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Obesity has been increasing in the US popula-
tion over the past 5 decades, and so has its
impact on morbidity1---3 and mortality.4---9 For
instance, obesity has been associated with
all-cause mortality in the United States and
elsewhere.10---13 In fact, evidence from a recent
review of 97 articles (including 37 in the
United States) suggests that obesity (body mass
index [BMI; defined as weight in kilograms
divided by the square of height inmeters] ‡ 30.0)
is associated with higher all-cause mortality risk.14

When obesity was further classified into
grades I (BMI 30.0 to < 35), II (BMI 35.0 to
< 40.0), and III (BMI ‡ 40.0), the high risk of
mortality was observed for grades II and III
only. By contrast, overweight was associated
with a protective effect against all-cause
mortality.14 Moreover, studies examining
obesity and CVD-specific mortality have also
found a significant increase in mortality risk
among US obese adults.9,15,16

Among studies examining the association
between obesity and mortality in the United
States, few have focused on a nationally rep-
resentative sample such as the National Health
and Nutrition Examination Survey (NHANES)
with objective measures of weight and
height,8,9,17 and none has examined the effect
of overweight and obesity on advancing the
risk of death among adults. Thus, we used
data from the NHANES III for the years1988
through 1994 linked to the National Death
Index (NDI) mortality file with follow-up to
year 2006 to examine the association of BMI
categories with all-cause and CVD-specific
mortality risk among US adults aged18 years
and older. We also calculated the rate ad-
vancement period (RAP)18 or the average
time by which the rate of death is advanced
among overweight and obese adults com-
pared with their normal-weight counterparts.
In addition, we examined whether these

associations and RAPs differed by age, gen-
der, and race/ethnicity.

METHODS

We conducted our analyses with public data
from NHANES III and the NHANES III---NDI
linked mortality files obtained from the Centers
for Disease Control and Prevention, National
Center for Health Statistics Web site.19

NHANES III is a national survey conducted to
assess the health status of a representative
sample of the civilian noninstitutionalized US
population, selected through a stratified multi-
stage probability sampling design. Full de-
scriptions of the sample design in NHANES III
have been reported elsewhere.20 For this
analysis, we linked NHANES III data sets
(household adult, examination, and laboratory
files) to death certificate records from the
2010 NHANES III---NDI linked mortality
public-use file with follow-up through
December 31, 2006.19 To link these 2 data

sets, National Center for Health Statistics used
a probabilistic matching algorithm based on
social security number; first name; middle
initial; last name or surname; month, day, and
year of birth; gender; father’s surname; state of
birth; race; state of residence; and marital
status. Complete information on the matching
methodology for these data sets has been
reported elsewhere.21

Study Variables

Mortality status was specified by using the
underlying cause of death according to the
International Classification of Diseases, Ninth
and Tenth Revision.22---24 For this analysis, we
used mortality status to define all-cause mor-
tality and the standard list of 113 underlying
causes of death (53 to 75 for International
Classification of Diseases, Tenth Revision, codes
100 to I78) to determine CVD-specific deaths.
We calculated time to death from the inter-
view date through December 31, 2006, as
person-months of follow-up by using the
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NHANES III interview date through the date
of death for participants who died; and from
NHANES III interview date to December 31,
2006, for participants assumed to be alive.25

We then transformed the follow-up time to
person-years by dividing the number of
months by 12.

In NHANES, BMI was calculated by using
weight and height data26 as the ratio of weight
in kilograms and height in meters squared
(kg/m2). Consistent with federal guidelines,27

BMI was categorized as less than 18.5 kg/m2

(underweight), 18.5 kg/m2 to less than 25.0
kg/m2 (normal weight), 25.0 kg/m2 to less than
30.0 kg/m2 (overweight), 30.0 kg/m2 to less
than 35.0 kg/m2 (grade I obesity), 35.0 kg/m2

to less than 40.0 kg/m2 (grade II obesity),
and 40.0 kg/m2 or more (extreme obesity or
grade III).

Consistent with previous studies,8,9,14---17 we
included sociodemographic and health behav-
ior characteristics as covariates. We included
age in the analysis as a continuous and cate-
gorical (18---29 years, 30---44 years, 45---64
years, or ‡ 65 years) variable. We included
gender as collected by NHANES (male or
female). We included race/ethnicity as self-
reported from survey’s participants and it was
limited to non-Hispanic White, non-Hispanic
Black, and Mexican American (hereafter, non-
Hispanic Black and non-Hispanic White will be
referred to as Black and White, respectively).
We specified marital status as married, di-
vorced, single, and widowed. Education level
was recorded as a continuous variable from
0 to 17 years and we categorized it as less
than a high-school diploma or general equiva-
lency diploma (GED), high-school diploma or
GED, and more than a high-school diploma or
GED. Total family12-month income during the
past year was recorded as continuous with
increments of $999.99 up to $49 999 and
then $50 000 and more. We further catego-
rized income as $0 to $14 999, $15 000 to
$24 999, and $25 000 or more. We included
survey respondents without information on
income in the analysis as a separate category.

