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Objectives. This study estimated
the lifetime health and eeonomie bene-
fits of sustained modest weight loss
among obese persons.

Methods. We developed a dynamic
model of the relationship between body
mass index (BMI) and the risks and
costs of 5 obesity-related diseases:
hypertension, hypereholesterolemia,
type 2 diabetes, coronary heart disease
(CHD), and stroke. We then calculated
the lifetime health and eeonomie bene-
fits of a sustained 10% reduction in
body weight for men and women aged
35 to 64 years with mild, moderate, and
severe obesity.

Results. Depending on age, gender,
and initial BMI, a sustained 10% weight
loss would (1) reduce the expected num-
ber of years of life with hypertension,
hypereholesterolemia, and type 2 dia-
betes by 1.2 to 2.9,0.3 to 0.8, and 0.5 to
1.7, respectively; (2) reduce the expected
lifetime incidence of CHD and stroke by
12 to 38 cases per 1000 and 1 to 13 eases
per 1000, respectively; (3) increase life
expectancy by 2 to 7 months; and (4)
reduce expected lifetime medical care
costs of these 5 diseases by S2200 to
$5300.

Conclusions. Sustained modest
weight loss among obese persons would
yield substantial health and eeonomie
benefits. {Am J Public Health. 1999;
89:1536-1542)
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The prevalence of obesity in the United
States has increased significantly in recent
years, from 25.4% for the period 1976 to
1980 to 35.2% for the period 1988 to 1994.'
This trend may have far-reaching conse-
quences, as obesity plays an important etio-
logic role in a variety of diseases, including
hypertension, type 2 diabetes, coronary heart
disease (CHD), and stroke.̂  In the Nurses'
Health Study,̂  for example, relative risks of
type 2 diabetes were reported to be 40.3,
54.0, and 93.2 among women with body
mass indexes (BMIs; weight in kilograms
divided by the square of the height in meters)
of 31 to 32.9 kg/m^ 33 to 34.9 kgW, and
35 kg/m^ and more, respeetively, relative to
those with BMs of less than 22 kg/m^ In the
Health Professionals Follow-Up Study, mildly
obese men (BMI = 25-28.9 kgW) were
reported to have a 50% higher risk of CHD
than men with BMIs of less than 23 kg/m ;̂
moderate obesity (BMI = 29-32.9 kg/m^)
and severe obesity (BMI> 33 kg/m^) were
associated with a nearly 2-fold and more than
3-fold increase, respectively, in risk of CHD.''

Fortimately, there is mounting evidence
that these risks can be reversed. Weight loss
has been reported to improve blood pressure,
lipid levels, and glucose tolerance among
overweight persons with hypertension, dys-
lipidemia, and diabetes, respeetively.^"'' It
also has been found to reduce medication
requirements among both hypertensive and
diabetic patients.''^''^ While weight loss
yields important benefits, recidivism is inor-
dinately high. On average, two thirds of the
weight that is lost by patients who eomplete
weight-loss programs is regained within
1 year, and almost all of it is regained within
5 years.'"*

The high rate of reeidivism following
weight loss may be due in part to recently dis-
eovered genetie factors that determine obe-
sity status and to complex biochemieal sys-
tems that tend to maintain body weight.'^""

These findings have led to the conceptualiza-
tion of obesity as a chronic disease condition
rather than a problem caused by overeating,
inadequate physical activity, and lack of
willpower. As such, obesity may require life-
long treatment, as with other ehronie dis-
eases. While the etiologic role of obesity in
various disease conditions might lead one to
suspect that the lifetime health and economic
benefits of such therapy would be substantial,
data are in fact limited on the long-term eon-
sequences of intentional weight loss among
obese persons. Although consideration has
been given to the lifetime health and eco-
nomic benefits of modifying other risk fac-
tors, such as cigarette smoking and elevated
cholesterol levels,'*"^" no sueh analysis has
been performed for weight loss.

