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Abstract

D

iseases linked in part or whole to
environmental exposures make an
important and insufficiently recognized contribution to total pediatric
health care, education, and other costs to
Michigan. Using methodology previously
published by Landrigan et al. (2002),1 we
estimated the costs of four categories of
pediatric illness in Michigan that may
be partially attributable to chemical pollutants in the environment by applying
an environmentally attributable fraction
(EAF) model. We found that the best
conservative estimate of the annual environmentally attributable costs of lead
poisoning, childhood asthma, pediatric
cancer, and selected neurodevelopmental
disorders in children in Michigan is $5.8
billion (range: $3.65 to $6.68 billion).
These costs include both direct and indirect costs wherever possible. Direct costs
include such things as prescriptions and
hospitalization costs. Indirect costs can
include loss of parental wages due to their
children’s missed schooldays and loss of
lifetime earnings due to the premature
death of the children. Annual cost estimates for the four specific diseases are
estimated as follows:

o Lead Poisoning: $4.85 billion
(range: $3.2 to $4.85 billion)
o Childhood Asthma: $88.4 million
(range: $29.5 to $103.2 million)
o Pediatric Cancer: $17.3 million
(range: $6.9 to $34.6 million)
o Neurodevelopmental Disorders:
$845 million
(range: $423 million to $1.69 billion)
These cost estimates are conservative,
and rely on Michigan-specific data whenever possible.
To put these costs in context, these four
environmentally attributable childhood
diseases and disorders cost Michigan the
equivalent about 1.5% of its Gross Domestic
Product every year.2 It is important to note
that these economic costs represent childhood illnesses and loss of earning potential
that could be avoided should the environmental exposures be eliminated. The findings of this study demonstrate that reducing
environmental exposures to toxic chemicals
in children is not only ethical, but also potentially economically advantageous.
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Introduction

E

very day, children in Michigan are
exposed to a wide array of toxic chemicals. At the same time, the burden of
childhood diseases is increasing, with rates
of asthma, neurodevelopmental disorders,
and some cancers on the rise. Researchers
are just beginning to explore the extent to
which environmental pollutants may be
contributing to these changing patterns
in pediatric illnesses. Given that environmental epidemiologists have much still to
learn, determining the extent of environmentally-attributable costs associated with
these diseases presents challenges. Several
studies have calculated costs associated
with lead poisoning, pediatric asthma,
learning disabilities, and developmental
disorders in the United States.3,4,5,6,7,8,9,10,11
However, no known studies have attempted
to estimate these costs for the State of
Michigan. Estimating the economic costs
of environmentally-related diseases in
children is critical for directing resources

toward appropriate prevention efforts. By
preventing environmental exposure to
toxicants, the disease burden in children
will be reduced, and ultimately, millions of
dollars in the state could be saved.
To investigate the environmentally-attributable costs of certain pediatric diseases
in the state, we selected lead poisoning,
pediatric asthma, select childhood cancers,
and a subset of neurodevelopmental disorders (cognitive impairment,a autism, and
cerebral palsy) because these conditions
are serious, relatively common, and likely
related at least in part to chemical pollutants in the environment. Outcomes linked
strongly to personal or familial choice
(e.g., tobacco, alcohol, or drug use) were
excluded from the analyses. Therefore,
the selected diseases are at least partly preventable through public health efforts and
exposure minimization strategies. This
report explores the potential economic
benefits for such prevention measures.

a. The term cognitive impairment includes what used to be called mental retardation. People who were previously
considered to be mentally retarded are now considered severely cognitively impaired. Mental retardation was the
terminology used in the Landrigan report.
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Methodology

T

he methodology used throughout
this report was developed at the Mt.
Sinai School of Medicine and is based
primarily on methodology published by
Landrigan et al. (See appendix for summaries of the Landrigan methodology).12
This methodology has been the basis of a
number of similar state reports, including
from Washington State,13 Maine,14 and
Minnesota.15 As with the Landrigan et al.
manuscript, we used an environmentally
attributable fraction (EAF) model to estimate the environmentally attributable cost
of lead poisoning, asthma, cancers, and
neurodevelopmental diseases in American
children. This model has been used previously by the Institute of Medicine as well
as by Landrigan and colleagues.16 The
EAF has been defined as “the percentage
of a particular disease category that would
be eliminated if environmental risk factors were reduced to their lowest feasible
levels.”17 The general model used by Landrigan and colleagues is the following:
Costs = Disease rate x EAF x
Population size x Cost per case