We defined smoking status by using 2 self-
report questions: “Have you smoked 100
cigarettes in your lifetime?” and “Do you smoke
now?” with possible answers of yes or no.
We considered individuals who answered,
“yes” to both questions current smokers; we

categorized those who answered, “yes” to
the first question and “no” to the second as
former smokers; and we considered those
who answered “no” to both questions as never
smokers. Self-reported smoking status has
shown strong agreement with serum cotinine
levels (92.5% for smokers and 98.6% for
nonsmokers) in NHANES III, and, thus,
misclassification or underreporting may be
minimal.28 We defined leisure-time physical
activity (LTPA) by using the following ques-
tions: “In the past month, did you: jog or run;
ride bicycle/exercise bicycle; swim; do aerobics
or aerobic dancing; do other dancing; do
calisthenics or exercises; do garden/yard work;
lift weights; or any other exercises or sports?”
with any answer of “yes” considered as being
physically active on their leisure time. We
also considered other LTPA definitions: (1)
adding walking a mile without stopping to
LTPA, and (2) using 3 categories according to
the number of activities per week to classify
participants as inactive (0---1 activity/week),
infrequently active (1---5 activities/week), and
active (‡ 5 activities/week).

The linkage of the NHANES III adult
sample to the NDI linked mortality file
resulted in 20 050 records. We excluded
records of individuals who were aged younger
than 18 years at the time of the interview
(n = 432), ineligible for follow-up (n = 25),
did not have information on BMI (n = 1854)
or mortality status (n = 59), reported a race/
ethnicity as “other” (n = 695), and did not
have information on education (n = 116)
and smoking status (n = 1). These exclusions
yielded a final sample of 16 868, including
4401 deaths and approximately 222 933.25
person-years (mean = 13.22; SD = 4.23;
median = 14.25; range = 0---18.2 years).

Statistical Analysis

Descriptive statistics for selected character-
istics of the population were presented
according to BMI categories and for the total
population. We calculated death rates for
all-cause and CVD-specific mortality by divid-
ing the number of deaths by the total number
of person-years during the follow-up period.

We used Cox proportional hazards regres-
sion to estimate hazard ratios (HRs) and 95%
confidence intervals (CIs) for all-cause and
CVD-specific mortality risk associated with

overweight and grades I, II, and III obese
relative to normal-weight adults before and
after we controlled for age, gender, race/
ethnicity, education, smoking, and LTPA. Mar-
ital status and income did not change our
estimates and, therefore, we did not include
them in the final models. Results remained
nearly identical regardless of the LTPA defi-
nition used and, therefore, we used the di-
chotomous definition without walking a mile
without stopping. We used Schoenfeld resid-
uals to examine the proportional hazards
assumption and did not observe violation of
this assumption.29 In models for CVD-specific
mortality, we treated deaths attributed to
other causes as censored at the time the death
occurred.

We used the coefficients for age and BMI
categories from the Cox regression final
models for all-cause and CVD-specific mor-
tality risks to calculate the RAPs or the time
the rate of death was advanced among over-
weight and obese adults compared with their
normal-weight counterparts. We used the
variance for age and BMI categories as well as
their covariance estimates to calculate the
95% CIs. The RAP assumes no competing
causes of death and that events increase
monotonically with age (as do most chronic
diseases and death).18 The RAP estimate as-
sesses the impact of overweight and obesity on
the timing of death occurrence, premature risk
of death, aging effect, or age difference on
mortality risk compared with normal-weight
individuals.30---32 To determine whether the
associations observed for BMI categories
with all-cause and with CVD-specific mortality
risks and RAPs differed by age groups, we
tested gender and race/ethnicity interaction
terms in the fully adjusted models. We tested
each interaction term in a separate model to
avoid issues of multicollinearity.

We conducted all data management pro-
cedures with SAS for Windows release 9.3
(SAS Institute, Cary, NC) and conducted statis-
tical analyses with SUDAAN release 11.0 (Re-
search Triangle Institute, Research Triangle
Park, NC). SUDAAN takes into account the
complex sampling design used in NHANES.33

Sample sizes presented in Table 1 were un-
weighted, but all other estimates (proportions,
standard errors, rates, HRs, and RAPs with
their 95% CIs) were weighted.
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RESULTS

More than two fifths of US adults were
within normal weight range (43.1%), and more
than one fifth were obese (22.2%; Table 1). In
this sample, adults were more likely to be aged

between 30 and 64 years, to be female, to be
White, to be married, to have more than
a high-school education, to earn more than
$25 000 annually, and to report never smoking
and being physically active during their leisure
time. We observed this pattern across BMI

categories with few exceptions: normal-weight
adults were younger than 44 years, overweight
adults were more likely to be male, obese adults
regardless of their obesity grades tended to have
a high-school level of education, underweight
adults were more likely to be single and current

