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Excessive weight gain in childhood and ado-
lescence has risen over the past several de-
cades. The prevalence of overweight adoles-
cents tripled between the 1970s and 2000 and
reached 17% as of 2000 to 2004.1 Overweight
adolescents are likely to become obese adults,2–4

thereby producing a substantial, long-lasting
future health burden. The prevalence of adult
obesity was reported to be 34% in 2007.5 A
recent study forecast that current adolescent
overweight will increase future adult obesity by
5% to 15% by 2035, resulting in more than
100000 excess prevalent cases of coronary
heart disease (CHD) by 2035.1

The economic burden attributable to this
future excess obesity has not been estimated.
In addition to the costs of medical treatment
of the higher rates of obesity, CHD, and other
obesity-related illness such as diabetes, the
costs of lost productivity resulting from pre-
mature morbidity and mortality in the working-
age population may also be high.

We used the CHD Policy Model6–8 to esti-
mate the increase from 2020 to 2050 in adult
obesity, obesity-associated CHD, and obesity-
related diabetes attributable to increases in prev-
alence of adolescent overweight between the
late 1970s and 2000. We then estimated the
attributable increases in direct medical costs and
indirect productivity costs. We also estimated
the economic costs associated with medical
treatment protocols (or standards of care or
policies) that might mitigate the projected rise of
modifiable, obesity-related cardiovascular risk
factors.

METHODS

The CHD Policy Model is a computer-
simulation, state-transition (Markov cohort)
model of the incidence, prevalence, mortality,
and costs of CHD in US residents aged 35 to 84

years.6–8 The demographic–epidemiological
submodel predicts the incidence of CHD and
death from other causes among persons without
CHD, stratified according to age, gender, and as
many as 6 categorized risk factors, including
diastolic blood pressure, smoking status, levels of
high-density lipoprotein (HDL) and low-density
lipoprotein (LDL) cholesterol, body mass index
(BMI; defined as weight in kilograms divided by
height in meters squared), and the presence or
absence of diabetes mellitus.

After CHD develops, the bridge submodel
characterizes the initial CHD event (cardiac
arrest, myocardial infarction, or angina) and its
sequelae for 30 days. Then, the disease history
submodel predicts the number of subsequent
CHD events, revascularization procedures, and
deaths from CHD and other causes among
persons with CHD, stratified according to age,
gender, and history of events. All population
distributions, risk factor levels, coefficients,
event rates, case-fatality rates, and costs can be

modified. The predictions of the current ver-
sion of the model have been validated with
data from randomized controlled trials for the
reduction in coronary events with statins and
other risk factors.9–11

Obesity Estimates

We defined adolescent overweight as BMI
above the 95th percentile on the growth charts
of the Centers for Disease Control and Pre-
vention12 and adult obesity as a BMI of 30 kg/
m2 or higher.13 We used data from the National
Health and Nutrition Examination Survey for
1971 to 1974,1976 to 1980, 1988 to 1994, and
1999 to 2000 to determine the proportion of
adolescents aged between 12 and 19 years who
were above the 95th percentile for BMI and
the proportion of obese 35-year-old adults.13,14

We then estimated a linear time trend function
derived from these historical data to predict the
rate at which overweight adolescents become
obese adults 20 years later.

Objectives. We predicted the future economic burden attributable to high rates

of current adolescent overweight.

Methods. We constructed models to simulate the costs of excess obesity and

associated diabetes and coronary heart disease (CHD) among adults aged 35–64

years in the US population in 2020 to 2050.

Results. Current adolescent overweight is projected to result in 161 million life-

years complicated by obesity, diabetes, or CHD and 1.5 million life-years lost.

The cumulative excess attributable total costs are estimated at $254 billion: $208

billion because of lost productivity from earlier death or morbidity and $46

billion from direct medical costs. Currently available therapies for hypertension,

hyperlipidemia, and diabetes, used according to guidelines, if applied in the

future, would result in modest reductions in excess mortality (decreased to

1.1 million life-years lost) but increase total excess costs by another $7 billion

(increased to $261 billion total).