In this equation, EAF represents the
environmentally attributable fraction.
Expert review panels of prominent scientists and physicians were selected and
assembled by Landrigan and colleagues.
These panels determined EAFs to be 100%
for lead poisoning, 30% for asthma (range
10-35%), 5% for cancer (range 2-10%),
and 10% for neurodevelopmental diseases
(range 5-20%). The terms “disease rate”
and “population size” refer, respectively,
to either the incidence or prevalence of a
disease and the size of the population at
risk. For prevalence and incidence data,
we used Michigan data when available.
Much of this data comes from the Michigan Department of Community Health.
When not available, we applied national
data from the U.S. Environmental Protection Agency, Centers for Disease Control
and Prevention, as well as from the peerreviewed literature. Population sizes were
determined from the U.S. Census. We used
2009 as the baseline year for the study.
Limitations: To the extent possible,
direct and indirect costs were considered in
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this analysis. There are many limitations
associated with estimating direct costs,
including significant data gaps. Calculating indirect costs increases those limitations and adds the additional difficulty of
calculating things that may not be easily
quantifiable, such as loss of life and emotional burdens. Therefore, we considered
only a small subset set of indirect costs,
including loss of earnings potential over
a lifetime as a result of premature death,
or lost workdays for parents with sick
children.
In addition to the limitations above, cost
estimates inevitably require a number of
assumptions. For instance, loss of lifetime
earnings assumes that had a child not
died prematurely, that child would live in
Michigan through his or her life span. In
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fact, we know that many young adults move
out of the state. Additionally, although national data is used where state-specific data
was not available, we know that Michigan
is not identical to country-wide averages
in some respects, so this can introduce
inaccuracies into the estimates. These are
examples of some of the assumptions and
simplifications required to do this sort of
analysis.
It is important to note that these
childhood illnesses have more than just
economic consequences. Lead poisoning,
asthma, cancer, and neurodevelopmental disorders carry with them social and
emotional burdens on children and their
families that cannot be calculated. This
analysis does not attempt to calculate those
considerable burdens.

Costs of Childhood Lead Exposure

L

ead is one of the most commonly
studied neurotoxicants in the world.
Childhood lead exposure has long
been linked to developmental and neurological consequences. Exposure to lead in
young children has been associated with a
decrease in IQ and behavioral problems,
but lead exposure can also affect nearly
every system in the body. To determine the
environmentally attributable costs associated with the lead burden in Michigan, we
undertook the following analysis.

Calculating the Costs of
Childhood Lead Exposure:
Michigan Estimate
Environmentally Attributable Fraction
EAF: In their 2002 paper, Landrigan
and colleagues deemed all cases of lead
poisoning to be of environmental origin,
primarily from leaded house paint and
residual lead from gasoline in soil, making

the environmentally attributable fraction
(EAF) 100%.
Size of Population: For the purposes of the
study, the population at risk is assumed to
be a single cohort of five year-old children.
This age group was chosen as the population at risk because this is the age when
children typically enter school, and the age
at which the neurological damage caused
by lead often first is noticed. Additionally,
abatement or medical treatment beyond
that age will not reverse brain damage
or restore lost intelligence. Therefore, a
child may have lifelong decrease in function as a result of the exposure. According to the 2000 U.S. Census, there were
73,193 5 year-old boys in Michigan and
69,307 5 year-old girls. While this does
not necessarily reflect the 2009 population, the Census Bureau estimates only a
0.3% cumulative population increase for
the state between 2000 and 2009, making
the actual number of 5 year-olds in 2009
not likely to be significantly different from
the number in 2000. So, we used the 2000
Census number as our estimate of the current cohort of 5 year-old boys and girls in
Michigan.18

Costs of Childhood Lead Exposure 
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Disease Rate: We received Michiganspecific data on blood lead levels of 5 year-old
children in the state from the Michigan
Department of Community Health.19 The
mean blood lead level for children 5 years
of age (at time of testing) in 2009 was 2.29
µg/dL (micrograms per deciliter of blood).
The number of 5 year-old children tested
was 9,140. In comparison, the most recent
national data available is from the 20072008 NHANES survey, which found the
mean blood lead level of 5 year-old children
to be 1.5 µg/dL.20 This difference between
Michigan and the rest of the country is
not surprising. As of 2006, Michigan was
ranked 7th in the nation for number and
percentage of children confirmed to have
lead poisoning.21 In 2007, Michigan was

ranked 6th worst in the nation.22 In certain
areas in Michigan, such as Detroit, children
are consistently at higher risk for elevated
blood lead levels than the rest of the state.23
However, because Michigan targets at-risk
children for testing (which may overestimate mean blood lead levels), we use both
the Michigan and the national NHANES
blood levels for our calculations.b
Cost per Case: In their 2002 study, Landrigan and colleagues assumed that an
increase of 1.0 µg/dL blood lead was associated with a mean loss of .25 IQ points,
based on the work by Schwartz et al. Since
Landrigan’s study was published, Canfield
et al. (2003) found a loss of 0.46 IQ points
per 1.0 µg/dL. 24 More recent studies

b. The true average lead levels in 5 year-old children in Michigan may be slightly higher or lower than the estimate
provided by MDCH, due to MDCH’s method of database storage, in which: Any reported value that is less than zero
is stored in the database as a 1. Additionally, some labs have a detection limit, usually around 2, 3 or 4 µg/dL. Results
below the detection limit are generally reported as “<2”, “<3” or “<4”. Those are stored as 1, 2 or 3 respectively. Additionally, because Michigan targets at-risk children for testing, this sample may not be representative of the state.
Despite these uncertainties, we believe that using Michigan-specific data is important given Michigan’s higher than
average lead levels in children. We also include estimates using national data as a comparison.
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suggest there may be even greater losses
associated with lead exposure.25 For this
study, we use Canfield’s estimate of loss of
IQ points, and Salkever’s estimate of loss of
lifetime earnings (1 IQ point drop = 2.39%
decrease in lifetime earnings). To estimate
the expected lifetime earnings of a 5 yearold, Landrigan used 1997 data from the
Bureau of Labor Statistics. We referred to
a 2004 study by Max et al. which calculated
the present value of lifetime earnings in

2000 of men and women in different age
brackets.26 Through communications with
the authors, we were able to get (updated)
2005 present values of lifetime earnings
for 5 year-olds (boys: $1,352,986; girls:
$1,063,916).27 We used the Bureau of Labor
Statistics’ Index of Hourly Compensation
to update these estimates to 2009 dollars
using a factor of 1.12c (boys: $1,515,344;
girls: $1,191,586).28

Table 1. Estimated annual loss of future lifetime earnings due to pediatric lead poisoning in Michigan, for 2009 cohort.
100%
Using Michigan

Using U.S.

