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Previously reported estimates of deaths attributable to obesity in the United States have been based on a
method that only partially adjusts for confounding and does not allow for effect modification. In this study, the
authors investigated the possible magnitude and direction of bias in estimating deaths attributable to obesity
when such a method is used. Hypothetical examples are based on 1991 US population data and published
relative risks. Incomplete adjustment for confounding of the obesity-mortality relation by age and sex ledto a 17%
overestimation of deaths due to obesity. Additional bias resulted from slight differences between the derivation
cohort and the target population. For example, a difference of three percentage points in the proportion of people
80 years of age or older led to a 42% overestimation of deaths due to obesity. In addition, these estimates appear
to be sensitive to minor differences in relative risks between a derivation cohort and the target population. A
difference of 0.20 in relative risks almost doubled the number of deaths (97% overestimation). Estimates of
deaths attributable to obesity can be biased if confounding and effect modification are not properly taken into
account or if the relative risks are not estimated accurately.

anthropometry; body mass index; body weight; cause of death; epidemiologic methods; risk; statistics; vital

statistics

Abbreviations: BMI, body mass index; PAF, population attributable fraction.

The increases in obesity in the United States over the last
several decades have led to considerable interest in evalu-
ating the health burden due to obesity. It is often stated that
obesity is a major cause of death in the United States,
accounting for as many as 300,000 deaths per year and
rivaling smoking as a public health threat (1-3). In 1993,
McGinnis and Foege (4) estimated that 300,000 deaths a
year in the United States were due to poor diet and physical
inactivity, making these combined factors the second leading
modifiable factors, after smoking, contributing to death.

McGinnis and Foege (5) subsequently clarified that their
estimate of 300,000 deaths per year referred to all aspects of
diet and physical activity and not specifically to obesity.
Nonetheless, this estimate has often been interpreted as
representing the number of deaths caused by obesity (1, 2)
and is also often cited to motivate increased efforts to treat
and control obesity. For example, the total number of deaths

attributable to obesity has been invoked in connection with
new drug approvals (6).

In 1999, Allison et al. (7) used data from six large prospec-
tive epidemiologic cohorts to estimate that approximately
280,000 deaths per year could be attributed to obesity and
overweight in the United States. For each study cohort, these
authors estimated a hazard ratio for each body mass index
(BMI; weight (kg)/height (m)?) category, adjusted for age,
sex, and smoking. They then combined those hazard ratios
with estimates of the prevalence of BMI categories and with
vital statistics data to estimate the number of deaths attribut-
able to overweight and obesity.

Allison et al. (7) used proportional hazards models to esti-
mate hazard ratios adjusted for age, sex, and smoking status,
stating that “[i]nteractions of age and sex with BMI terms
were not included because of our interest in estimating the
average effect of overweight or obesity across both sexes
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and all adult ages” (7, p. 1533). Their goal was “to estimate
total societal obesity burden in terms of mortality” (7, p.
1533). They argued that this approach did “take into account
differential effects of obesity by age and sex despite no
corresponding interaction terms, simply by including both
sexes and a cross section of ages in the derivation samples”
(7, p. 1533). Considerable evidence suggests that the effects
of obesity on mortality differ strongly by age (8—12).

The method used by Allison et al. (7) did not allow for
effect modification and only partially adjusted for
confounding. Use of this approach is contraindicated by
several published statistical papers, which show that such an
approach can lead to bias (13, 14).

Few studies, however, have estimated the magnitude of
the bias that can occur in specific situations when inappro-
priate methods are used to calculate attributable fractions
(13). In this paper, we investigate the possible magnitude
and direction of the bias in estimates of deaths attributable to
obesity when confounding and effect modification are not
adequately accounted for.

METHODS

Calculation of attributable fractions and deaths
attributable to obesity

To calculate deaths attributable to obesity, the total
number of deaths is multiplied by the population attributable
fraction (PAF), which may be interpreted as the proportion
of deaths attributable to obesity. We consider two general
equations to calculate PAF, as described by Rockhill et al.
(15). The first equation is

PAF = P,(RR — 1)/(1 + (P(RR —1))), ey

where P, is the proportion of the population exposed to the
factor (in this case, obesity), and RR is the unadjusted rela-
tive risk of mortality associated with obesity. This equation
is appropriate when there is no confounding. A modified
version of this equation for use when there are multiple cate-
gories (i = 0,1 ... k) of the exposure variable is