TABLE 1—Distribution of Selected Characteristics of US Adults by BMI Category: Third National Health and Nutrition Examination Survey

(1988–1994) and National Death Index Linked Mortality Files With Follow-Up to 2006

BMI Categories

Characteristics

Underweight

(n = 415)

Normal

(n = 6429)

Overweight

(n = 5770)

Grade I Obesity

(n = 2671)

Grade II Obesity

(n = 975)

Grade III Obesity

(n = 608)a Total (n = 16 868)

BMI, % (SE) 2.6 (0.21) 43.1 (0.75) 32.2 (0.49) 14.1 (0.43) 5.1 (0.30) 3.0 (0.22)

Age, y, % (SE)

18–29 38.4 (3.71) 33.2 (1.18) 17.9 (0.95) 15.5 (1.40) 17.1 (2.23) 14.1 (1.88) 24.6 (0.73)

30–44 28.8 (3.57) 33.3 (1.27) 33.8 (1.34) 31.7 (1.87) 33.2 (2.62) 39.9 (3.14) 33.3 (1.02)

45–64 14.8 (2.33) 19.1 (0.90) 28.4 (0.93) 33.6 (1.78) 34.8 (2.42) 33.2 (2.34) 25.2 (0.59)

‡ 65 18.0 (2.50) 14.4 (1.07) 19.8 (1.18) 19.2 (1.44) 14.8 (1.53) 12.7 (1.47) 16.9 (1.01)

Male, % (SE) 24.8 (3.11) 43.7 (0.87) 58.4 (1.00) 48.5 (1.49) 32.6 (3.05) 29.3 (4.00) 47.6 (0.45)

Race/ethnicity, % (SE)

Non-Hispanic White 84.8 (2.14) 85.1 (1.42) 81.8 (1.87) 79.4 (2.10) 76.7 (2.96) 72.2 (3.63) 82.4 (1.69)

Non-Hispanic Black 12.1 (1.94) 10.4 (1.16) 11.8 (1.39) 13.7 (1.64) 17.3 (2.52) 21.9 (3.16) 12.0 (1.34)

Mexican American 3.1 (0.69) 4.6 (0.77) 6.5 (1.11) 6.9 (1.20) 5.9 (1.17) 5.8 (1.28) 5.6 (0.93)

Marital status, % (SE)

Married 43.8 (3.75) 58.2 (1.32) 68.5 (1.12) 68.5 (1.40) 68.3 (2.29) 56.2 (3.45) 63.1 (0.98)

Divorced 10.6 (2.45) 12.5 (0.64) 9.9 (0.67) 11.5 (1.01) 9.8 (1.51) 20.6 (2.75) 11.6 (0.48)

Single 34.6 (3.28) 23.2 (1.18) 14.0 (0.96) 11.4 (1.13) 12.7 (1.56) 16.1 (2.16) 18.1 (0.86)

Widowed 11.0 (1.88) 6.1 (0.42) 7.6 (0.50) 8.5 (0.76) 9.1 (1.28) 7.1 (1.35) 7.3 (0.41)

Education, % (SE)

< high school 30.2 (3.59) 21.9 (1.35) 24.2 (1.62) 28.6 (1.67) 28.1 (2.38) 32.4 (2.94) 24.5 (1.29)

High-school diploma or GED 27.2 (3.40) 33.2 (1.16) 35.3 (1.28) 36.8 (1.57) 41.3 (2.74) 41.2 (3.71) 34.9 (0.87)

> high-school diploma or GED 42.5 (3.95) 44.9 (1.91) 40.4 (1.99) 34.6 (2.42) 30.6 (2.85) 26.4 (3.41) 40.7 (1.74)

Income, % (SE)

< 14 999, $ 27.4 (3.53) 18.9 (1.26) 18.6 (1.26) 21.8 (1.42) 28.2 (2.59) 28.4 (2.92) 20.2 (1.11)

15 000–24 999, $ 19.5 (3.06) 19.4 (0.88) 19.2 (1.11) 17.1 (1.09) 16.7 (1.97) 18.5 (2.34) 18.8 (0.76)

‡ 25 000, $ 47.7 (4.66) 55.1 (1.59) 56.0 (1.99) 54.0 (2.11) 48.4 (2.81) 47.6 (3.57) 54.5 (1.60)

Missing 5.3 (3.03) 6.5 (0.61) 6.2 (0.52) 7.0 (0.71) 6.7 (1.02) 5.5 (1.09) 6.4 (0.39)

Smoking, % (SE)

Current 42.6 (3.81) 32.8 (1.26) 26.2 (1.10) 25.3 (1.73) 21.6 (2.10) 22.6 (3.26) 29.0 (0.99)

Former 11.0 (2.30) 21.8 (0.78) 29.0 (1.04) 31.6 (1.82) 27.7 (2.48) 28.9 (3.13) 25.7 (0.65)

Never 46.4 (3.84) 45.5 (1.32) 44.8 (1.11) 43.1 (1.38) 50.7 (3.00) 48.6 (3.42) 45.3 (0.90)