In this study, we consider the expected
lifetime health and eeonomie benefits of
weight loss among persons who are obese,
using a dynamic model of the relationship
between BMI and the risks and eosts of
hypertension, hypereholesterolemia, type 2
diabetes, CHD, and stroke. These 5 dis-
eases (and their sequelae, sueh as end-stage
renal disease resulting from type 2 dia-
betes) have been reported to account for
approximately 85% of total obesify-attrib-
utable medical care costs, which totaled
$45.8 billion in 1990.̂ ' We focus attention
on the benefits of sustained modest (i.e.,
10%) weight loss among men and women
aged 35 to 64 years with initial BMIs of
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Stage 1
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Note. BMI = body mass index; CHD = coronary heart disease.

FIGURE 1—Illustration of cost-of-obesity model.

21.5 kg/m^ 32.5 kgW, and 37.5 kg/m^
(representing mild, moderate, and severe
obesity, respectively).

Methods

Description of Model

Our analysis is based on a dynamic
model of the relationship between BMI and
5 diseases for which obesity is an established
risk factor: hypertension, hypercholes-
terolemia, type 2 diabetes, CHD, and stroke.
The model is composed of a set of interre-
lated equations that estimate the lifetime risks
and costs of these diseases for men and
women in relation to current age and BMI; it
is similar to models previously employed by
2 ofthe authors in analyses ofthe benefits of
smoking cessation'^" and by 1 ofthe authors
in an analysis ofthe consequences of choles-
terol reduction.^"

Because some ofthe diseases for which
obesity is a risk factor—namely, hyperten-
sion, hypercholesterolemia, and type 2 dia-
betes—are themselves risk factors for CHD
and stroke, our model is structured in 2 stages
to embody the complex nature of these rela-
tionships (Figure 1). In stage 1, we generate
predicted risks of hypertension, hypercholes-
terolemia, and type 2 diabetes for men and
women, respectively, in each future year of
life in relation to BMI. In stage 2, we esti-
mate the risks of CHD and stroke during each
future year of life on the basis of BMI and the
predicted risks of hypertension, hypercholes-
terolemia, and type 2 diabetes from the first
stage ofthe model. Our analysis therefore
reflects obesity's direct effects on future car-
diovascular disease risks as well as its indi-
rect effects on these risks as a result of
changes in blood pressure, serum cholesterol,
and glucose metabolism.

Expected medical care costs are gener-
ated and tallied in both stages ofthe model.

In the first stage, the expected costs of hyper-
tension, hypercholesterolemia, and type 2
diabetes in each future year of life are calcu-
lated on the basis of the estimated risks of
these diseases and corresponding estimates
of medical care costs; to avoid double-count-
ing, costs of cardiovascular disease (e.g.,
heart attack, stroke) attributable to these 3
diseases are not included in this stage. In the
second stage, the expected costs of CHD and
stroke in each future year of life are calcu-
lated in similar fashion on the basis of fijture
risks of these diseases and their associated
medical care costs. The perspective of our
analysis was societal.

In our calculations, we hold BMI con-
stant at its initial value as we "age" persons
over time; all other risk factors are adjusted to
age-appropriate values. Our model accord-
ingly generates a stream of annual BMI-spe-
cific disease risks and economic costs run-
ning from current age to 99 years of age. We
translate this lifetime stream of costs into a
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summary measure of economic burden by
discounting and summing these annual esti-
mates, after adjusting for the probability that
persons would survive to each future year.

In our model, we conservatively assume
that all obesity-attributable mortality arises as
a result of elevated risks of CHD and stroke;
hence, we assume that persons can die of
CHD, stroke, or causes unrelated to these dis-
eases, but not directly of any other complica-
tions of hypertension, hypereholesterolemia,
or type 2 diabetes (e.g., kidney disease). The
probability of survival to any given future age
is therefore calculated as the sum of 3 condi-
tional probabilities: (1) survival given prior
onset of CHD, (2) survival given prior onset
of stroke, and (3) survival free of these dis-
eases. Life expectancies are calculated as
customary by summing annual probabili-
ties of survival, from current age through
99 years of age.