Environmentally attributable fraction (EAF)

data (MDCH):

data (NHANES):

Mean blood lead level in 2007-2008 among
5 year-old children

2.29 µg/dL

1.5 µg/dL

A blood lead level of 1.0 µg/dL
Therefore, a blood lead level of 2.29 µg/dL x the
mean loss of IQ points =
According to literature, a loss of 1 IQ point =
Therefore, a loss of above IQ points x 2.39%
(loss of lifetime earnings for 1 IQ point) =

Mean loss of 0.46 IQ points
Mean loss of
1.05 IQ points

Mean loss of
0.69 IQ points

Loss of lifetime earnings: 2.39%
Loss of lifetime
earnings: 2.51%

Loss of lifetime
earnings: 1.65%

For boys: loss of lifetime earnings (from above)
x $1,515,344 (avg. lifetime earnings of 5 year-old
boy) x 73,193 (number of 5 year-old boys in MI) =

$2.78 billion

$1.83 billion

For girls: loss of lifetime earnings (from above) x
$1,191,586 (avg. lifetime earnings of a 5 year-old
girl) x 69,307 (number of 5 year-old girls in MI) =

$2.07 billion

$1.36 billion

Present value of loss of future lifetime
earnings due to pediatric lead poisoning
in Michigan =

$4.85 billion

$3.19 billion

Calculation of Economic Losses

c. 1.12 was calculated using the BLS Index of Hourly Compensation.   (2005 annual : 163.824; 2009 2nd Quarter:
183.059 (most recent available)); thus we inflated the 2005 numbers by a factor of 183.059/163.824 = 1.12.
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Results and Discussion
Results: The present value of Michigan’s
economic losses attributable to lead exposure in the 2009 cohort of 5 year-olds ranges
from $3.19 (using U.S. blood lead levels) to
$4.85 billion (using Michigan blood lead
levels) per year in loss of future lifetime
earnings (See Table 1 for calculations).
Discussion: It is important to note that the
estimate of economic losses in Michigan
that are attributable to childhood lead
exposure quantify only part of the true
societal costs due to lead poisoning in
children. Our analysis assumes that the
only cost associated with reduced IQ is
loss in lifetime earnings. Two things are
important to note in this regard. First, this
calculation assumes that those children
affected by childhood lead poisoning will
stay in the state of Michigan and continue
working. Obviously, this is not the case for
all children. Secondly, the economic burdens of reduced IQ go far beyond the loss
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of future earnings. An average loss of 1.05
IQ points in Michigan children means that
some of the most highly exposed children
will have much more dramatic drops in IQ.
These children will need special education
and increased care from parents, resulting
in additional economic costs to the state.
Moreover, recent research has revealed
that elevated lead levels in children are
associated with behavioral problems, 29
including an elevated risk for delinquent
behavior and arrests.30 In fact, a 2008
prospective study found that childhood
lead concentrations are associated with
increased rates of total arrests as well as
increased rates of arrests involving violent
offenses.31 These indirect yet very significant consequences were not taken into account in our study. Lead is also associated
with other functional losses that could be
economically significant. Thus, actual societal costs to the state from lead poisoning
in children are likely to be much greater
than estimated here.

Costs of Childhood Asthma

A

sthma is a chronic disease that
causes the airways to become sore
and swollen. Children have smaller
airways than adults, which makes asthma
especially serious for them. Nationwide, 9
million children suffer from asthma. The
prevalence and burden of asthma continues
to increase in the US, and in Michigan. To
determine the environmentally attributable costs associated with the pediatric
asthma burden in Michigan, we undertook
the following analysis.

Calculating the Costs of
Childhood Asthma:
Michigan Estimate
Population at risk: For calculations of
direct medical costs of asthma, we used
the population of children under age 18 in
Michigan as our population at risk.
Disease Rate: Data for pediatric asthma

ho s p it a l i z at io n s a nd mor t a l it y i n
Michigan was provided by the Michigan
Department of Community Health. We
used data for the number of children
hospitalized due to asthma in Michigan
from 2008; in that year, there were
4,325 hopitalizations of children (age
0-17) due to asthma.32 Data on asthma
mortalit y was also prov ided by t he
Michigan Department of Community
Health. For the years 2003-2007, the
average number of pediatric deaths per
year due to asthma was 12 per year. The
average number of male pediatric asthma
deaths during this time period was 7
per year, and for females it was 5 per
year.33 We assume the same disease rates
for 2009.
Cost per Case and Cost Calculations:
When possible, we calculated costs of pediatric asthma in the state using current,
Michigan-specific data. However, much of
the data was not available. When it was not
possible to get current, Michigan-specific
data, we instead relied on cost calculations
done by Landrigan and colleagues. We updated them to be as current and applicable
to the state as possible.
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• To calculate direct medical costs due
to hospitalizations, we used data for
inpatient stays from the Michigan Department of Community Health. The
average cost of an asthma hospitalization in Michigan in 2008 for children
(1-17 years) was $7,358.34 Using the
Bureau of Labor Statistics Inflation
Calculator, we calculated this to be
$7,332 in 2009 dollars. We multiplied
this by the number of asthma hospitalizations in 2008 (4325) to determine
that the direct annual costs of hospitalizations due to asthma in Michigan
are $31.71 million. We assumed that
the number of hospitalizations has not
changed since then.