Leisure physical activity in the past mo, yes, % (SE) 73.6 (3.48) 81.7 (1.06) 80.3 (1.11) 76.4 (1.60) 70.5 (2.53) 58.4 (4.25) 79.1 (1.01)

No. of deathsb

All-cause, no. 162 1582 1619 666 223 149 4401

All-cause death rate per 100 000 1879.4 1036.1 1404.9 1471.8 1690.9 1444.5 1278.9

CVD-specific, no. 66 690 749 330 100 63 1998

CVD-specific death rate per 100 000 686.6 425.5 612.1 694.7 634.0 664.1 546.0

Note. BMI = body mass index; CVD = cardiovascular disease; GED = general equivalency diploma. BMI was categorized as < 18.5 kg/m2 (underweight), 18.5 kg/m2 to < 25.0 kg/m2 (normal weight),
25.0 kg/m2 to < 30.0 kg/m2 (overweight), 30.0 kg/m2 to < 35.0 kg/m2 (grade I obesity), 35.0 kg/m2 to < 40.0 kg/m2 (grade II obesity), and ‡ 40.0 kg/m2 (grade III obesity).
aAll P values for v2 comparing BMI categories were < .001.
bThe numbers of deaths are unweighted.
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smokers, and grade III obese adults were less
likely to report any LTPA. The overall all-cause
mortality rate was 1278.9 per 100 000, with
normal-weight adults (1036.1 per 100 000)
exhibiting the lowest rate whereas underweight
(1879.4 per 100 000) and grade II obesity
(1690.9 per 100 000) adults had the highest
rates. The CVD-specific mortality rate was
546.0 per 100 000, with the lowest and highest
rates being observed among normal-weight
(425.5 per 100 000) and grade I obese adults
(694.7 per 100 000), respectively.

When compared with their normal-weight
counterparts, adults who were underweight,
overweight, and obese (regardless of the grade)
had significantly higher unadjusted death rates
for all-cause mortality, with HRs ranging from
1.36 (overweight) to 1.83 (underweight;
Table 2). However, after we controlled for
age, gender, race/ethnicity, and education,
underweight (HR=2.27; 95% CI =1.78,
2.90), grade II obese (HR=1.31; 95% CI =
1.02, 1.68), and grade III obese (HR=1.40;

95% CI= 1.10, 1.78) adults continued to have
higher death rates compared with their normal-
weight counterparts. By contrast, overweight
adults had a 12% (95% CI =0.79, 0.97) lower
death rate than normal-weight adults. Further
adjustment for smoking and LTPA attenuated
the death rate for underweight adults (HR=
1.88; 95% CI =1.43, 2.46), strengthened the
association for grade II obesity adults (HR=
1.41; 95% CI =1.09, 1.82) but had nearly no
effect on the death rate for extremely or grade
III obese adults (HR=1.42; 95% CI= 1.12,
1.81). These increased death rates for all-cause
mortality were associated with dying early by 6.7
years for underweight (95% CI=3.8, 9.6) and
by 3.7 years for grade II obese (95% CI=1.0,
6.3) and grade III obese (95% CI=1.2, 6.3)
adults compared with their normal-weight coun-
terparts.

Table 2 also shows the death rates of BMI
categories for CVD-specific mortality. As with
all-cause mortality, underweight, overweight,
and obese (regardless of the grade) adults had

significantly higher unadjusted death rates for
CVD-specific mortality than did their normal-
weight counterparts. However, the HRs were
more similar in magnitude across BMI cate-
gories and ranged from 1.44 (overweight) to
1.64 (grade II obesity). After we controlled for
age, gender, and race/ethnicity, the rates of
death were 100%, 36%, and 89% higher for
underweight (95% CI = 1.46, 2.74), grade II
obesity (95% CI = 1.02, 1.81), and grade III
obesity (95% CI = 1.25, 2.85) adults, respec-
tively, compared with normal-weight adults.
Further adjustment for education did not
change much the magnitude of estimates for
underweight and grade III obesity but the HR
for grade II obesity was no longer significant. In
the fully adjusted analyses (model 3), the rates
for CVD-specific death were 65%, 20%, 36%,
and 77% significantly higher for underweight,
grades I, II, and III obese adults, respectively,
compared with normal-weight adults
(P trend= .008, data not shown). These HRs
were equivalent to CVD-specific early deaths
by 4.4, 1.6, 2.7, and 5.0 years among
underweight, grades I, II, III obese adults,
respectively, compared with normal-weight
adults.

We observed no heterogeneity for the as-
sociations of BMI categories with all-cause and
CVD-specific mortality risks with race/ethnic-
ity. However, we observed heterogeneity
according to age groups for both all-cause
(P< .001) and CVD-specific (P< .001) mortal-
ity and according to gender (P= .007) for
all-cause mortality. Table 3 shows that, com-
pared with their normal-weight counterparts,
grade III obese adults aged 18 to 29 years,
underweight, grades II and III obese adults
aged 45 to 64 years, and underweight adults
aged 65 years and older had significantly
higher death rates for all-cause mortality.
These higher death rates were associated with
dying early by at least 7 years among these
adults (Figure 1). We observed a similar pat-
tern for CVD-specific mortality. However, the
HRs and RAPs were stronger for grade III
obese adults aged 18 to 29 years and for
grades II and III obese adults aged 45 to 64
years.