To estimate the effects of sustained
weight loss, we assume that obese persons of
any given age and sex who reduce their BMI
as a result of intervention adopt the risk char-
acteristics of those who are at that lower level
naturally. Thus, for example, a 45-year-old
man with an initial BMI of 30 kg/m^who
reduces his body weight by 10% is assumed
to adopt the risk profile of another man of the
same age whose naturally occurring BMI is
27 kg/m^ (i.e., 30 k g W minus 10%). For
modeling simplicity, we assume that the ben-
efits of weight loss accrue immediately and
that postintervention BMI would be main-
tained throughout all the remaining years of
life.

A technical appendix that sets forth all
model equations is available fî om the authors
upon request.

Estimation of Model

We estimated our model by using data
from a variety of secondary sources, which
we describe in detail below. All costs were
estimated at 1996 price levels; the Medical
Care Component of the Consumer Price
Index for All Urban Consumers was used to
adjust prices, where necessary. Future costs
were discounted on the basis of a real annual
rate of 3%, consistent with recommenda-
tions of the US Publie Health Serviee Task
Force on Cost-Effectiveness in Health and
Medicine.^^

Stage 1: Risks of Hypertension,
Hypereholesterolemia, and
Type 2 Diabetes

We used data from the Third National
Health and Nutrition Examination Survey
(NHANES III)" to estimate risks of hyper-

tension, hypereholesterolemia, and type 2 dia-
betes (as well as mean levels of diastolic
blood pressure and total serum cholesterol)
for men and women, respectively, in relation
to age and BMI. NHANES III was a large
national survey designed to obtain informa-
tion on the health and nutritional status of the
US population through interviews and phys-
ical examinations. The variables of interest
were expressed as a function of age, age
squared, and BMI, and techniques of regres-
sion analysis (logistic for diehotomous mea-
sures, linear for continuous measures) were
employed to estimate these equations sepa-
rately for men and women with data from
NHANES III. We then used the estimated
P coefficients of these regressions to predict
mean values of the variables of interest in each
age-sex-BMI stratum. Beeause of sample
size limitations, we limited our attention to
persons aged 35 to 84 years. In the model, we
accordingly assumed that the risks of hyper-
tension, hypereholesterolemia, and type 2 dia-
betes would remain constant at levels prevail-
ing at 84 years of age throughout all remaining
years of life (i.e., to 99 years of age).

To estimate the risk of hypertension, we
considered NHANES III survey respondents
to have hypertension if (1) their mean dias-
tolic blood pressure was more than 90 mm
Hg, (2) their mean systolic blood pressure
was more than 160 mm Hg, or (3) they
responded yes to a question eoneeming cur-
rent use of drug therapy to control their blood
pressure. To estimate the risk of elevated
serum cholesterol, we similarly considered
survey respondents to have hypereholes-
terolemia if (1) their total cholesterol level
was higher than 240 mg/dL or (2) they
responded yes to a question concerning cur-
rent use of drug therapy to reduce their cho-
lesterol level. In NHANES III, blood pres-
sure was measured up to 6 times; we used the
average of all available readings for both sys-
tolie and diastolic blood pressure. Since treat-
ment eould mask the true biologic relation-
ships between BMI and both blood pressure
and total cholesterol level, we excluded per-
sons who were receiving antihypertensive or
cholesterol-lowering medications from these
analyses.

In NHANES III, persons with diabetes
were not specifically identified as having
type 2 or type 1 diabetes. We considered all
persons (other than those with gestational dia-
betes) who reported that they had diabetes to
have type 2 diabetes if (1) they were 30 years or
older at onset, or (2) they were 19 to 29 years
of age at onset and were not taking insulin,
or (3) they were 19 to 29 years of age at onset
and were currently taking insulin but did not
begin taking insulin for at least 12 months
following disease onset.^''

Stage 1: Costs of Hypertension,
Hypereholesterolemia, and
Type 2 Diabetes

We estimated the annual cost of treating
patients with hypertension ($670) by averag-
ing the costs of pharmacological therapy and
provider serviees in the first, second, and all
subsequent years following diagnosis, as
reported by Odell and Gregory.^^ Unpub-
lished data from NHANES III indicate that
80.9% of all persons with elevated blood
pressure receive antihypertensive therapy.^''
In the model, we accordingly estimated that
the expected annual cost of each case of
hypertension was $542 (or 80.9% of $670).