girls. We then took 2005 average
lifetime earnings for boys and girls,
using national lifetime earnings for
10-14 year-olds as an estimate (boys:
$1,493,428 and girls: 1,174,235)35
and updated to 2009 dollars using
an inflation factor of 1.12d (boys:
$1,672,639 and girls: $1,315,143). We
then multiplied these numbers by the
number of premature deaths due to
asthma in the state every year:

• To calculate the indirect costs of
asthma in Michigan due to premature deaths, we used MDCH’s data
on asthma mortality in boys and

o Total: $18,284,188.

o Boys: 7 premature deaths/year x
$1,672,639 = $11,708,473
o Girls: 5 premature deaths/year x
$1,315,143 = $6,575,715

• To calculate medical costs due to physicians’ services and medications, and
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d. 1.12 was calculated using the BLS Index of Hourly Compensation.   (2005 annual : 163.824; 2009 2nd Quarter:
183.059 (most recent available); thus we inflated the 2005 numbers by a factor of 183.059/163.824 = 1.12.)
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Table 2: Estimated annual costs of pediatric asthma of environmental
origin in Michigan, year 2009.
Medical and indirect costs

U.S. dollars

Medical costs
Hospitalizations
Inpatient stays
Outpatient visits
Emergency room visits

31.71 million
6.78 million
14.21 million

Physicians’ services
Inpatient
Outpatient

2.3 million
20.5 million

Medications

123 million

Subtotal: medical costs

$198.5 million

Indirect costs
School days lost (lost workdays for parents)
Premature deaths (lost lifetime earnings)
Subtotal: indirect costs
Total costs of pediatric asthma
(medical costs + indirect costs)
EAF
Environmentally attributable costs
of pediatric asthma (EAF x total costs)
EAF percentage range
EAC estimated range

outpatient and emergency room hospitalizations, as well as indirect costs
due to the number of school days lost,
we used a methodology similar to Davies’ 2005 report of economic costs of
environmentally attributable diseases
in Washington State.36 In that study,
costs of pediatric asthma in Washington are calculated by updating

78 million
18.3 million
$96.3 million
$295 million
30%
$88.4 million
10-35%
$29.5-103.2 million

the cost estimates derived by Landrigan and colleagues to 2004 dollars
and multiplying by the percentage
that the state comprises of the U.S.
population.e According to the U.S.
Census, Michigan comprises 3.29%
of the U.S. population.37 Landrigan’s
cost estimates are (as reported, and
updated to 2009 dollars):

e. It is important to note that this type of calculation assumes that there is no difference in age distribution between
Michigan and the rest of the country, and that costs of healthcare in Michigan are comparable to that of the rest of
the country. In 2004, Michigan healthcare spending per capita was slightly lower than the national average (Source:
www.statehealthfacts.org)
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o Physician inpatient services: $54
million in 1997, $72 million in 2009
- Multiplied by 3.29% = $2.3 million

o Emergency room visits: $323 million in 1997, $432 million in 2009
- Multiplied by 3.29% = $14.21 million

o Physician outpatient services: $625
million in 1997, $835 million in
2009
- Multiplied by 3.29% = $20.5 million

o Indirect Costs due to number of
school days lost: $1.78 billion in
1997, $2.38 billion in 2009
- Multiplied by 3.29% = $78 million

o Medications: $2.81 billion in 1997,
$3.76 billion in 2009
- Multiplied by 3.29% = $123 million
o Outpatient hospitalizations: $154
million in 1997, $206 million in
2009
- Multiplied by 3.29% = $6.78 million

Results
Using the above methodology, the estimate
of the annual costs to Michigan of childhood asthma attributable to environmental
contaminants is $88.4 million in 2009 dollars, with a range of $29.5 to $103.2 million
(see Table 2).

Photo by Gloria-Leigh Logan

12 The Price of Pollution

Costs of Childhood Cancer

C

ancer is the leading cause of death by
disease among U.S. children 1 to 14
years of age. Leukemias and cancers
of the brain and central nervous system
account for more than half of the new cases
of pediatric cancer. Over the past 20 years,
there has been an increase in the incidence
of children diagnosed with all forms of
invasive cancer. To determine the environmentally attributable costs associated with
the pediatric cancer burden in Michigan,
we undertook the following analysis.

Calculating the Costs of
Childhood Cancer:
Michigan Estimate
Population at risk: We considered all
children under the age of 18 in Michigan
as our population at risk.f

Disease Rate: We used the most up-todate and Michigan-specific data available
to estimate disease rates in the state. The
most recent data available on incidence of
childhood cancer in Michigan was from
the Michigan Department of Community
Health’s website. In 2004, 323 Michigan
children were diagnosed with cancer. Fiftytwo children in Michigan died of cancer in
2005.38 As these were the most recent data
available, these are the statistics we used
for our 2009 cost calculations.
Cost per Case and Cost Calculations:
• Because there have not been any
studies calculating costs of childhood cancer cases in Michigan, we
had to rely on Landrigan’s calculations. Landrigan calculated a national
cost per case of childhood cancer as
$623,000 in 1997. In 2009, this would
be a cost per case of $833,000 due to
inflation.39
• To calculate the costs of pediatric cancer cases in Michigan, we multiplied

f. Note: Landrigan and colleagues used only children under age 15 as the population at risk.

