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Background: Previous efforts to forecast future trends in obesity applied linear forecasts assuming
that the rise in obesity would continue unabated. However, evidence suggests that obesity prevalence
may be leveling off.

Purpose: This study presents estimates of adult obesity and severe obesity prevalence through 2030
based on nonlinear regression models. The forecasted results are then used to simulate the savings
that could be achieved through modestly successful obesity prevention efforts.

Methods: The study was conducted in 2009–2010 and used data from the 1990 through 2008
Behavioral Risk Factor Surveillance System (BRFSS). The analysis sample included nonpregnant
adults aged �18 years. The individual-level BRFSS variables were supplemented with state-level
variables from the U.S. Bureau of Labor Statistics, the American Chamber of Commerce Research
Association, and the Census of Retail Trade. Future obesity and severe obesity prevalence were
estimated through regression modeling by projecting trends in explanatory variables expected to
influence obesity prevalence.

Results: Linear time trend forecasts suggest that by 2030, 51% of the population will be obese. The
model estimates a much lower obesity prevalence of 42% and severe obesity prevalence of 11%. If
obesity were to remain at 2010 levels, the combined savings in medical expenditures over the next
2 decades would be $549.5 billion.

Conclusions: The study estimates a 33% increase in obesity prevalence and a 130% increase in
severe obesity prevalence over the next 2 decades. If these forecasts prove accurate, this will further
hinder efforts for healthcare cost containment.
(Am J Prev Med 2012;42(6):563–570) © 2012 Elsevier Inc
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Introduction

Obesity prevalence has increased dramatically
since the 1970s.1,2 According to the National
Health and Nutrition Examination Survey

(NHANES),2 obesity prevalence in 2007–2008 was
33.8%, representing a �100% increase from 1976–1980
and a 50% increase from 1988–1994.1 Since 2003–2004,
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besity prevalence might be leveling off for some adult
ubpopulations.2 Severe obesity was extremely rare be-
fore the early 1970s but has since increased faster than
obesity, with no evidence of slowing.3

Given the relationship between excess weight, poor
health, and high medical expenditures, successful cost-
containment efforts will need to address obesity. For
example, Thorpe et al.4 report that 27% of the rise in
inflation-adjusted medical expenditures between 1987
and 2001 was due to the rising prevalence and costs of
obesity. Finkelstein et al.5 estimate that costs of obesity
ay be as high as $147 billion per year, or roughly 9%
f annual medical expenditures.
The current paper forecasts future obesity and severe
besity prevalence over the next 20 years. The forecasted
esults are then used to simulate the savings that could be
chieved throughmodestly successful obesity prevention

fforts. All previous attempts to forecast future trends
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and costs of obesity6–9 used past obesity prevalence data
o predict linear future trends. For example, using data
rom the NHANES, Wang et al.6 projected that if histor-
cal trends continue linearly, by 2030, 51% of U.S. adults
ill be obese. However, this and other forecasts likely
verstate future obesity prevalence given the recent evi-
ence of slower growth.2

This analysis also uses past trends to predict future
obesity prevalence, but incorporates two improvements
over prior estimates. First, consistent with the recent data
showing slower obesity growth, the assumption of linear
trajectories in the future rise of obesity prevalence is
relaxed. Second, rather than relying solely on historical
obesity levels, the relationship between obesity and exog-
enous, state-level variables thought to influence obesity,
is estimated. Although this approach also necessitates
using past data to forecast future trends, it allows for a
better model fıt than a regression of linear time trends
alone and should produce more-accurate predictions of
future obesity prevalence and related healthcare costs.

Methods
Analysiswas conducted in 2009–2010, and the primary data source
was the 1990 through 2008 Behavioral Risk Factor Surveillance
System (BRFSS). BRFSS is a state-based, cross-sectional telephone
interview survey conducted by the CDC and state health depart-
ments. The survey is based on a multistage cluster design that uses
random-digit dialing to select samples that represent the civilian,
non-institutionalized adult population in each of the 50 states, the
District of Columbia, and three U.S. territories.
The present study used data from the 50 states and theDistrict of