Our estimate of the annual cost of treat-
ing patients with hypereholesterolemia (S705)
was based on a recent study reported by Oster
and colleagues.^' Unpublished data from
NHANES m indicate that only 22.0% of all
persons with hypereholesterolemia receive
cholesterol-lowering medications." In the
model, we therefore assumed that the expected
annual eost of each ease of hypereholes-
terolemia would be $155 (or 22.0% of $705).

Age- and sex-speeifie estimates of the
eosts of type 2 diabetes were derived from a
study reported by Huse and colleagues.'^'
Costs of hospital eare, physician eare, nurs-
ing home eare, drugs, and other professional
serviees associated with type 2 diabetes, as
well as those associated with type 2 dia-
betes-indueed atheroselerosis, blindness,
glaucoma, eataraet, and end-stage renal dis-
ease, were ineluded in this estimate; diabetes-
attributable eosts of CHD and stroke were
excluded to avoid double-eounting. The
annual eosts of type 2 diabetes for men aged
35 to 64 years and 65 to 99 years were $2025
and $2806, respectively. Corresponding esti-
mates for women were $2374 and $4454.

Stage 2: Risks of CHD, Stroke, and
Mortality

We used data from the Framingham
Heart Study to estimate the risks of CFID and
stroke for men and women in relation to age,
BMI, and other risk faetors. Initiated in
1948, the Framingham Heart Study has fol-
lowed a cohort of more than 5000 men and
women 30 to 62 years of age at study entry
(as well as their offspring) to doeument the
risk faetors for eardiovaseular disease.

Using data from the Framingham Heart
Study, we estimated logistic functions to pre-
dict the risks of CHD and stroke over 2 years
as a function of age, age squared, BMI, dias-
tolie blood pressure, total cholesterol level,
presence of type 2 diabetes, and eurrent
smoking habit. Separate logistic functions
were estimated for men and women aged
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35 to 64 years and 65 to 84 years; only pri-
mary events were considered. As in prior
research,'̂ ^ CHD was defined to include sud-
den death, nonsudden death, myocardial
infarction, unstable angina pectods, and sta-
ble angina pectods. Stroke included both
hemorrhagic and ischemic stroke. Logistic
functions were estimated from data for the
odginal cohort of Framingham Heart Study
participants; 2-year risks were halved to
approximate annual dsks.

Once these functions were estimated, we
used them to predict the dsks of CHD and
stroke among persons 35 to 84 years of age
on the basis of age, sex, BMI, and the corre-
sponding predicted values of diastolic blood
pressure, serum cholesterol level, and dsk of
type 2 diabetes (i.e., from stage 1). In the
absence of data for persons 85 to 99 years of
age, dsks of CHD and stroke were assumed
to be constant and invadant with respect to
BMI; we estimated these dsks by using the
logistic functions for persons 65 to 84 years
of age, setting age at 85 years and all other
risk factors at NHANES Ill-derived mean
population values for men and women
85 years and older. Since cigarette smoking
could have confounded our estimates of
CHD and stroke dsk, we estimated dsks for
nonsmokers only.

For both CHD and stroke, we assumed
that onset of disease would have an impact on
mortality only in the first 10 years following
onset; we assumed that thereafter mortality
rates would return to general population lev-
els. Mortality following CHD was estimated
fhom unpublished data fî om the CHD Policy
Research Institute (Karen Kuntz, ScD, wdt-
ten communication, August 1997); mortality
following stroke was estimated from the
results of a Rochester, Minn, study of sur-
vival after first cerebral infarction.^' In the
absence of data, mortality rates following
CHD or stroke for persons 85 to 99 years of
age were assumed to be equal to those of the
general population.