Costs of Childhood Cancer
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the cost per case by the number of
children diagnosed per year:
$833,000 x 323 = $269 million
• Landrigan estimated the cost of
premature deaths due to childhood
cancer to be $1.8 billion for the U.S.
population. We know that 52 Michigan children died in 2005 of cancer;
we assume this to be our annual
mortality rate due to pediatric cancer.
To calculate the indirect costs of
these premature deaths due to lost
lifetime earnings, we estimated an
equal number of death for boys and
girls.g We then took 2005 average lifetime earnings for boys and
girls, using the Bureau of Labor
Statistics’ lifetime earnings for 1014 year-olds as an estimate (boys:
$1,493,428 and girls: 1,174,235) 40
and updated to 2009 dollars using
an inf lation factor of 1.12h (boys:
$1,672,639 and girls: $1,315,143).

We then multiplied the number of
premature deaths due to pediatric
cancer for boys and girls in the
state by average lifetime earnings.
It is important to note that these
calculations estimate unrealized
lifetime earnings of children, not
costs to families. Premature deaths
of children impose enormous social,
emotional, and economic burdens
on families.
o Boys: 26 premature deaths x
$1,672,639 = $43,488,614
o Girls: 26 premature deaths/year x
$1,315,143 = $34,193,718
o Total: $77.7 million
• Thus, the annual costs of pediatric
cancer in Michigan, including cost
of premature death due to childhood
cancer can be roughly approximated as

Table 3: Estimated costs for pediatric cancer of environmental origin in Michigan;
annual cost using 2009 cohort.
Cost per case of pediatric cancer
Number of cases diagnosed each year

$833,000
323

Total treatment costs of pediatric cancer (cases x cost per case)

$269 million

Lost wages due to premature death due to cancer

$77.7 million

Total costs of pediatric cancer in Michigan
(treatment costs + lost wages)
EAF

$346.7 million
5%

Environmentally attributable costs of pediatric cancer
(EAF x total costs)
EAF percentage range
EAC estimated range

$17.3 million
2-10%
$6.9-34.6 million

g. According to July 2008 U.S. census estimates, there were 1,223,358 boys in the state and 1,166,840 girls, which
is a ratio of 1.05 to 1, which is practically a 1:1 ratio.
h. 1.12 was calculated using the BLS Index of Hourly Compensation.   (2005 annual: 163.824; 2009 2nd Quarter:
183.059 (most recent available); Thus we inflated the 2005 numbers by a factor of 183.059/163.824 = 1.12.)
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$269 million + $77.7 million = $346.7
million.
• Applying the environmentally attributable fractions (EAF) of 2, 5,
and 10%, we calculated the environmentally attributable costs (EAC) as
shown in Table 3.

Results
Using the above methodology, the estimate
of the annual costs of childhood cancer attributable to environmental contaminants
in Michigan can roughly be approximated
as $17.3 million in 2009 dollars, with a
range of $7 to 35 million.

Costs of Childhood Cancer
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Costs of Childhood
Neurodevelopmental Disorders

N

eurodevelopmental disorders are
characterized by a variety of behavioral, communication, or cognitive
problems. While a range of neurodevelopmental disorders affect children, we chose to
focus on autism, cerebral palsy, and mental
retardation (referred to here as cognitive
impairment i) because these conditions
have been linked in part to environmental
exposures, and because they have been previously investigated by other researchers. To
determine the environmentally attributable
costs associated with the select childhood
neurodevelopmental burden in Michigan,
we undertook the following analysis.

in Michigan. The most recent data on
number of births in Michigan comes from
the Michigan Department of Community Health. In July of 2008, there were
127,680 children under 1 year of age in
Michigan.41 We assume that this number
is not substantially different from annual
births in 2009.
Disease Rate: Michigan-specific incidence
data were not available for neurodevelopmental disorders. Consequently, national
incidence rates for cognitive impairment,
autism, and cerebral palsy were applied:
• Cognitive impairment: The incidence rate is 12 cases per 1,000 births,
as found by Bhasin et al. in 2006.42
Thus, of the 2009 Michigan birth

Calculating the Costs of
Select Childhood
Neurodevelopmental
Disorders: Michigan Estimate
Population at risk: The relevant population at risk is all children born each year

16 The Price of Pollution

i. The term cognitive impairment includes what used to
be called mental retardation. People who were previously
considered to be mentally retarded are now considered
severely cognitively impaired. Mental retardation was
the terminology used in the Landrigan report.
j. As of December 1, 2009, 23,494 students age 0-26
were identified as having cognitive impairment. The
total number of students in Michigan was 1,639,851;
thus, the rate of cognitive impairment in Michigan was
roughly on par with the national rate.

cohort, we would expect 1,532 cases of
cognitive impairment.j
• Cerebral Palsy: A 2008 study found
that the national incidence rate of
cerebral palsy is 3.6 cases per 1,000
births.43 Thus, of the 2009 Michigan
birth cohort, we would expect 460
cases of cerebral palsy.
• Autism: In 2009, there were 14,760
students with autism spectrum disorder enrolled in special education in
Michigan public schools.k As there
were 1.64 million children in the
Michigan school system in 2006,44 this
is an incidence rate of slightly greater
than 1 in 150 cases, which is the
CDC’s estimate of the national rate of
autism spectrum disorders.45 Therefore, in the 2009 Michigan birth
cohort, we would expect 851 cases of
children with autism spectrum
disorder.