Columbia. Self-reported height and weight were adjusted for self-
reporting error using measured and self-reported values of height
and weight from 1999–2000 NHANES data.10 Exclusion criteria
included subjects who reported a weight �500 pounds or a height
�7 feet or �3 feet, subjects who were missing data for height or
weight, subjectswhohadanadjustedBMI�10, andpregnantwomen.
he fınal sample included 3,475,103 adults aged �18 years. Table 1
eports sample sizes for selected years.
The study estimated two logistic regressions that predict the
robability that each individual is (1) obese (BMI �30) and
2) severely obese (BMI �40) as a function of individual-level
emographics and state-level variables that are hypothesized to
nfluence obesity11,12:

P �Obesijt � 1� � f �� � �1Zijt � �2Xjt � �3 � g �TIME� � �j� ,
(1)

here i indexed individuals, j was the state in which an individual
ived, and t was the interview year. Z was a set of individual-level
ariables, X was a set of state-level variables, TIME indicated the
ear in which the data were collected, g( · ) was a function ofTIME,

� was a set of state dummies, and f( · ) was the logit probability
function. All analyses accounted for the complex survey design of
BRFSS. Individual-level variables included gender, age, race/eth-
nicity, education, marital status, and annual household income.

Table 1 reports categories for these variables. p
State-level variables, chosen based on fındings from prior stud-
es,11–14 included annual unemployment rates; prices (in constant
2009 dollars) for alcohol, gas, and fast food; prices of groceries
relative to nongrocery items; prices of healthier foods relative to
less-healthy foods; access to the Internet; and number of fast-
food and full-service restaurants per 10,000 people. All of these
variables are posited to affect obesity prevalence through
changes in the costs and benefıts of obesity-related behaviors.
For example, changes in food prices affect obesity prevalence by influ-
encing foodconsumptionpatterns,whereaschanges ingaspricesreflect
the relative cost of active transportation.
Annual unemployment datawere obtained from theU.S. Bureau

of Labor Statistics (BLS). Prices of alcohol, gas, and food were
obtained from the American Chamber of Commerce Research
Association (ACCRA) cost-of-living index.15 The ACCRA data
alsowere used to construct three food-price indices: (1) price of fast
food; (2) price of groceries relative to nongrocery items; and
(3) price of healthier foods relative to less-healthy foods as a pro-
portion of a typical household market basket. Grocery items in-
cluded a list of 22 items typically purchased in grocery stores.
Nongrocery items included all other categories from the ACCRA
data (housing, utilities, transportation, and health care), excluding
miscellaneous items that also included some food categories.
This index allows for quantifying the influence on obesity

prevalence of relative changes in food to nonfood items. For the
relative food price index, healthier foods included fresh fruits
and vegetables and lean protein (ground beef, frying chicken,
chunk light tuna, potatoes, bananas, lettuce, cornflakes, sweet
peas, peaches, and frozen corn) and less-healthy foods included
fast food and high-sugar and high-fat foods (shortening, soft
drinks, hamburgers, pizza, and fried chicken). This index allows
for quantifying the effects of relative changes in healthy and
unhealthy food prices over time. The price indices were
weighted so the relative price indices represent the price of one
share of overall consumption to another share. The indices do
not compare prices per serving.
The number of fast-food and full-service restaurants (per 10,000

people) was obtained from the Census of Retail Trade. Defınitions
and additional details are included inAppendix A (available online
at www.ajpmonline.org). To account for changes in the defınitions
of alcohol price and the price of groceries relative to nongrocery
items in the ACCRAdata between 1999 and 2000, the analysis used
an indicator for how the years after 2000 interacted with the vari-
ables affected by this change.
Following Nonnemaker et al.,12 the basic specifıcation includes

tate-specifıc linear time trends (i.e., interactions between TIME
nd state dummies). In addition to the basic model, models with a
ingle national log time trend [ln(TIME–1980)] and state-specifıc
og time trends also were run. Goodness of fıt of each model was
easured using Akaike information criterion, Bayesian informa-

ion criterion, and pseudo-R2, which ranges from 0 to 1, with
igher values indicating better model fıt.
The ability of each model to generate out-of-sample forecasts

lso was assessed by dropping the last 5 years of data and compar-
ng the predicted obesity prevalence for those 5 years with the
ctual prevalence. On the basis of these criteria, the specifıcation
hat provided the best combination of fıt and plausible parameters
as one that included national linear and log time trends and
tate-specifıc linear time trends. Therefore, this was considered the