General population mortality rates for
men and women aged 35 to 84 years were
obtained from US Vital Statistics^"; rates for
persons aged 85 to 99 years were obtained
from the Social Security Administration
(unpublished data, 1997). For persons younger
than 85 years, age- and sex-specific mortality
rates from causes other than CHD or stroke
were estimated by subtracting CHD and
stroke mortality from general population
mortality rates for the US population.^"

Stage 2: Costs of CHD and Stroke

As with survival following onset of
CHD or stroke, we assumed that hoth of
these diseases would give dse to medical care

TABLE 1—Expected Years of Life° With Hypertension, Hypercholesteroiemia,
and Type 2 Diabetes Prior to Intervention and Expected Disease-
Years Averted Foliowing 10% Weight Loss, by Sex, Current Age, and
initiai Body iVIass index (BiVii)

Expected Years of Life With
cpv ^nr\ r * Disease/Disease-Years Averted, by Initial
^JwA CII I\J V

Age, y

IVlen
35^4
45-54
55-64

Women
35-44
45-54
55-64

Men
35-44
45-54
55-64

Women
35-44
45-54
55-64

Men
35-44
45-54
55-64

Women
35-44
45-54
55-64

27.5 kg/m^

\

12.0/2.0
10.4/1.7
8.2/1.2

15.9/2.1
14.7/1.9
12.7/1.5

32.5 kg/m^

Hypertension

15.9/2.6
13.5/2.0
10.4/1.5

19.9/2.6
18.1/2.2
15.2/1.6

iHyperchoiesterolemia

9.7/0.5
7.6/0.4
5.2/0.3

14.6/0.6
12.9/0.5
10.0/0.4

10.7/0.6
8.3/0.5
5.8/0.3

15.7/0.7
13.8/0.6
10.7/0.4

Type 2 Diabetes

3.0/0.7
2.8/0.6
2.4/0.5

3.7/0.7
3.4/0.6
3.0/0.6

^Among persons assumed initially free

4.6/1.1
4.3/1.0
3.6/0.8

5.3/1.1
4.9/1.0
4.2/0.9

of coronary heart disease and stroke.

BMi

37.5 kg/m^

19.8/2.9
16.3/2.1
12.4/1.4

23.7/2.9
21.0/2.2
17.2/1.4

11.7/0.7
9.0/0.5
6.2/0.4

16.7/0.8
14.6/0.6
11.3/0.4

6.7/1.7
6.3/1.5
5.2/1.2

7.5/1.7
6.8/1.5
5.8/1.2

costs over a pedod of 10 years (or up to age
99 years for events occurring after age 90
years). Age-at-onset-specific estimates of the
annual cost of CHD for men and women in
each of the 10 years following onset were
obtained from the CHD Policy Research
Institute (Karen Kuntz, ScD, wdtten commu-
nication, August 1997). These estimates rep-
resent a weighted average of the expected
costs of myocardial infarction, cardiac arrest,
and angina pectods, and they include costs
for hospital care, prescdption drugs, physi-
cian services, laboratory tests, and rehabilita-
tion services for the diagnosis and treatment
of acute myocardial infarction, coronary
revasculadzation, annual maintenance ther-
apy after acute myocardial infarction, cardiac
arrest (fatal or nonfatal), and congestive heart
failure. Estimates also include expected costs
of secondary events.

Estimates of the annual costs of stroke
were obtained from a study of the cost-effec-
tiveness of stroke prevention in high-risk
patients.^' First-year costs, amounting to
$12634, included costs for inpatient hospital
and professional services as well as inpatient
rehabilitation. Age-specific costs of stroke in

years 2 through 10 were obtained by annual-
izing the monthly costs of the following:
nursing home care; all visits to physicians,
physical therapists, and speech therapists;
home health care; and inpatient acute and
rehabilitation care for recurrent strokes.
These costs were estimated to be $3171,
$5356, and $9421 annually for persons aged
35 to 74 years, 75 to 84 years, and 85 years
and older, respectively.

Analyses

We used our model to examine the
effects of a sustained 10% reduction in body
weight on the following: expected years of
life with hypertension, hypereholester-
olemia, and type 2 diabetes; lifetime inci-
dence of CHD and stroke; life expectancy;
and lifetime medical care costs of these
5 diseases (in 1996 dollars, discounted at
3% annually). We estimated these measures
for men and women aged 35 to 44 years,
45 to 54 years, and 55 to 64 years with ini-
tial BMIs of 27.5 kg/m^ 32.5 kg/m^ and
37.5 kg/m^, representing persons with mild,
moderate, and severe obesity, respectively.
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TABLE 2—Expected Lifetime Number of Cases" of Coronary Heart Disease and
Stroke Prior to intervention and Expected Lifetime Number of Cases
Averted Foiiowing 10% Weight Loss, by Sex, Current Age, and initial
Body IMass index (BiVii) (Per 1000 Persons)