PAF =X p, (RR;- 1)/(1 + Z p;(RR; - 1)), 2)

where i refers to the ith exposure category, p; is the propor-
tion of the population in the ith exposure category, RR; is the
relative risk comparing the ith exposure category with the
reference group (i = 0), and both summations are over i = 0
to k. Because of the distributive property of PAF, this equa-
tion can also be used to calculate a level-specific attributable
fraction for any given level of exposure, relative to a fixed
reference category, by including only that level of exposure
in the numerator. The equation used by Allison et al. (7) to
calculate excess deaths is algebraically identical to PAF
equation 2 multiplied by the total number of deaths, although
their equation is more complex and uses two additional
parameters. To calculate deaths attributable to overweight
and obesity, the attributable fraction and attributable deaths
can be calculated for each level of overweight and obesity

and the results added together. Strictly speaking, to calculate
the total PAF, deaths attributable to the lowest BMI category
(BMI <23) should also be included in the total to obtain all
deaths attributable to not being in the reference category
(BMI 23-25). However, equation 2 is still appropriate to
calculate deaths attributable to overweight and obesity rela-
tive to the reference category.

Methods of estimating attributable fractions when there
is confounding or interaction

In the article by Allison et al. (7), relative risk estimates,
adjusted for age, sex, and smoking, for the risk of mortality
associated with obesity were derived from six available
epidemiologic cohorts. To estimate the number of deaths due
to obesity, these relative risk estimates were then combined
with data from the target population (the 1991 US popula-
tion) on the prevalence of obesity and the number of deaths.
When there are subgroups within the population (e.g., age
and sex subgroups), there are several different ways to
combine relative risk estimated from a derivation cohort
with the prevalence of obesity and number of deaths in a
target population.

In one method, which we call the “partially adjusted”
method and is essentially the method used by Allison et al.
(7), a single relative risk, adjusted for subgroup membership
(e.g., adjusted for age and sex subgroup), is calculated from
the derivation cohort and used in equation 1, along with the
prevalence of exposure from the population, to calculate a
single attributable fraction. The number of deaths attribut-
able to obesity in the target population is then calculated by
multiplying the total number of deaths by the attributable
fraction. This method is in general biased when there is
confounding of the exposure-disease association because of
the use of an attributable risk formula appropriate for unad-
justed relative risks only. We refer to this method as
“partially adjusted” because the attributable fraction is
calculated by using adjusted relative risks but with an equa-
tion appropriate for unadjusted risks only.

In another approach, referred to by Benichou (13) as the
weighted-sum method, unadjusted relative risks are calcu-
lated separately for each subgroup in the derivation cohort
and used in equation 1 or 2, along with information on the
prevalence of obesity and the number of deaths within each
subgroup, to calculate the number of deaths attributable to
obesity in each subgroup. These numbers are then summed
over subgroups to obtain the total number of deaths in the
population attributable to obesity. For example, the number
of deaths attributable to obesity can be calculated separately
for each age group from age-specific values for relative risk,
the prevalence of obesity, and the number of deaths and then
added together across age groups. In effect, this approach
uses a fully saturated model that can account for both
confounding and interaction because it allows for different
relative risks within each subgroup. We used this method,
along with our hypothetical relative risks for each subgroup,
to obtain the hypothetical “true” values for our examples.
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TABLE 1.
confounding or effect modification

Hypothetical relative risks,* by age, sex, and BMIt category, used in examples to demonstrate

Relative risks used in the

Relative risks used in the effect-

ﬂnggfpe?:ﬁ?;’ Reference confounding-only examples modification examples
Age group (years) category: Bﬁg%ﬁ?’és BMI BMI BMI BMI
BMI <23 25-<30 30-<35 ©°MIZ35 55 30 30<35 BMI=35

Men

18-74 1.04 1.00 1.08 1.33 1.68 1.14 1.45 1.86

75-79 1.04 1.00 1.08 1.33 1.68 1.09 1.36 1.65

80-84 1.04 1.00 1.08 1.33 1.68 1.04 1.15 1.30

>85 1.04 1.00 1.08 1.33 1.68 1.01 1.07 1.10
Women

18-74 1.04 1.00 1.08 1.33 1.68 1.14 1.45 1.86

75-79 1.04 1.00 1.08 1.33 1.68 1.09 1.36 1.65

80-84 1.04 1.00 1.08 1.33 1.68 1.04 1.15 1.30

>85 1.04 1.00 1.08 1.33 1.68 1.01 1.07 1.10
Adjusted relative risk* 1.04 1.00 1.08 1.33 1.68 1.08 1.33 1.68

* Adapted from Allison et al. (7).
1 BMI, body mass index (weight (kg)/height (m)?).