referred model specifıcation.
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To generate forecasts of fu-
tureobesityandsevereobesity
prevalence, a synthetic cohort
was constructed using the
2008 BRFSS data and U.S.
Census population projec-
tions.16 To account for popu-
ation increases, the 2008
RFSS sampling weights
ere adjusted by the ratio of
hepercentageofpeople inthe
orresponding gender/
ge/race/ethnicity/statecell in
he specifıed year to the per-
entage of people in the same
ell in 2008. This calculation
as repeated for each year
hrough 2030, and then the
oeffıcients from the two logit
odelsweremultipliedby the

ndividual-level data for each
earof thesyntheticcohortas-
uming that the state-level
ariables remained at their
008 levels.
The study also forecasted

uture obesity and severe obe-
ity rates using forecasts of
tate-level variables through
030. To generate forecasts
f the annual unemploy-
ent rate, actual BLS em-
loyment data for each
tate through 2010 were
sed and the rate in each
tate was linearly decreased
ntil it reached 5% in 2020.
eyond 2020, the assump-
ion was that each state
ould have 5% unemploy-
ent—the average histori-
al unemployment rate.
rojections for prices of
as, alcohol, fast food,
ealthier foods relative to
ess-healthy foods, grocer-
es relative to nongrocery
tems, and number of res-
aurants per 10,000 people
ere generated using a his-
orical lineartimetrend.Inter-
et access was forecasted us-
ngalogisticmodel.Appendix
(available online at www.

jpmonline.org) shows pre-
ictions for the state-level
ariables.
To gauge sensitivity of the

stimates, the results present
orecasts for a linear trend

Table 1. Descriptive statistic
otherwise noted

Obesity (BMI�30)

Unadjusted

Severe obesity (BMI�40)

Unadjusted

INDIVIDUAL-LEVEL DEMOGRAP

Gender

Male

Female

Age (years)

18–44

45–64

�65

Race/ethnicity

White (non-Hispanic)

Black (non-Hispanic)

Hispanic

Other race

Education

Less than high school

High school graduate

Some college

College graduate

Marital status

Single

Married

Widowed

Divorced

Annual household income ($)

�10,000

10,000–14,999

15,000–19,999

20,000–24,999

25,000–34,999

35,000–49,999

�50,000

Missing income data
onsistent with past studies

une 2012
s of the analysis sample, 1990, 2000, and 2008, % unless

1990 2000 2008

n�72,059 n�152,937 n�375,091

12.7 22.1 28.6

11.1 20.5 26.8

0.9 2.6 4.1

0.8 2.2 3.5

HIC CHARACTERISTICS

49.4 50.0 50.4

50.6 50.0 49.6

58.3 52.1 49.1

25.5 30.2 33.8

16.2 17.7 17.1

80.4 74.4 69.7

9.4 9.8 9.9

7.5 11.6 13.5

2.7 4.2 6.8

16.4 12.8 10.9

34.1 31.1 28.9

38.0 27.6 26.7

23.6 28.5 33.6

21.1 21.8 22.8

63.6 60.9 62.1

7.3 7.3 6.2

8.0 10.0 8.9

11.4 4.6 4.2

9.5 4.8 4.2

9.1 7.1 6.2

9.8 8.9 7.5

15.8 13.6 9.9

16.0 16.5 13.0

6.1 32.0 44.2

22.2 12.5 10.8
(continued on next page)
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and for the preferred model
specifıcation under three al-
ternatives: (1) holding all in-
dependent variables fıxed at
their2008 levelsbut forecast-
ing the time trend; (2) fore-
casting the individual-level
variables and time trend but
keeping the state-level vari-
ables fıxed at their 2008 lev-
els; and (3) forecasting all
independent variables. To
estimate savings that could
be achieved through mod-
estly successful obesity pre-
ventionefforts, reductions in
obesity-attributable medical
expenditures (from trend)
were estimated as resulting
from (1) modest reductions
in future forecasted obesity
prevalence, such as a 1 per-
centage point reduction in
each year’s forecasted rate;
(2)nogrowth inobesity after
2010; and (3) Healthy People 2010 goal obesity prevalence of 15%.
For each of these scenarios, the number of averted cases of

obesity was estimated by applying forecasted obesity prevalence
to the projected number of people from the census for that year
and then calculating the difference that would result if obesity
prevalence were at the new level. The averted cases of obesity
were then multiplied by the average annual medical costs attrib-
utable to obesity ($1429�$156).5 To account for growth in real
medical costs over time, real medical costs were assumed to
grow at an average annual rate of 3.6%.17,18 This approach
generates obesity-attributable savings in medical costs due to
lower-than-forecast obesity prevalence. However, it does not
take into account prevention or other costs that may be incurred
to generate the reductions in obesity prevalence or increased
costs that may result from longer life expectancies as a result of
a less-obese population.