When compared with normal-weight men,
the rates of death for all-cause mortality were
higher for underweight and grade II obesity but
lower for overweight men (Table 4 and Figure 2).

TABLE 2—Analysis of BMI Categories on All-Cause and Cardiovascular Disease Mortality

Rates for US Adults Aged 18 Years or Older: Third National Health and Nutrition

Examination Survey (1988–1994) and National Death Index linked Mortality Files With

Follow-Up to 2006

BMI Categories

Crude, HR

(95% CI)a
Model 1, HR

(95% CI)

Model 2, HR

(95% CI)

Model 3, HR

(95% CI)

RAP

(95% CI)b

All-cause

Underweight 1.83 (1.40, 2.39) 2.33 (1.84, 2.95) 2.27 (1.78, 2.90) 1.88 (1.43, 2.46) 6.7 (3.8, 9.6)

Normal (Ref) 1.00 1.00 1.00 1.00 0

Overweight 1.36 (1.20, 1.54) 0.90 (0.81, 0.99) 0.88 (0.79, 0.97) 0.92 (0.82, 1.02) –0.9 (–2.0, 0.2)

Grade I obesity 1.43 (1.23, 1.66) 0.98 (0.86, 1.11) 0.95 (0.84, 1.08) 1.00 (0.89, 1.13) –0.01 (–1.3, 1.3)

Grade II obesity 1.65 (1.25, 2.18) 1.38 (1.08, 1.77) 1.31 (1.02, 1.68) 1.41 (1.09, 1.82) 3.7 (1.0, 6.3)

Grade III obesity 1.41 (1.09, 1.81) 1.49 (1.16, 1.90) 1.40 (1.10, 1.78) 1.42 (1.12, 1.81) 3.7 (1.2, 6.3)

CVD-specific

Underweight 1.61 (1.17, 2.21) 2.00 (1.46, 2.74) 1.96 (1.42, 2.71) 1.65 (1.17, 2.33) 4.4 (1.4, 7.4)

Normal (Ref) 1.00 1.00 1.00 1.00 0

Overweight 1.44 (1.21, 1.72) 0.95 (0.81, 1.11) 0.93 (0.80, 1.09) 0.96 (0.82, 1.13) –0.3 (–1.7, 1.1)

Grade I obesity 1.64 (1.34, 2.00) 1.18 (0.99, 1.40) 1.15 (0.97, 1.37) 1.20 (1.00, 1.43) 1.6 (0.1, 3.1)

Grade II obesity 1.50 (1.11, 2.03) 1.36 (1.02, 1.81) 1.30 (0.97, 1.72) 1.36 (1.01, 1.82) 2.7 (0.1, 5.3)

Grade III obesity 1.57 (1.04, 2.36) 1.89 (1.25, 2.85) 1.79 (1.18, 2.70) 1.77 (1.19, 2.65) 5.0 (1.7, 8.4)

Note. BMI = body mass index; CI = confidence interval; CVD = cardiovascular disease; HR = hazard ratio; RAP = rate
advancement period. BMI was categorized as < 18.5 kg/m2 (underweight), 18.5 kg/m2 to < 25.0 kg/m2 (normal weight),
25.0 kg/m2 to < 30.0 kg/m2 (overweight), 30.0 kg/m2 to < 35.0 kg/m2 (grade I obesity), 35.0 kg/m2 to < 40.0 kg/m2 (grade
II obesity), and ‡ 40.0 kg/m2 (grade III obesity).
aCrude association of BMI categories with all-cause and CVD (crude); HRs adjusted for age (continuous), gender, race/ethnicity (model
1); additionally adjusted for education (model 2); and further adjusted for smoking and leisure-time physical activity (model 3).
bRAPs are derived from model 3.
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These estimates were associated with dying
early by 4.3 years for underweight (95% CI =
0.3, 8.2) and by 4.2 years for grade II obese
(95% CI = 0.6, 7.8) but with dying by 2.7 years
later for overweight men (95%CI = ---4.2, ---1.2).
For women, the rates of death for all-cause
mortality were higher for underweight and
grade II and III obesity compared with their
normal-weight counterparts. These death rates
were associated with dying between 3.7 years
(grade II) and 8.2 years (underweight) earlier
than women with normal weight.