Conclusions. Current adolescent overweight will likely lead to large future

economic and health burdens, especially lost productivity from premature death

and disability. Application of currently available medical treatments will not

greatly reduce these future burdens of increased adult obesity. (Am J Public

Health. 2009;99:2230–2237. doi:10.2105/AJPH.2008.152595)
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We implemented the change in the preva-
lence of obesity as a shift in the distribution of
adult BMI, assuming the magnitude of the shift
was proportional to the projected increase in
mean BMI. After age 35, we applied transition
probabilities derived from the BMI distribution
to simulate the natural increase in BMI that
occurs with age. For each historical trend, we
modeled separate projections of future obesity.
We decided, on the basis of our analysis of data
from the Framingham Heart Study and other
epidemiological data, not to assign a CHD risk
function to obesity but to assume that in-
creased BMI results in higher rates of CHD,
primarily through its effects on diastolic blood
pressure, LDL and HDL cholesterol, and di-
abetes.1 The resulting relative risk of death from
any cause attributable to obesity in our model
was not statistically different from those reported
in previous studies, such as Flegal et al.15

Assumptions About Future

Treatment Policies

We modeled 4 medical treatment policies,
or settings, in which treatments for CHD risk
factors and for hyperglycemia became pro-
gressively more intensive. In these analyses,
hypertension was treated with chlorthalidone;
additional treatment of diabetic patients in-
cluded angiotensin-converting enzyme inhibi-
tors.16–18 Hyperlipidemia (elevated LDL choles-
terol) was treated with statins.18–21 Glycemic
control for diabetic patients was achieved with
insulin and oral antiglycemic agents.21,22

The costs and effectiveness of statin and
glycemic treatments were estimated from ran-
domized controlled trial data.16–18,21–24 The
costs of these medical treatments included the
costs of professional visits, blood draws, labora-
tory tests and evaluations, and side effects.
However, we assumed that all diagnoses of
hypertension, hyperglycemia, and diabetes
would be made at routine periodic visits to health
care providers at no additional cost.

Direct and Indirect Costs

We divided economic costs into direct
medical costs and indirect costs resulting from
loss of productivity stemming from morbidity
and premature mortality. The annual cost of
health care by chronic condition and normal
weight are shown in Table1. (Other parameters
used in the simulation are in Tables A–C,

available as a supplement to the online version
of this article at http://www.ajph.org.) We
reported all costs in 2007 US dollars. Future
costs were discounted at 3% annually, with
2007 as the baseline year.

Total CHD health care costs were estimated
in 2007 dollars by the method of Hodgson and
Cohen.25,26 We used data from the Medical
Expenditure Panel Survey27 to estimate the
proportion of expenditures attributable to CHD
and applied that estimate to aggregate national
data.28 We estimated the inpatient CHD cost
component with California data,29 deflated first
with California hospital-specific cost-to-charge
ratios and then with the ratios30 of the US
national average cost per patient admission to
California’s average cost per patient admission.31

We used 2 estimates for non-CHD costs. The
base case used disease- and condition-specific
estimates for obesity32 and diabetes33 from
national survey data. A sensitivity analysis used
non-CHD mortality and the distribution of non-
CHD mortality risk factors (e.g., blood pressure,
smoking, diabetes) to estimate non-CHD costs.1