Results
Descriptive statistics for the analysis sample in years 1990,
2000, and 2008 are presented in Table 1. Self-reported prev-
lence of obesity and severe obesity more than doubled
uring this 19-year period, increasing from 11.1% to 26.8%
nd from0.9% to 3.5%, respectively. The annual unemploy-
ent ratewas5.63%in1990,decreased to4.01%in2000,but

hen increased to 5.80% in 2008. The price of alcohol in-
reased from 1990 to 2000 (from $2.10 to $2.45 per ounce)
nd then decreased from2000 to 2008 (to $2.26). Therewas
slight increase in the price of gas from 1990 to 2000 (from
1.69 to $1.86 per gallon) and then a large increase in 2008
to $3.57). Fast-food prices remained relatively stable over
his period, ranging from$5.95permeal in1990 to$5.77per
eal in 2008. The index of prices for groceries relative to

Table 1. Descriptive statistic
otherwise noted (continued)

STATE-LEVEL CHARACTERISTIC

Annual unemployment rate

Prices ($)

Alcohol

Gas

Fast food

Groceries relative to nongro

Healthier foods relative to le

Number of restaurants (per 10

Internet access

Note: All values for 2000 and 200
(p�0.05). Prevalence of obesity an
the self-reporting bias. The unadjus
ongrocery items decreased from 0.53 in 1990 to 0.29 in
000but rose slightly to0.34 in2008.Areduction in the ratio
ndicates that groceries have become cheaper relative to
ongrocery items.
There was no change in the measure of the price of
ealthier foods relative to less-healthy foods in the mar-
et basket during this period. After a small reduction in
estaurants per 10,000 people between 1990 and 2000
from 14.2 to 12.1), restaurants increased to 22.9 restau-
ants per 10,000 people in 2008. The percentage of people
ith access to the Internet increased from 1% in 1990 to
5.6% in 2000 to 68.8% in 2008.
The individual-level variables in the logistic regres-

ions are consistent with expectations and results from
rior studies12 and are signifıcant (p�0.05) (Table 2).

Although the state-level variables are jointly signifı-
cant (p�0.05) in the obesity model, few of the variables
are signifıcant on their own. For the obesity specifıca-
tion, higher prices of healthier relative to less-healthy
foods in the market basket were associated with higher
odds of being obese (p�0.05), as was greater Internet
access (p�0.05). No associations were detected be-
tween any of the state-level variables and the probabil-
ity of being severely obese. Psuedo-R2 for Specifıca-
tions 1 and 2 are 0.040 and 0.059, respectively,
suggesting that much of the variation in weight across
individuals remains unexplained. Appendix C (avail-
able online at www.ajpomonline.org) reports coeffı-
cients of the time and state variables.
Forecasts basedona linear time trend suggest that 51%

of the population will be obese by 2030 (Table 3 and

the analysis sample, 1990, 2000, and 2008, % unless

1990 2000 2008

n�72,059 n�152,937 n�375,091

(SD)

5.63 (0.52) 4.01 (0.59) 5.80 (1.41)

2.10 (0.21) 2.45 (0.13) 2.26 (0.22)

1.69 (0.05) 1.86 (0.15) 3.57 (0.27)

5.95 (0.24) 5.82 (0.26) 5.77 (0.41)

items 0.53 (0.13) 0.29 (0.07) 0.34 (0.14)

ealthy foods 0.34 (0.03) 0.32 (0.02) 0.33 (0.03)

) 14.2 (3.6) 12.1 (2.71) 22.9 (34.52)