DISCUSSION

We found that BMI categories were associ-
ated with all-cause and CVD-specific mortality
in US adults. When compared with normal-
weight adults, underweight and obese (grades
II and III) adults had higher rates of dying of
all-cause and CVD-specific mortality. Under-
weight and obese adults have deaths attribut-
able to all-cause at least 3.7 years earlier and
attributable to CVD at least 1.6 years earlier
than normal-weight adults. In addition, all-
cause mortality associated with obesity was
advanced by at least 7.1 and 3.7 years in adults

aged 45 to 64 years and in women, respectively,
compared with their normal-weight counterparts.
For CVD, death was advanced by 10.3 and 12.8
years in adults aged 45 to 64 years categorized as
grades II and III obese, respectively.

A recent systematic review of studies in the
United States and elsewhere examining the
evidence of standard BMI categories on all-
cause mortality found that grades II and III
obesity were associated with higher mortality
risk whereas overweight was associated with
a lower risk of mortality compared with normal
weight.14 These findings were consistent re-
gardless of whether weight and height were
measured or self-reported although hazard
ratios from the latter were higher.

Among the US studies included in the re-
view, few have focused on national samples
using either measured8,9,17 or self-reported15,16

weight and height, and even fewer have ex-
amined associations between BMI categories
and cause-specific mortality in the US popula-
tion.9,15,16 For example, Flegal et al.8 used
NHANES linked NDI mortality file with
follow-up through 2000 and found that grades
II and III obesity were associated with a signif-
icantly higher rate of all-cause mortality among

adults aged 25 to 59 years and 60 to 69 years
compared with their normal-weight counter-
parts. For CVD, studies consistently found
associations between obesity (regardless of
grade) and mortality risk among adults aged 25
years and older,9 younger adults (aged 18---39
years),15 and older adults (aged > 60 years).16

Our findings are consistent with these studies
for obesity with all-cause mortality (grades II
and III) and CVD-specific mortality (regardless
of the grade) among adults aged 18 years or
older. Our results are also associated with early
death of at least 3.7 years for all-cause mor-
tality and 1.6 years for CVD-specific mortality
among US adults. Consistent with a previous
study that used NHANES data,17 we did not
find a protective effect for overweight adults
for all-cause or CVD-specific mortality risk.

Previous studies have estimated RAPs for
all-cause mortality associated with traffic pol-
lution,31 and for all-cause and CVD-specific
mortality associated with individual income.34

These studies have reported RAPs of 2.5 for
all-cause mortality and residential proximity
to traffic pollution.31 Individual income was
associated with RAPs for all-cause and
CVD-specific mortality risk associated with at

TABLE 3—Analysis of BMI Categories on All-Cause and Cardiovascular Disease Mortality Rates for US Adults Aged 18 Years or Older by

Age Group: Third National Health and Nutrition Examination Survey (1988–1994) and National Death Index Linked Mortality Files With

Follow-Up to 2006

Aged 18–29 Years Aged 30–44 Years Aged 45–64 Years Aged ‡ 65 Years

BMI Categories HR (95% CI) RAP (95% CI) HR (95% CI) RAP (95% CI) HR (95% CI) RAP (95% CI) HR (95% CI) RAP (95% CI)

All-cause

Underweight 0.79 (0.13, 4.66) –2.6 (–21.7, 16.5) 0.80 (0.17, 3.38) –2.9 (–22.6, 16.8) 2.26 (1.27, 4.00) 9.3 (2.0, 16.6) 2.03 (1.43, 2.88) 7.0 (3.5, 10.6)

Normal (Ref) 1.00 0 1.00 0 1.00 0 1.00 0

Overweight 1.83 (0.83, 4.04) 6.6 (–3.7, 16.9) 0.72 (0.44, 1.18) –4.3 (–11.4, 2.9) 1.08 (0.83, 1.39) 0.8 (–2.1, 3.7) 0.89 (0.80, 0.99) –1.1 (–2.2, –0.1)

Grade I obesity 1.77 (0.74, 4.24) 6.2 (–3.3, 15.7) 1.18 (0.67, 2.07) 2.2 (–5.1, 9.5) 1.27 (0.97, 1.67) 2.8 (–0.4, 5.9) 0.92 (0.78, 1.08) –0.8 (–2.4, 0.8)

Grade II obesity 1.68 (0.28, 10.26) 5.6 (–14.2, 25.5) 1.69 (0.62, 4.62) 6.9 (–7.8, 21.6) 2.30 (1.51, 3.50) 9.6 (4.5, 14.6) 1.10 (0.85, 1.43) 1.0 (–1.6, 3.5)

Grade III obesity 4.91 (1.05, 23.01) 17.3 (–5.5, 40.2) 1.48 (0.65, 3.37) 5.2 (–5.2, 15.5) 1.86 (1.15, 3.02) 7.1 (1.8, 12.5) 1.27 (0.92, 1.73) 2.3 (–0.7, 5.3)

CVD-specific

Underweight 3.28 (0.40, 27.11) 7.5 (–28.7, 43.8) 0 0 0.42 (0.10, 1.70) –9.1 (–23.5, 5.4) 2.06 (1.41, 3.02) 6.4 (2.8, 9.9)