Indirect costs were defined as the social
value of lost productivity attributable to earlier
mortality and morbidity as a result of excess
obesity and associated CHD and diabetes. In-
direct costs attributable to morbidity were lost
work because of sick and disability leave, early
long-term disability, and other early retirement
and lost workdays caused by illness. We used

employee compensation to measure the value
of lost productivity; household production
was excluded, following the definition of pro-
ductivity used for the US national income and
product accounts.34 The value of employee
compensation was measured by median annual
age- and gender-specific compensation for full-
and part-time employees, including money
wage35,36 and other employee benefits.37 We
calculated the value of employee benefits from
the money wage by adjusting for the proportion
of total compensation derived from money in-
come. Median wage served as a measure of per-
person money compensation because obesity is
concentrated at the lower end of the income
distribution,38,39 and we considered the median
to be a better measure of central tendency. In
the base case, no productivity growth was as-
sumed to occur between 2007 and 2050. An
alternative case assumed a long-run annual pro-
ductivity growth rate of 1.98%.40

We were unable to find published estimates
for absence from work because of obesity,
diabetes, and CHD simultaneously adjusted for
diabetes and CHD. Therefore, we calculated
overall indirect costs resulting from obesity and
associated comorbidities; we then subtracted
indirect costs attributable to diabetes and CHD
from the total obesity costs. The indirect costs
of diabetes were adjusted for presence of
obesity and absence of CHD. We calculated the
indirect costs of CHD with the assumption

TABLE 1—Estimated Annual Excess Health Care Costs Of Chronic Conditions and Total Cost

of Normal Weight Individuals: United States, 2020–2050

Excess Costs, Chronic Conditionsa

Total Cost,

Normal Weight,a $Age, y Obesity, $ Diabetes, $ CHD, $

Men

35–44 219 3690 12 482 2 979

45–54 213 4914 15 206 4 230

55–64 215 4914 14 857 6 546

65–74 531 9229 11 538 9 293

Women

35–44 219 3690 11 926 4 432

45–54 213 4914 16 687 5 719

55–64 215 4914 18 137 8 159

65–74 531 9229 15 302 11 310

Note. CHD = cardiovascular disease. Direct health care costs, expressed as 2007 dollars.
aCost per year per person; includes all costs of treatment.
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that these costs were driven by clinical events.
For settings with aggressive glycemic control in
diabetic patients, we adjusted indirect diabetes
costs for treatments that included aggressive
glycemic control, with the same proportional
reduction in CHD events attributable to treat-
ment.

Mortality costs, which were annual flow
costs that measured the difference in produc-
tion attributable to differences in alternative
employed populations over the 2020 to 2050
simulation, were equal to the difference in
annual population multiplied by the age- and
gender-specific employment population ra-
tios41 multiplied by the median wage by age and
10-year age category.35,36 We estimated mor-
bidity-related productivity losses by the reduc-
tion in probability of employment attributable to
the diseases among working adults with obe-
sity42 (adjusted for sociodemographic character-
istics, health behaviors, and absence of diabetes)
and diabetes43 (adjusted for sociodemographic
characteristics and health behaviors). We calcu-
lated workdays lost among the employed attrib-
utable to obesity44 and diabetes33,45 by the same
method, except that the workdays lost were mul-
tiplied by the employment-to-population ratio.

The difference in the probability of em-
ployment among the obese is sensitive to the
distribution of BMI and resulting differential
rates of diabetes.46 We did not model the
distribution of BMI among the obese. Therefore,
for the main analysis, we used a conservative
approach and adjusted overall indirect costs of
obesity to exclude the effects of diabetes46,47;
that is, we assumed that published estimates of
differential employment by BMI included effects
of diabetes among the obese, and we estimated
the net loss of employment caused by obesity
as being equal to the difference between obese
persons without diabetes and their nonobese
counterparts. A low-cost case incorporated sim-
ilar assumptions but adjusted for both diabetes
and CHD46,47 (i.e., assumed that the probability
of employment and lost workdays for all obese
persons was equal to that for nondiabetic obese
without CHD). A high-cost case used published
estimates with no adjustments for diabetes or
CHD. A final sensitivity analysis estimated in-
direct costs by summing the subtotals for CHD,
diabetes adjusted for the presence of obesity and
absence of CHD, and obesity adjusted for no
diabetes or obesity.