1.0 (0.00) 45.6 (0.03) 68.8 (0.07)

all variables except age, were significantly different from 1990 values
ere obesity is reported using height and weight measures adjusted for
revalence is based on self-reported height and weight measures.
s of

S, M

cery

ss-h

,000
Figure 1). The preferred-model specifıcation estimates a lower
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obesityprevalenceof 42%
in 2030, a 33% increase in
obesity prevalence over
the next 2 decades. Fore-
casts with independent
variablesfıxedat2008lev-
els show a prevalence of
40% in 2030, revealing
that the net effect of the
forecast changes in the in-
dividual- and state-level
variables is to increase
obesity prevalence by 2
percentage points more
thanwhatwouldhaveoc-
curredhadthesevariables
remained at their 2008
levels.
Forecasts for severe

obesity generate different
conclusions. The linear
forecast estimates that 9%
of the population will be
severely obese by 2030
(Figure 2). Thepreferred-
model specifıcation esti-
matesahigherprevalence
of 11%,which is 2.2 times
greater than the 2010
prevalence of 5%. Fixing
some or all of the inde-
pendent variables at their
2008 levels resulted in
slightly lower predictions
(9.9% in 2030).
Potential savings in

medical expenditures
frombendingtheobesity-
prevalence trajectory co-
ld be large. For example,
1 percentage point de-
rease from the predicted
rend based on the pre-
erred-model specifıca-
ionwouldleadto2.6mil-
ion fewer obese adults
n 2020 and 2.9 million
ewer obese adults in
030 (Appendix D, avail-
ble online at www.
ajpmonline.org). This
reduction from trend

Table 2. OR (95% CI) for obe

INDIVIDUAL-LEVEL DEMOGRAP

Gender

Male

Female

Age (years)

18–44

45–64

�65

Race/ethnicity

White (non-Hispanic)

Black (non-Hispanic)

Hispanic

Other

Education

Less than high school

High school graduate

Some college

College graduate

Marital status

Single

Married

Widowed

Divorced

Annual household income ($)

�10,000

10,000–14,999

15,000–19,999

20,000–24,999

25,000–34,999

35,000–49,999

�50,000

Missing income data

STATE-LEVEL CHARACTERISTIC

Annual unemployment rate

Prices

Alcohol

Interacted with post–Year
would reduce obesity-

une 2012
sity and severe obesity, from logistic regression analysis

Obesity
(BMI�30)

Severe obesity
(BMI�40)

HIC CHARACTERISTICS

1.10 (1.09, 1.11) 0.64 (0.62, 0.65)

1.00 1.00

1.00 1.00

1.46 (1.44, 1.47) 1.40 (1.36, 1.44)

0.89 (0.87, 0.9) 0.50 (0.47, 0.52)

1.00 1.00

1.85 (1.82, 1.88) 1.89 (1.83, 1.96)

1.18 (1.16, 1.21) 0.89 (0.84, 0.95)

0.67 (0.65, 0.68) 0.72 (0.68, 0.77)

1.11 (1.09, 1.13) 1.13 (1.09, 1.18)

1.00 1.00

0.98 (0.97, 1) 1.01 (0.99, 1.05)

0.71 (0.7, 0.72) 0.68 (0.65, 0.7)

1.00 1.00

1.39 (1.37, 1.41) 1.02 (0.99, 1.06)

1.36 (1.33, 1.39) 0.99 (0.93, 1.05)

1.28 (1.26, 1.31) 1.04 (1, 1.09)

1.32 (1.28, 1.35) 2.26 (2.15, 2.38)

1.27 (1.24, 1.3) 2.15 (2.03, 2.27)

1.21 (1.19, 1.24) 1.82 (1.73, 1.91)

1.16 (1.13, 1.18) 1.68 (1.61, 1.77)

1.12 (1.1, 1.14) 1.47 (1.4, 1.53)

1.11 (1.09, 1.13) 1.34 (1.29, 1.4)

1.00 1.00

0.87 (0.85, 0.88) 1.09 (1.04, 1.14)

S

1.00 (0.99, 1.01) 1.00 (0.98, 1.02)

1.01 (0.94, 1.09) 1.08 (0.89, 1.33)