Normal (Ref) 1.00 0 1.00 0 1.00 0 1.00 0

Overweight 0.99 (0.12, 8.01) –0.03 (–13.0, 13.0) 0.79 (0.28, 2.21) –1.5 (–8.2, 5.2) 1.48 (0.94, 2.32) 4.1 (–0.5, 8.6) 0.89 (0.76, 1.04) –1.0 (–2.4, 0.3)

Grade I obesity 3.16 (0.55, 18.03) 7.3 (–3.9, 18.5) 2.32 (0.82, 6.61) 5.1 (–1.5, 11.7) 1.58 (0.99, 2.51) 4.7 (–0.4, 9.9) 1.09 (0.87, 1.35) 0.7 (–1.2, 2.6)

Grade II obesity 6.02 (0.66, 55.13) 11.3 (–6.9, 29.6) 0.79 (0.25, 2.48) –1.4 (–8.3, 5.5) 2.70 (1.50, 4.86) 10.3 (3.6, 17.0) 1.05 (0.77, 1.45) 0.5 (–2.3, 3.2)

Grade III obesity 5.43 (1.08, 27.44) 10.7 (–5.1, 26.6) 2.72 (0.64, 11.59) 6.0 (–3.6, 15.7) 3.43 (1.65, 7.14) 12.8 (4.7, 20.9) 1.35 (0.85, 2.13) 2.6 (–1.3, 6.5)

Note. BMI = body mass index; CI = confidence interval; CVD = cardiovascular disease; HR = hazard ratio; RAP = rate advancement period. HRs and RAPs adjusted for age (continuous), gender, race/
ethnicity, education, smoking, and leisure-time physical activity. BMI was categorized as < 18.5 kg/m2 (underweight), 18.5 kg/m2 to < 25.0 kg/m2 (normal weight), 25.0 kg/m2 to < 30.0 kg/m2

(overweight), 30.0 kg/m2 to < 35.0 kg/m2 (grade I obesity), 35.0 kg/m2 to < 40.0 kg/m2 (grade II obesity), and ‡ 40.0 kg/m2 (grade III obesity).
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least 7.2 years among Black and White adults
aged 45 to 64 years.34 Although we used
a different risk factor, BMI, our RAPs for
all-cause and CVD-specific mortality risks are
consistent with these studies. In addition, our
findings suggest that adults aged 45 to 64 years
carried the burden of obesity on all-cause and
CVD-specific mortality. This burden was asso-
ciated with premature death attributable to
all-cause mortality of at least 7.1 years for
grades II and III obese adults aged 45 to 64
years. For CVD-specific mortality, grades II and
III obese adults aged 45 to 64 years have

deaths as much as 10 years earlier than their
normal-weight counterparts. For all-cause
mortality, grades II and III obese women tend
to die at least 3.7 years earlier than normal-
weight women. We examined the contribution
of CVD-specific deaths to the total mortality for
each age group and found that CVD-specific
mortality increased with age (18---29 years:
10.9%; 30---44 years: 22.4%; 45---64 years:
34.8%; and ‡ 65 years: 49.3%). In addition,
the contribution of CVD-specific mortality was
higher among women (43.7%) than among
men (41.6%; data not shown). Our findings are

somewhat consistent with a study that used
NHANES III data and found higher prevalence
of diseases associated with obesity such as
diabetes type 2, gallbladder diseases, coronary
heart disease, high blood pressure, and high
cholesterol among adults younger than 55
years than among adults aged 55 years and
older regardless of gender.35

Although not directly comparable to our
findings, Moore et al. examined the effect of
physical activity on mortality risk and life
expectancy and found lower life expectancy at
age 40 years associated with BMI categories
regardless of physical activity.36 Despite their
shorter life expectancy, obese adults have
higher lifetime medical expenditure than their
normal-weight counterparts. For example,
Nagai et al., using a cohort study in Japan,
reported that, despite their earlier death, obese
men and women had 14.7% and 21.6%,
respectively, higher lifetime medical expendi-
ture than their counterparts of normal weight.12

However, this finding was not significant for
men. Taken together, these findings suggest
that obesity may have short- and long-term
health effects that could translate into prema-
ture death for younger adults as indicated by
our findings in adults aged 45 to 64 years as
they may be affected by chronic diseases at
earlier ages than before the increase in the
prevalence of obesity.

Evidence on underweight and mortality
is mixed, with some studies suggesting that
underweight is associated with cancer or
CVD-specific mortality risk,9,16,37 whereas
others suggest that underweight is primarily
associated with non-cancer or non-CVD mor-
tality risk.9,16,38,39 Our findings are somewhat
consistent with these studies as we found un-
derweight to be associated with all-cause and
CVD-specific mortality. However, it is worth
noting that when we stratified results by age,
the increased death rates for underweight
were only observed for adults older than 45
years for all-cause mortality and for adults
older than 65 years for CVD-specific mortal-
ity. These findings may suggest that the
increased all-cause mortality risk among un-
derweight adults may be associated with
non---CVD-specific death among those older
than 45 years and that the increase in
CVD-specific mortality risk among the under-
weight who are aged 65 years and older
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FIGURE 1—Rate advancement periods by BMI category and age group for (a) all-cause

mortality and (b) cardiovascular disease–specific mortality: Third National Health and

Nutrition Examination Survey (1988–1994) and National Death Index linked mortality

files with follow-up to 2006.
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may be because underweight adults are already
ill and will experience higher mortality.16,40

Strengths and Limitations

Among the strengths of this study were
the use of a large nationally representative sample
of the 2 major racial/ethnic groups, non-Hispanic
Black and White, and the inclusion of the
largest Hispanic subgroup, Mexican American.

