National
Academy Press; 2001

. Pichichero ME, Cernichiari E, Lopreiato J, Treanor J. Mercury concen-
trations and metabolism in infants receiving vaccines containing
thiomersal: a descriptive study. Lancet. 2002;360:1737-1741

. Munk-Jergensen P, Mortensen PB. The Danish Psychiatric Central Reg-
ister. Dan Med Bull. 1997;44:82-84

10.

11

12.

13.

14.

15.

. Ball LK,

AL R, Pratt RD. An assessmen: »f thimerosal use in ¢ivildhood
vaccines [review article]. Pediatrics. 2001;107:1147-1154

. Clarkson TW. The three modern faces of mercury. Environ Health Per-

spect. 2002;110(suppl 1):11-23

Environmental Protection Agency. Mercury Study Report to Congress:
Volume 1, Executive Summary. Washington, DA: Environmental Protec-
tion Agency; 1997. Publ. No. EPA 452 /R-97-003

Malig C. The Civil Registration System in Denmark. IIVRS Technical Paper
No. 66. Bethesda, MD: International Institute for Vital Registration and
Statistics; 1996

World Health Organization. Manual of the International Classification of
Diseases, Eighth Revision (ICD-8). Geneva, Switzerland: World Health
Organization; 1967

World Health Organization. The International Classification of Diseases,
10th Revision (ICD-10) Classification of Mental and Behavioral Disorders:
Diagnostic Criteria for Research. Geneva, Switzerland: World Health
Organization; 1993

Powell JE, Edwards A, Edwards M, Pandit BS, Sungum-Paliwal SR,
Whitehouse W. Changes in the incidence of childhood autism and other
autistic spectrum disorders in preschool children from two areas of the
West Midlands, UK. Dev Med Child Neurol. 2000;42:624-628

Kaye JA, Mar Melero-Montes M, Jick H. Mumps, measles, and rubella
vaccine and the incidence of autism recorded by general practitioners:
a time trend analysis. BMJ. 2001;322:460—-463