Both the probability of employment and
workdays lost because of diabetes were ad-
justed for presence of obesity and absence of
CHD according to observational data.45,46 For
CHD, we assumed the average loss of employ-
ment to be 63%, the rate of not returning to
work among workers after a myocardial infarc-
tion, angina, or other diagnosed CHD.48–51 This
overall rate was adjusted by age and gender
with odds ratios for the probability of employ-
ment among enrollees in cardiac rehabilitation
programs.52 We could not find data for esti-
mating lost workdays caused by CHD among
those still employed, so we omitted this indirect
cost.

Simulation Design

The simulations compared 2 adult popula-
tions aged 35 to 64 years, from 2020 to 2050,
that were identical except for the prevalence of
obesity that would result from the prevalence
of adolescent overweight in 2000. In 1 pop-
ulation, the current overweight adolescents
were projected to increase the number of obese
adults; in the alternative case, they did not.
Further details are described in our previous
work.1 We compared the costs of the increased
adult obesity with our 4 treatment settings.

Setting 1. Historical treatment protocols ob-
served around 2000 continue into the future
(the base case). We simulated the prevalence
and costs under an assumption that treatment
protocols and the resulting distribution of
cardiovascular risk factors as a function of the
distribution of adult BMI that existed in 2000
would continue through 2050. We assumed
that additional obesity was linked to a less
favorable distribution of blood pressure, LDL
and HDL cholesterol, and diabetes.

Setting 2. Population-based primary preven-
tion of cardiovascular risk factors through drug
treatment is adopted. This hypothetical pro-
gram would consist of treatments to lower
diastolic blood pressure and LDL cholesterol
for all adults, whether obese or not, treating
diastolic blood pressure over 90 mmHg
(treatment mean diastolic blood pressure re-
duced by 8.6 mmHg) with chlorthalidone, and
LDL over 160 mg/dL (relative reduction in
LDL of 27%) with low-potency statins.

Setting 3. Treatment such as that in setting 2,
plus more aggressive regimens, is adopted.
Diabetic patients with elevated diastolic blood

pressure would be treated with chlorothali-
done and angiotensin-converting enzyme in-
hibitors to reach a target of 80 mmHg. Treat-
ment of hyperlipidemia in diabetic patients
would be more aggressive: high-potency statins
to be given for LDL over 130 mg/dL, assuming
a relative reduction in LDL of 54%, and low-
potency statins to be prescribed for LDL
between 100 mg/dL and 130 mg/dL.

Setting 4. Treatment such as that in setting 3,
plus glycemic control, is adopted. Diabetic
patients would receive insulin or oral glycemic
agents or both. Trials of tight glycemic control
in diabetic patients have demonstrated bene-
fit for non-CHD outcomes in the United King-
dom Prospective Diabetes Study, but the ben-
eficial effects on CHD outcomes were not
statistically significant. For purposes of this
aggressive treatment setting, we optimistically
assumed that glycemic control reduced both
CHD and non-CHD events by 13%.18,21–24

For each year between 2020 and 2050, we
estimated the excess number of 4 mutually
exclusive states: life-years lost because of death,
prevalent CHD, prevalent diabetes without
CHD, and prevalent obesity without CHD or
diabetes. We applied our estimates for direct
medical costs (events and treatments) and in-
direct economic costs to these states each year.

RESULTS

In treatment setting 1 (base case), current
adolescent overweight is projected to increase
the excess prevalence of total adult obesity
resulting from adolescent overweight from
330000 in 2020 to more than 9700000 in
2050. The number of additional obese indi-
viduals with CHD is estimated to increase to
540000 by 2050, 5.6% of the total of excess
obese persons. The number of excess diabetic
patients without CHD is projected to increase
to 680000, representing 7.0% of the excess
obese individuals (Figure 1a).