Cost per Case Estimates: We were unable
to get Michigan-specific data on cost per
case of autism, cerebral palsy, and cognitive impairment in children. Thus, like
Landrigan and colleagues, we relied on
the work of Honeycutt et al. We updated
Landrigan’s cost per case estimate to 2009
dollars using the Bureau of Labor Statistics
Consumer Price Index Inflation Calculator for all costs except productivity losses
due to morbidity. For productivity losses,
we used the Bureau of Labor Statistics
(BLS)’s Index of Hourly Compensation to
update the costs, as this is a more relevant
estimate of wage inflation.l We did find
Michigan-specific costs of special education and we include them later; but do not
appear in Table 4.
We then took these updated lifetime
costs per case of the three neurodevelopmental disorders, multiplied them by
the number of expected incidents of these
disorders in the 2009 Michigan birth

Table 4: Lifetime costs per case of three neurodevelopmental conditions or disorders,
2009.
Cognitive
impairment
Physician visits
Prescription drugs
Hospitalization
Assistive Devices
Therapy and Rehabilitation
Long-term care
Home and auto modifications
Home care
Productivity losses due to morbidity
Total lifetime costs per case

$22,893

Autism
---

Cerebral
Palsy
$43,902

$4,172

---

$4,713

$35,334

$5,931

$23,171

$3,642

$155

$3,614

$15,475

$2,252

$19,276

$112,178

$43,905

$5,834

$1,083

$763

$2,469

$1,213,360

$1,369,076

$1,180,197

$913,468

$765,839

$757,760

$2,321,605

$2,187,921

$2,040,936

k. This includes only those students who were in special education. Autism spectrum disorder also includes high functioning children who may not be assigned to special education. These children are unlikely to have high medical costs.
l. In 1997, the annual Index of Hourly Compensation by the BLS was 113.055. In the second quarter of 2009 (the most
recent data available), it was 183.059 . Thus an inflation factor of 183.059/113.055 was applied (1.62).
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Table 5: Estimated lifetime costs of neurodevelopmental disorders of environmental
origin for children born in 2009 in Michigan.

Total lifetime costs per case,
not including special education
Annual new cases
Lifetime costs per annual cohort,
not including special education
(cost per case x new cases)
Adjustment of costs to avoid
double counting
Adjusted lifetime costs per annual
cohort, not including special education
Total costs, select neurobehavioral
disorders, not including special education

Autism

Cerebral
Palsy

$2,321,605

$2,187,921		

$2,040,936

460

851

$1.01 billion

$1.74 billion

1,532
$3.56 billion

-2.5%
$3.47 billion

—-			
$1.01 billion

+ $2.5 billion

Total costs of select
neurodevelopmental disorders in MI

= $8.45 billion

Total environmentally
attributable costs

15%
$1.47 billion

$5.95 billion ($ 3.47 b.+ $1.01 b + $1.47 b)

Annual cost estimate of
special education in Michigan

EAF

10%
$845 million (10% of $8.45 billion )

EAF range

5-20%

EAC range

$423 million – 1.69 billion

cohort. We used the downward adjustments employed by Landrigan for lead
and cerebral palsy (as explained in the Appendix) to avoid double counting. These
were 2.5% for lead and 15% for cerebral
palsy. Landrigan used a 34% downward
adjustment for autism to account for those
children with autism who are also mentally
retarded. However, the Michigan Department of Education uses only one primary
disability category per child; thus, children
are categorized as either having autism
or cognitive impairment, but never both.
This study does not, therefore, include a
downward adjustment for autism.
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Cognitive
Impairment

Michigan-specific costs of special
education were taken from a June 2008
expenditure report from the Michigan
Department of Education.46 According
to the report, total state expenditures for
special education were 2.42 billion for the
2006-2007 school year. Every year for
the last 20 years, state expenditures for
special education have risen between 2%
and 12%, with an average of around 3-4%
for the last few years. To be conservative,
we applied a 2% increase for 2 years to
estimate that costs of special education
expenditures in Michigan were approximately $2.5 billion. We recognize that this

includes all special needs programs, and
thus the total costs will overestimate costs
of only cognitive impairment, autism, and
cerebral palsy. However, because there are
many neurobehavioral disorders that have
been linked to environmental exposures,
including ADD and ADHD, and because
the EAF applies to all neurobehavioral
disorders, we believe that the total attributable cost estimates will still be
fairly conservative. While there are some
children in special education without
neurobehavioral disorders, they represent only a small percentage of children
in special education—1.36% of students
in special education in Michigan have a

hearing impairment, 0.39% have a visual
impairment, and 1.51% have a physical
impairment.47

Results
Based on the above calculations, and using
the environmentally attributable fraction (EAF), the costs to society for three
neurobehavioral disorders for the 2009
Michigan birth cohort can be roughly approximated as $845 million, with a range
of $423 million – 1.69 billion.
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Appendix:
Costs of Environmentally
Attributable Diseases in the U.S. –
Landrigan Approach