2000 indicator 0.96 (0.88, 1.04) 0.79 (0.64, 0.98)
(continued on next page)
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attributable annual medical expenditures by $4.0 (�$0.5) bil-
lion in 2020 (in $2008) andby $4.7 (�$0.5) billion in 2030.
Over the next 2 decades, this 1 percentage point reduc-

tion from trend would reduce obesity-attributable medi-
cal expenditures by $84.9 (�$9.3) billion. If obesity prev-
alence were to remain at 2010 levels, the combined
obesity-attributable savings inmedical expenditures over

Table 2. OR (95% CI) for obesity and severe obesity, from
(continued)

Obes
(BMI�

Gas 1.02 (0.9

Fast food 0.98 (0.9

Groceries relative to nongrocery items 1.00 (0.8

Interacted with post–Year 2000 indicator 0.83 (0.6

Healthier foods relative to less healthy foods 1.45 (1.0

Number of restaurants 1.00 (1.0

Internet access 1.27 (1.1

Post–Year 2000 indicator 1.17 (0.9

Pseudo-R2 0.04

Note: The ORs were calculated using the logistic regression model pres
with the OR option in Stata, Version 9. Specifications included national l
linear time trends. 95% CIs are based on robust SEs that account for

Table 3. Projected prevalence of obesity and severe obes

2010 2015

OBESITY (BMI�30)

Linear trend 31.66 (31.34, 31.98) 36.43 (35.98, 3

Logit models

Holding all variables except
time trend fixed

30.27 (29.35, 31.2) 33.06 (31.11, 3

Predicted demographics
keeping state variables
fixed

30.23 (29.65, 30.81) 33.02 (31.22, 3

Extrapolating all variables 30.94 (29.93, 31.97) 34.47 (32.62, 3

SEVERE OBESITY (BMI�40)

Linear trend 4.77 (4.61, 4.93) 5.77 (5.54, 5.9

Logit models

Holding all variables except
time trend fixed

4.69 (4.21, 5.23) 5.92 (4.82, 7.2

Predicted demographics
keeping state variables
fixed

4.70 (4.37, 5.04) 5.93 (4.91, 7.1

Extrapolating all variables 4.93 (4.38, 5.54) 6.39 (5.27, 7.7
Note: 95% CIs for predictions are based on sampling variance only and do not acco
the next 2 decades
(when compared with
forecasts from the
present study) would
be $549.5 (�$60) bil-
lion (Appendix E,
available online at
www.ajpmonline.org).
Had obesity preva-
lence remained con-
stant at 15%, which
was the Healthy
People 2010 target for
obesity, obesity-
attributable medical
savingswouldhave to-
taled $1.9 trillion (Ap-
pendix F, available
online at www.
ajpmonline.org).

Discussion
The current study contributes to the literature on the
future prevalence and costs of obesity by moving be-
yond simple linear predictions and allowing the forecasts
to vary based on expected trends in both individual- and
state-level variables. With respect to obesity, the pres-

istic regression analysis

Severe obesity
(BMI�40)

5) 0.99 (0.92, 1.07)

2) 0.96 (0.87, 1.06)

4) 1.39 (0.78, 2.46)

8) 0.61 (0.31, 1.22)

2) 1.66 (0.73, 3.76)

0) 1.00 (1.00, 1.00)

5) 1.18 (0.84, 1.65)

6) 2.10 (1.17, 3.76)

0.059

in Equation 1. Logit models were run
and log time trends and state-specific
ering of observations within states.

% (95% CI)

Year

2020 2025 2030

41.19 (40.62, 41.76) 45.96 (45.26, 46.65) 50.72 (49.9, 51.55)

35.51 (32.1, 39.07) 37.66 (32.6, 43.01) 39.57 (32.73, 46.84)

35.46 (32.14, 38.93) 37.62 (32.62, 42.89) 39.53 (32.73, 46.74)

37.40 (34.35, 40.55) 39.93 (35.48, 44.56) 42.19 (36.18, 48.43)

6.76 (6.48, 7.05) 7.76 (7.41, 8.11) 8.76 (8.35, 9.17)

7.21 (5.12, 10.04) 8.52 (5.2, 13.58) 9.85 (5.12, 17.92)

7.21 (5.17, 9.94) 8.52 (5.24, 13.49) 9.85 (5.15, 17.84)

7.90 (5.86, 10.56) 9.47 (6.23, 14.1) 11.08 (6.4, 18.39)
log

ity
30)