This excess future obesity is projected to
increase mortality: the total adult population
would be reduced by 165000 persons by
2050. A cumulative total of 1.48 million life-
years are projected to be lost between 2020
and 2050; 161 million healthy life-years in the
population would be replaced by life-years
with obesity; approximately 5.5 million of
those life-years are projected to be lived with
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CHD and 9.4 million with diabetes without
CHD (Table 2).

Excess annual undiscounted attributable di-
rect medical costs are estimated to increase
from approximately $130 million in 2020 to
$10 billion in 2050, with annual indirect costs
of lost productivity rising from $942 million in
2020 to $36 billion in 2050. The cumulative
discounted direct, indirect, and total costs
between 2020 and 2050 are projected to be
$46 billion, $208 billion, and $254 billion,

respectively. The cumulative undiscounted
costs are projected to be $125 billion, $544
billion, and $669 billion, respectively (Table 3).
Most of the projected economic burden consists
of indirect costs from lost productivity caused
by premature death or absence from work,
with direct health care costs accounting for only
12% to 21% of the total economic burden
(Figure 1b).

The economic burden of future obesity
resulting from current adolescent overweight is

projected to affect both young and middle-aged
adults. Even adults aged 35 to 44 years can
be expected to experience economic loss from
the excess morbidity and mortality attributable
to obesity, with 83% of this cost coming from
lost wages attributable to morbidity. The per-
centage of the economic cost attributable to
direct health care costs and premature mortal-
ity (rather than to indirect costs of morbidity) is
projected to increase from approximately 17%
in adults aged 35 to 44 years in 2020 to

Note. Discounted to 2007 dollars at 3% per year.

FIGURE 1—The effect of increased adolescent overweight on future (a) excess obesity, diabetes, cardiovascular heart disease (CHD), and years

of lost life and (b) total discounted direct and indirect costs: United States, 2020–2050.
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a percentage of attributable direct costs of ap-
proximately 58% in men and 41% in women
aged 55 to 64 years in 2050, because of a
higher incidence of major CHD events with age.

Treatment with currently available therapies
for hypertension, hyperlipidemia, and glycemic
control would reduce the excess morbidity
and mortality resulting from the projected in-
crease in future obesity (Table 2), but even the
most aggressive treatment (setting 4) is esti-
mated to reduce excess mortality by only 28%,
from 1.48 to 1.06 million life-years lost. In
this setting, the projected number of life-years
with CHD would be reduced by 38% (from 5.5
to 3.4 million). Treatment settings 2 and 3
are projected to yield smaller benefits.

Discounted direct medical costs in treatment
settings 2 to 4 are estimated to increase by18%
to 31% over the base case costs (setting 1);
indirect costs are estimated to decrease by only
2% to 4%. The total economic costs in all 3
treatment settings are projected to increase
over the base case; the most aggressive treat-
ment strategy (setting 4) would increase by
approximately 3% (from $254 billion to $261
billion).

The sensitivity analysis with alternative non-
CHD direct medical cost estimates reduced

total costs slightly but did not materially change
the comparative costs of the 4 treatment
settings. In the sensitivity analysis that assumed
that long-run labor productivity trends will
continue to grow at a 1.98% rate per year, the
indirect costs of adolescent obesity approxi-
mately doubled. The low estimates of morbidity-
related indirect costs reduced indirect and total
costs by between 2% and 4%; the high esti-
mates increased obesity-related indirect, total
indirect, and total costs by approximately 34%,
22%, and 17%, respectively. The sensitivity
analysis that summed adjusted diabetes- and
obesity-related indirect costs increased dis-
counted indirect obesity costs by approximately
15% and total costs by 8%.

DISCUSSION

High rates of adolescent overweight are
projected to increase future adult obesity,
resulting in substantial future economic costs
and health burdens. The economic costs are
incurred primarily from lost productivity be-
cause a greater proportion of a young and
middle-aged working population will be pre-
maturely deceased or disabled from CHD,
diabetes, or other obesity-related morbidity.