Expected Lifetime Number of Cases/Cases
s«v «nH r.Mrr»nt Per 1000 Persops, by Initial BMi

Age, y

Men
35-44
45-54
55-64

Women
35-44
45-54
55-64

Men
35-44
45-54
55-64

Women
35-44
45-54
55-64

27.5 kg/m^ 32.5 kg/m^

Coronary Heart Disease

385/19 426/28
380/17 418/26
354/12 379/17

287/18 325/26
286/18 324/26
271/16 304/23

Stroke

143/5 153/7
150/6 162/8
165/8 181/10

166/1 168/1
167/1 169/1
172/2 175/2

"Among persons assumed initialiy free of coronary heart disease and stroke

Averted

37.5 kg/m^

476/38
464/36
412/25

372/36
371/36
345/32

163/7
174/9
198/13

169/1
170/1
178/2

TABLE 3—Savings in Expected Lifetime iUedicai Care Costs" of Seiected
Obesity-Reiated Diseases,'
iViass index (BiUi)

Sex and Current
Age,y

Men
35-44
45-54
55-64

Women
35-44
45-54
55-64

Savings in

27.5 kg/m^

$2300
$2600
$2300

$2200
$2500
$2700

by Sex, Current Age, and initia Body

Lifetime Medical Care Costs, by Initial BMI°

32.5 kg/m^

$3500
$3800
$3500

$3300
$3700
$3800

"Among persons assumed initiaily free of coronary heart disease and stroke.
''Coronary heart disease
^in 1996 US dollars.

Stroke, hypertension, hyperchoiesterolemia, and type

37.5 kg/m^

$4900
$5300
$4800

$4600
$5100
$5200

2 diabetes.

Results

Years of Life With Hypertension, Hyper-
eholesterolemia, and Type 2 Diabetes

Expected years of life with hyperten-
sion, hypercholesteroiemia, and type 2 dia-
betes before intervention and the expected
niunbers of disease-years averted as a result
of a sustained 10% reduction in body weight
are presented in Table 1. Depending on cur-
rent age, sex, and initial BMI, weight loss
would reduce the expected number of years
of life with hypertension by 1.2 to 2.9 and the
expected number of years with type 2 dia-

betes by 0.5 to 1.7; estimated reductions for
hyperchoiesterolemia are more modest, rang-
ing from 0.3 to 0.8 years. Benefits are com-
parable for men and women.

Lifetime Risks of CHD and Stroke

Lifetime risks of CHD and stroke before
intervention and the expected reduction as a
result of a sustained 10% weight loss are pre-
sented in Table 2. Lifetime risks of CHD
decline by 12 to 38 cases per 1000, depend-
ing on current age, sex, and initial BMI;
reductions are comparable for men and
women and are slightly larger (absolutely as

well as relatively) among those who are
younger. Risk reductions for stroke are gen-
erally more modest, ranging from 1 to 13
cases per 1000, and are greater for men than
women.

Life Expectancy

Depending on current age and initial
BMI, a sustained 10% weight loss would
increase life expectancy by 2 to 7 months
among men and by 2 to 5 months among
women (data not presented). Estimated gains
in life expectancy are greatest for younger
persons and persons with the highest initial
BMIs.

Lifetime Medical Care Costs

A sustained 10% reduction in body
weight would decrease expected lifetime
medical care costs of hypertension, hyper-
choiesterolemia, type 2 diabetes, CHD, and
stroke by $2300 to $5300 for men and $2200
to $5200 for women (Table 3). Economic
benefits are greatest for men 45 to 54 years
of age and women 55 to 64 years of age.
Most of the cost savings associated with
weight loss derive from expected reductions
in the costs of treating type 2 diabetes, CHD,
and hypertension (data not presented).