U.S. Costs of Childhood
Lead Poisoning
EAF: Landrigan and colleagues deemed all
cases of lead poisoning to be of environmental origin, making the environmentally
attributable fraction (EAF) 100%.
Size of Population: The estimate of population size was based on a single cohort of
children in 1997 (the year for which the
estimates were done), all age 5 years old.
This age group was chosen as the population at risk because this is the age when
children typically enter school, and the age
at which the neurological damage caused
by lead often first is noticed. Additionally,
abatement or medical treatment beyond
that age will not reverse brain damage or
restore lost intelligence. Therefore, a child
may have lifelong decrease in function as a
result of the exposure. To find the number
of 5 year-old children in the country, Landrigan used data from the U.S. Census.
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Disease Rate: To estimate the prevalence of
lead poisoning, Landrigan used data from
the CDC’s National Health and Nutrition Examination Study (NHA NES).
The mean blood lead level for 5 year-old
children in the U.S. from 1991-1994 was
2.7 µg/dL.
Cost per Case: Landrigan’s model for calculating the economic costs of pediatric
lead poisoning, which is based in part on
previous published studies by Schwartz48
and Salkever,49 assumes that IQ scores
decrease with increasing blood lead levels
in a dose-response manner. Those decrements in IQ scores are in turn associated
with decreased wages and lifetime earning power. Specifically, Landrigan used
Schwartz’s finding that 1 µg/dL of blood
lead is associated with a 0.25 decrease
in IQ points, and Salkever’s finding that
the loss of 1 IQ point is associated with a
2.39% loss of lifetime earnings. Lifetime
earnings were taken from estimates from
the Bureau of Labor Statistics of average

Table 6. Estimated annual loss of future lifetime earnings due to pediatric
lead poisoning, United States, for 1997 cohort of 5 year-olds.
Environmentally attributable fraction (EAF)
Main consequence

100%
Loss of IQ over time

Mean blood lead level
among 5 year-old children (1991-1994)

2.7 µg/dL

A blood lead level of 1.0 µg/dL

Mean loss of 0.25 IQ points

Therefore, a blood lead level of 2.7 µg/dL

Mean loss of 0.675 IQ points

A loss of 1 IQ point

Loss of lifetime earnings: 2.39%

Therefore, a loss of 0.675 IQ points

Loss of lifetime earnings: 1.61%

Economic consequences
For boys: loss of 1.61% x $881,027
(avg. lifetime earnings) x 1,960,200

$27.8 billion

For girls: loss of 1.61% x $519,631
(avg. lifetime earnings) x 1,869,800

$15.6 billion

Total annual loss of future lifetime earnings
due to pediatric lead poisoning =

$43.4 billion

expected lifetime income for 5 year-old
boys ($881,027) and girls ($519,631).
Results: Landrigan and colleagues estimated the total annual economic losses due
to lead exposure to be $43.4 billion for the
year 1997 (See Table 6 for calculations).

U.S. Costs of
Childhood Asthma
EAF: Landrigan and colleagues, through
consultations with a panel of experts, estimated that 30% of acute exacerbations of
childhood asthma are environmentallyrelated. The range for the environmentally
attributable fraction (EAF) was deemed
to be 10-35%, and environmental causes

included only non-biological, outdoor
pollutants such as emissions from stationary and mobile sources.
Population at risk: Landrigan used all
children under 18 as the population at risk.
Cost estimates are based on the aggregate
cost of asthma in children under 18 years
of age, multiplied by the EAF.
Disease Rate: To estimate the prevalence
of asthma, Landrigan used data on childhood asthma prevalence from the National
Health Interview Survey and data on asthma mortality in children from the CDC.
According to this data, there were 247
deaths each year from childhood asthma.
Cost per Case: To estimate the costs of
childhood asthma, Landrigan considered
both the direct and indirect costs related to
asthma. Direct health care costs included
hospital care (inpatient, outpatient, and
emergency care), and physician services
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(inpatient, outpatient, and medications).
Indirect costs included number of school
days lost and lost productivity due to premature death. These cost estimates were
developed using the approach of Chestnut
et al. (2000) and Weiss et al. (2000).

Results: Landrigan and colleagues estimated the total annual national economic
costs of childhood asthma attributable to
environmental exposures in the U.S. to be
$2 billion for the year 1997 (See Table 7).

Table 7: Estimated annual costs of pediatric asthma of environmental
origin in the United States, using 1997 cohort.
Medical and indirect costs

U.S. dollars

Medical costs
Hospitalizations
Inpatient stays
Outpatient visits
Emergency room visits

634 million
323 million
154 million

Physicians’ services
Inpatient
Outpatient

54 million
625 million

Medications

2.81 billion

Subtotal: medical costs

$4.6 billion

Indirect costs
School days lost (lost workdays for parents)
Premature deaths (lost lifetime earnings)
Subtotal: indirect costs
Total costs of pediatric asthma
(medical costs + indirect costs)
EAF
Environmentally attributable costs
of pediatric asthma (EAF x total costs)
EAF percentage range
EAC estimated range
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1.78 billion
193 million
$2 billion
$6.6 billion
30%
$2.0 billion
10-35%
$0.7-23 billion

U.S. Costs of
Childhood Cancer
EAF: Landrigan and colleagues, through
consultations with a panel of experts, estimated the fraction of cases of the major
categories of childhood cancer that may be
associated with environmental exposures.
The panel was only able to agree that the
actual environmentally attributable fraction (EAF) would be at least 5-10% and less
than 80-90%. Because of the many uncertainties associated with childhood cancer,
the EAFs used were at the conservative end
and were: 2, 5, and 10%.