The availability of this large sample size allowed
us to control for selected covariates and
examine effect measure modifications. Moreover,
trained staff measured participants’ weight and
height.26 Finally, the calculation of RAPs for
all-cause and CVD-specific mortality associated
with BMI is a strength of this study because it
represents an indicator of the impact of overweight
and obesity on the timing of an individual’s death.18

An important limitation was the use of
the NHANES III linked mortality public-use
file including limited mortality information
compared with the restricted-use files and
having small perturbations for a small, selected
number of records. However, a comparative
analysis of the NHANES III public- and
restricted-use linked mortality files conducted
by the National Center for Health Statistics
suggests that the results obtained from these
2 data sets were very similar for all-cause and
selected cause---specific mortality.25 Thus, it is
very unlikely that the public-use files of the
NHANES III---linked mortality files affected our
study results. Another limitation could be the
inclusion of all the deaths regardless of the
follow-up period as early deaths may not be
related to BMI and may be associated with
other diseases. We repeated the analyses
excluding deaths occurring during the first 2
years of follow-up and the results remained
nearly identical for overweight and obesity.
However, there was some change for the esti-
mates for underweight for both all-cause and
CVD-specific mortality. Finally, individuals who
agreed to participate in NHANES III may be
different from those who chose not to participate.
This refusal may have under- or overestimated
our results depending on whether the decision
to participate was based on BMI categories.

Conclusions

Our findings suggest that underweight and
obese adults not only had higher rate of dying
of all-cause or CVD-specific causes but also are
dying earlier than normal-weight adults after
adjustment for sociodemographic and behav-
ioral factors. The increased death rates among
obese adults advanced death by at least 1.6
years for all-cause and CVD-specific mortality.
In addition, the burden of obesity seems to
be greater among adults aged 45 to 64 years
for all-cause and CVD-specific mortality and
for female adults for all-cause mortality com-
pared with their normal-weight counterparts as
indicated by their higher death rates and RAPs.
These findings (1) call attention to the impact of
the obesity epidemic on the health status, and
further aging effect or premature deaths, among
US adults, and (2) suggest that the impact of
obesity in the US population has yet to be seen in
light of the high prevalence of obesity currently
observed in children and adolescents. j
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FIGURE 2—All-cause mortality rate advancement periods for BMI categories by gender: Third

National Health and Nutrition Examination Survey (1988–1994) and National Death Index

linked mortality files with follow-up to 2006.

TABLE 4—Analysis of BMI Categories on All-Cause Mortality Rates for US Adults Aged 18

Years or Older, by Gender: Third National Health and Nutrition Examination Survey

(1988–1994) and National Death Index linked Mortality Files With Follow-Up to 2006

Men Women

BMI Categories HR (95% CI) RAP (95% CI) HR (95% CI) RAP (95% CI)

Underweight 1.48 (1.03, 2.13) 4.3 (0.3, 8.2) 2.22 (1.60, 3.07) 8.2 (4.8, 11.6)

Normal (Ref) 1.00 0 1.00 0

Overweight 0.78 (0.68, 0.90) –2.7 (–4.2, –1.2) 1.10 (0.95, 1.28) 1.0 (–0.5, 2.5)

Grade I obesity 0.86 (0.71, 1.03) –1.6 (–3.6, 0.3) 1.16 (0.99, 1.37) 1.6 (–0.1, 3.2)

Grade II obesity 1.47 (1.06, 2.06) 4.2 (0.6, 7.8) 1.44 (1.07, 1.94) 3.7 (0.7, 6.8)

Grade III obesity 1.16 (0.60, 2.25) 1.6 (–5.5, 8.7) 1.66 (1.30, 2.13) 5.2 (2.8, 7.6)

Note. BMI = body mass index; CI = confidence interval; HR = hazard ratio; RAP = rate advancement period. HRs and RAPs
adjusted for age (continuous), race/ethnicity, education, smoking, and leisure-time physical activity. BMI was categorized as
< 18.5 kg/m2 (underweight), 18.5 kg/m2 to < 25.0 kg/m2 (normal weight), 25.0 kg/m2 to < 30.0 kg/m2 (overweight),
30.0 kg/m2 to < 35.0 kg/m2 (grade I obesity), 35.0 kg/m2 to < 40.0 kg/m2 (grade II obesity), and ‡ 40.0 kg/m2 (grade III
obesity).
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