Discussion

Our findings suggest that modest sus-
tained weight loss may yield substantial
health and economic benefits. Among per-
sons who are moderately obese, for example,
a 10% weight loss would reduce the expected
number of years of life with hypertension and
diabetes by 1.5 to 2.6 and 0.8 to 1.1, respec-
tively, depending on age and sex. Lifetime
risk of CHD would be reduced by 17 to 28
cases per 1000. Expected lifetime medical
care costs of the 5 diseases of interest—
hypertension, hypercholesteroiemia, type 2
diabetes, CHD, and stroke—would decline
by approximately $3300 to $3800 per person.

While the estimated benefits of weight
loss appear substantial, we believe that our
findings may be conservative. Modeling com-
plexity prevented us from examining the rela-
tionship between changes in BMI and the
risks and costs of other diseases that have
been linked to obesity, including gallbladder
disease,'^ osteoarthritis of the knee,'''' and
endometrial cancer.̂ '* In addition, although
available evidence suggests that average body
weight increases with age among US adults,'
we assumed that BMI would remain constant
throughout all remaining years of life in the
absence of intervention. This assumption was
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necessitated by the lack of data characterizing
change in weight over time in relation to initial
BML Had such an effect been included in our
model, it is likely that our estimates ofthe life-
time health and economic benefits of weight
loss would have been larger.

Additional limitations of our analysis
should be noted. For one, we assumed that the
benefits of weight loss could be expressed in
terms of differences in naturally occurring dis-
ease risks corresponding to the preintervention
and postintervention BMIs that we examined.
In fact, it is unknown whether sustained
weight loss modifies obesity-related disease
risks in this fashion, because no large-scale,
long-term intervention studies have been
reported to date. We note that our approach
has been used in model-based analyses of
other interventions, including cholesterol
reduction^" and smoking cessation.'^'"

Findings reported from epidemiologic
studies of the long-term effects of weight
loss generally have not lent support to the
notion that losing weight improves health
and increases longevity. ' Most such stud-
ies have focused on the effects of weight
change on all-cause mortality, and they have
reported that mortality is in fact highest
among persons who lose weight or gain
excessive weight and iowest among those
who gain a modest amount. However, these
studies are subject to a number of important
limitations. For one, they often do not dis-
tinguish voluntary from involuntary weight
loss; the latter may be indicative of subclini-
cal disease affecting mortality risk. In addi-
tion, although these studies typically control
for smoking habit, they do not control for
recent smoking cessation, which is associ-
ated with weight gain as well as improved
mortality. They also do not control for
weight cycling (i.e., repeated weight loss fol-
lowed by weight gain), which may increase
mortality risk independent of actual weight
change.^'

Finally, these studies rarely account for
relative weight or other important risk char-
acteristics at study entry. Weight loss among
persons who are already underweight may
increase mortality risk, for example, and sur-
vivors of a heart attack or stroke may volun-
tarily lose weight but nonetheless have higher
mortality rates than persons who gain a
modest amount but do not have preexisting
cardiovascular disease. A recent prospec-
tive study that controlled for many of these
potential confounders reported substantial
reductions in mortality among middle-aged
women with obesity-related health condi-
tions after intentional weight loss.̂ *

Intervention studies suggest that patients
can achieve a 10% weight loss with reduced-
calorie diets, exercise, behavioral modifi-

cation, pharmacological therapy, or pro-
grams that combine more than one of these
approaches. '̂"''*' Relatively few patients, how-
ever, seem to be able to maintain their reduced
weight over time. It may be argued, therefore,
that our analysis is largely irrelevant at this
time because lifelong maintenance of a 10%
weight loss is unrealistic. More effective thera-
pies for obesity are likely to emerge, however,
with growing acceptance in the medical com-
munity that obesity is in fact a chronic illness
requiring long-term management and ongoing
research concerning the genetic and biochemi-
cal mechanisms regulating body weight. From
this perspective, our findings serve to high-
light the potential benefits of new therapies
and accordingly may serve as a stimulus for
biomedical research.

The health and economic consequences
of obesity have drawn considerable interest
in recent years. To the best of our knowledge,
our study is the first to examine the lifetime
health and economic benefits of intentional
weight loss among persons who are obese.
Our findings suggest that a modest (i.e., 10%)
weight loss—maintained for life—would
yield important benefits in both human and
economic terms. D
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