9, 1.0

4, 1.0

1, 1.2

4, 1.0

5, 2.0

0, 1.0

1, 1.4

4, 1.4

0

ented
inear
ity,

6.87)

5.07)

4.87)

6.37)

9)

6)

4)

3)
unt for uncertainty in the future values of the explanatory variables.
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ent study estimates lower forecasts than those of prior
studies. These forecasts are more consistent with re-
cent NHANES data, suggesting a leveling off of obesity
for some subpopulations. The projections presented
here did not completely level off because BRFSS does
not show the same pattern as NHANES.19,20 These
projections were lower than prior studies largely be-
cause of the assumption that future trends in obesity
will follow a logarithmic, as opposed to a linear, trajec-
tory as inclusion of the available state-level variables
had only a small effect on the results. However, the
study still forecasts a 33% increase in the prevalence of
obesity over the next 2 decades.
For severe obesity, the current study forecasts a larger

increase in prevalence than that generated from a linear
trend. This result is consistent with data revealing that the
BMI distribution among adults is becoming more right-
skewed.2 Thus, these projections were based on data show-
ing higher historical growth for the severely obese sub-
sample. Further, the severe-obesity prevalence could have
been closer to the steeply sloped region to the left of the
logistic sigmoid curve. The severe-obesity results are con-
cerning, given the nonlinear relationship between excess
weight and adverse health outcomes. Those with a BMI
higher than 40 are at much greater risk for diabetes and
other medical conditions than those with a BMI between
30and35.21,22Theyalsohaveamuchshorter life expectancy
andgenerategreater lifetimemedical costs,23 suggesting that
uture healthcare costs may continue to increase even if
besity prevalence levels off.
This analysis has several limitations. The projections as-

ume that logistic regressionparameters and costs frompast
ata will continue to hold in the future. BRFSS excludes
eople who do not have land-line telephones; wireless-only
ouseholds are likely to be different from the general popu-
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Figure 1. Actual and predicted prevalence of obesity (BMI
30)
ation, although the effect of this bias is unclear.24

une 2012
Another limitation of BRFSS is the reliance on self-
reported height and weight. Although under-reporting
was adjusted for using 1999–2000 NHANES data, the
midpoint of the BRFSS panel, this correction under-
predicts measured 2008 obesity prevalence. This results
from differences in self-reporting bias between BRFSS
and NHANES.
Although this bias may make predictions presented

here conservative, it will not change the shape of the
forecasts or the estimated medical savings resulting from
successful obesity prevention efforts. Obesity-attribut-
able medical expenditures are attributable to obesity, its
causes and consequences. SEs do not take into account
uncertainty in the future values of the explanatory vari-
ables. To gauge uncertainty around these variables, the
study presented obesity forecasts under the assumption
that they maintain their 2008 values and based on their
predicted values. Applying state-level variables with po-
tentially large local variability and imputing city-based
ACCRA variables to the state level likely generated sub-
stantial measurement error, which would tend to bias the
estimates toward 1 (equal ORs). Moreover, state-level
variables used in the present study are limited by the
available data.
Yet partly as a result of the obesity epidemic, other

variables, such as increased access to recreational facili-
ties, improvements in urban design, anti-obesity social
marketing programs, worksite health promotion pro-
grams, new drugs and technologies, and others are
changing in ways that could slow obesity growth even
further than these forecasts predict. Finally, although
these forecasts focused on adults, future trends in child-
hood obesity prevalence will have a major impact on
adult obesity prevalence and related healthcare costs,
given the high degree of tracking or stability of excess
weight from childhood into adulthood.25
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Figure 2. Actual and predicted prevalence of severe obe-
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Conclusion
Given themany caveats listed in the preceding paragraph, the
current study forecasts a 33% increase in the prevalence of
obesity over the next 2 decades based on extrapolating prior
available data and assuming these trends continue into the
future. If these forecasts prove accurate, thiswill further hinder
effortsforhealthcarecostcontainment.Yetsuccessful interven-
tions that generate even small improvements in obesity preva-
lence, including thosenoted in theprecedingparagraph, could
result in substantial savings.
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Appendix

Supplementary data

Supplementary data associatedwith this article can be found, in the

online version, at doi:10.1016/j.amepre.2011.10.026.
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