Population at risk: Unlike the calculations for asthma and lead poisoning, which
considered a single cohort as the population at risk, Landrigan based national
childhood cancer calculations on number
of new cancer diagnoses per year for all
U.S. children under age 15. This was done
because there is a broad range of ages of
onset for different childhood cancers.
Disease Rate: For childhood cancer, the
relevant disease rate is incidence because it
cannot be anticipated that environmental
cleanup will ameliorate the morbidity
or mortality of children who now have
cancer.50 To estimate the incidence of

Table 8. Estimated annual costs of pediatric cancer of
environmental origin in the United States, using 1997 cohort.
Medical and indirect costs

U.S. dollars

Medical costs (per primary case)
Inpatient stays
Outpatient visits
Laboratory
Physicians’ services
Subtotal: medical costs

189,600
20,400
263,200
35,900
$509,000

Indirect morbidity costs (per primary case)
Lost parental wages
Loss of IQ
Subtotal: indirect morbidity costs

13,500
60,500
$74,000

Total morbidity costs per primary case
Morbidity costs of secondary cases
Morbidity costs per case for primary
and subsequent secondary cancer

583,000
40,000
$623,000

Total annual morbidity costs of childhood cancer
Medical and indirect morbidity costs
Costs of premature deaths
Total morbidity costs
EAF
Environmentally attributable costs
of pediatric cancer
EAF percentage range
EAC estimated range

4.8 billion
1.8 billion
6.6 billion
5%
332 million
2-10%
132-663 million
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pediatric cancer, Landrigan used data
from the national Cancer Institute’s
Sur veillance Epidemiolog y and End
Results database. According to this data,
there are 7,722 new cases of childhood
cancer each year in the U.S.
Cost per Case: Landrigan notes that data
on the costs of childhood cancer are not
easily available, particularly because the
majority of childhood cancer patients
participate in randomized clinical trials
for which there are no costs to patients,
and poorly recorded costs to hospitals. To
estimate the costs of childhood cancer,
Landrigan considered both the direct and
indirect costs related to cancer. Direct
medical costs included inpatient care,
outpatient care, laboratory services, and
physician’s services. Indirect costs included lost parental wages, loss of IQ, secondary cancer cases, and costs of premature
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deaths. Costs were estimated based on
records from the Mount Sinai Medical
Center as well as published data on costs of
laboratory services. They also considered
the morbidity costs of secondary cases
of cancer, as children with cancer are at
greater risk of secondary malignancy.
Costs associated with decreased IQ were
calculated because certain cancer treatments involve radiation that can affect IQ.
Lost wages due to premature death were
calculated by multiplying the estimated
loss of lifetime earnings by the number
of pediatric deaths.
Results: Landrigan and colleagues estimated total annual U.S. direct medical
costs and indirect economic losses from
pediatric cancer attributable to environmental exposures to be $332 million for
the year 1997 (See Table 8).

U.S. Costs of
Neurodevelopmental
Disorders

Population at risk: Landrigan used all
children born in the U.S. in the year 1997
as the population at risk.

EAF: A committee convened in 2000 by
the U.S. National Academy of Sciences estimated that 3% of all neurodevelopmental
disorders in children are caused directly by
exposures to environmental toxicants. An
additional 25% of disorders are caused by
interactions between environmental factors and genetic susceptibility in children.
Based on this estimate, Landrigan and colleagues used an EAF of 10%, with a range
of 5-20%. This conservative estimate was
meant to avoid the inclusion of neurodevelopmental disorders due to alcohol, tobacco,
or drug use. Because a significant number
of cases of autism and cerebral palsy are
also associated with mental retardation,
Landrigan avoided double counting these
cases by imposing a downward adjustment
of 34% of attributable cases of autism and
15% of attributable cases of cerebral palsy.
Additionally, to avoid double-counting
mental retardation costs due to lead exposure, Landrigan used a downward adjustment of 2.5%.

Disease Rate: Disease rates for mental retardation, autism, and cerebral palsy were
taken from a 2000 CDC study.51
Cost per Case: Cost estimates of mental
retardation, autism, and cerebral palsy were
taken from a study by Honeycutt et al.52
published in 2000. These cost estimates
for the three disorders considered both the
direct and indirect costs. Direct health care
costs included physician visits, prescriptions drugs, hospitalization, therapy, home
care, special education services, and more.
Indirect costs were calculated as productivity losses due to morbidity.
Results: Landrigan and colleagues estimated the total annual economic losses
due to pediatric neurobehavioral disorders
of environmental disorders to be $9.2 billion, with a range of $4.6-$18.4 billion.
These costs refer to the added lifetime
costs for each birth cohort. Mental retardation accounted for the majority of
these costs.

Table 9: Lifetime costs per case of three neurodevelopmental diseases in the U.S.,
1997.
Mental
Autism
Retardation		
Physician visits

Cerebral
Palsy

$17,127

—

$32,844

$3,121

—

$3,526

$26,434

$4,437

$17,335

$2,725

$116

$2,704

Therapy and Rehabilitation

$11,577

$1,685

$14,421

Long-term care

$83,923

$32,846

$4,365

Prescription drugs
Hospitalization
Assistive Devices

Home and auto modifications

$810

$571

$1,847

Home care

$907,742

$1,024,237

$882,932

Productivity losses due to morbidity

$563,869

$472,740

$467,753

$1,617,328

$1,536,632

$1,427,727

Total lifetime costs per case
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