Most of these costs cannot be avoided with
currently available medical therapies, even
according to the very optimistic assumptions in
our models. Prevention of excessive weight
gain in childhood and adolescence may be the
only effective way to reduce the prevalence of
serious chronic conditions and the resulting
economic costs.

The forecasted excess costs through 2050
are substantial compared with the total current
burden of obesity. Wolf and Colditz34 esti-
mated that the annual direct, indirect, and total
costs of obesity in 1995 were $82 billion, $64
billion, and $146 billion, respectively, in 2007
dollars. By 2050, the additional adult costs
attributable to current adolescent overweight are
projected to increase these direct costs by 10%
to 13% and the indirect costs by 45% to 55%.
The projected excess costs attributable to current
adolescent overweight alone will be more than
one third of the total costs of obesity in 1995.
The cumulative discounted costs of work loss
caused by obesity, according to the main and
sensitivity analyses, are estimated to be between
$196 billion and $254 billion.

Projections to 2050 cannot account for
future medical advances that may combat di-
abetes and obesity, but our simulations suggest
that these advances would need to be much
more cost effective than currently available
therapies to reverse the projected high future
burden of disease. Our projected rates of
obesity do not assume additional increasing
trends for weight gain in adults. We also as-
sume that the current rate of adolescent over-
weight will remain stable, which is consistent
with recent work suggesting no additional
increase in the prevalence of adolescent over-
weight from 1999 to 2006.53

Our results were conservative because we
used traditional national productivity and in-
come accounting methods to measure indirect
productivity costs that ignored real human
welfare costs of obesity, such as loss of house-
hold production, labor diverted into unpaid
caregiving for disabled and ill relatives, and
costs of pain and restricted activity resulting
from disability in nonwork activities. These
omitted costs included both the value of non-
market consumption activities lost (leisure
and household services) and the loss of human
and social capital formation attributable to
increased demands on informal caregivers and

TABLE 2—Projected Excess Mortality and Morbidity Attributable to Current Adolescent

Obesity: United States, 2020–2050

Mortality, 1 000

Life-Years Lost

Morbidity, 1 000 Life-Years

Treatment Setting CHD Diabetes Without CHD Obesity Onlya Totalb

Without additional treatments

(setting 1, base case)

1480 5500 9 390 146 000 161 000

Universal treatment of hypertension

and hyperlipidemia (setting 2)

1190 4210 9 780 148 000 162 000

Universal treatment of hypertension

and hyperlipidemia, plus lower targets

for patients with diabetes with these

risk factors (setting 3)

1090 3490 10 600 148 000 162 000

Universal treatment of hypertension and

hyperlipidemia, with lower targets for

patients with diabetes with these risk

factors, plus tight glycemic control for

diabetes (setting 4)

1060 3430 10 700 148 000 162 000

Note. CHD = cardiovascular disease.
aObesity without diabetes or CHD.
bMay not add up because of rounding.
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to disability in the chronically ill, from forgone
education, training, and work experience.

Our estimates of direct medical cost focused
on CHD and diabetes and may have under-
estimated other consequences of long-term,
continuous obesity starting in adolescence.
Examples of other conditions caused by obesity
are liver disease,54 pregnancy complications for
mother and child,55 several musculoskeletal
disorders,56 and complications from surgery and
in intensive care.57 Interactions have also been

found between obesity and development of
asthma,58 osteoarthritis,56,59 kidney disease,60

and severity of chronic obstructive pulmonary
disease.61,62 Obesity has many serious conse-
quences that increase costs and reduce popula-
tion health and quality of life that were not
included in these estimates.

Recent increases in adolescent overweight
will lead to enormous future costs, primarily
from productivity lost to premature death
and disability among adults. Preventing the

development of adolescent overweight as
well as implementing effective weight-loss
strategies for overweight adolescents before
they reach adulthood could yield significant
future savings in economic costs and popula-
tion health. j
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