Estimates of potential bias

We estimated the direction and magnitude of bias from the
partially adjusted method for calculating the number of
attributable deaths, using hypothetical examples based on
real data and published relative risks. The prevalence of BMI
categories was calculated by using data from the Third
National Health and Nutrition Examination Survey
(excluding pregnant women and those for whom BMI data
were missing), and the number of deaths in the US popula-
tion in 1991 was taken from US vital statistics. For conve-
nience, the percentage of the population in each sex-age
group was calculated from the sample weights for the Third
National Health and Nutrition Examination Survey sample,
but note that the target population for the National Health
and Nutrition Examination Survey is the civilian noninstitu-
tionalized population rather than the total population.

As our hypothetical relative risks, we used the relative risk
(hazard ratio) estimates from the Allison et al. (7) paper
based on the National Health and Nutrition Examination
Survey I Epidemiologic Follow-up Study. Although those
hazard ratios were adjusted for three factors—age, sex, and
smoking—here we consider only age and sex because
mortality data are tabulated by age and sex. We follow the
Allison et al. paper in using the category of BMI 23-<25 as
the reference category and the category of BMI <23 as a
nonreference, nonexposure category. We calculated the rela-
tive risk for the category of BMI 25-<30 as a prevalence-
weighted relative risk of the hazard ratios for the individual
BMI values within that category from the Allison et al.
paper.

In all cases, we held the adjusted relative risks constant in
the target population so that the adjusted relative risks would
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match those in the Allison et al. (7) paper. The two sets of
hypothetical relative risks within subgroups that we used are
shown in table 1. One set did not vary by age-sex group
(representing possible confounding but no interaction).
Another set (arrived at empirically) varied by age-sex group
(representing effect modification or interaction) but resulted
in the same final adjusted relative risks (adjusted across
subgroups by using the Mantel-Haenszel method). We
selected this second set of values to show a decline with rela-
tive risks by age, consistent with the literature on this topic.

To obtain the correct values in each of these two hypothet-
ical situations, we applied the weighted-sum method, using
equation 2 within each subgroup, with stratifications by age
(age groups 18-74 years, 75-79 years, 80-84 years, and =85
years) and sex. These three older age groups were selected
because they account for over half of deaths in adults. We
then used the partially adjusted method by applying equation
2 to the entire sample as a single group and compared the
results with those from the weighted-sum method to estimate
the degree of bias from the partially adjusted method.

To estimate the potential bias in the partially adjusted
method when there are differences between the derivation
cohort and the target population, we also developed hypothet-
ical derivation cohorts that had the same relative risks within
subgroups as did the target population but differed from the
target population in the proportion of people in different age-
sex subgroups, the prevalence of obesity, or the risk of
mortality in the reference BMI category. We also considered
the effects of minor differences in relative risk between the
derivation cohort and the target population. In all cases, we
considered the true values to be those derived from the
weighted-sum method applied to the target population.
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TABLE 2. Prevalence of BMI* categories, percentage of the population, and percentage of deaths, by age

and sex, United States, 1991

Percentage in BMI categoryt

Percentage of Percentage of

Age group (years)

<23 23-<25 25-<30 30-<35 >35 the populationt deathst

Men

18-74 22.9 19.2 38.6 14.1 5.1 46.1 29.9

75-79 19.8 17.2 44.3 15.4 3.4 1.2 75

80-84 25.0 21.4 42.0 9.9 1.6 0.8 6.7

>85 30.0 23.6 43.2 1.8 1.4 0.4 7.4
Women

18-74 35.6 15.1 24.5 141 10.6 47.5 18.7

75-79 27.8 17.1 31.6 17.7 5.8 1.9 6.8

80-84 27.3 17.3 39.1 12.2 4.1 1.4 7.8

>85 37.5 16.2 34.0 10.0 23 0.8 15.2

* BMI, body mass index (weight (kg)/height (m)?).

1 Calculated by using data from the Third National Health and Nutrition Examination Survey.

1 Calculated by using US vital statistics data.

RESULTS
Bias from incomplete adjustment for confounding

In the target population (the US population aged 18 years
or older in 1991), age and sex confounded the association
between BMI and mortality (table 2). The prevalence of BMI
30—<35 and BMI >35 decreased with age, while the preva-
lence of BMI <23 increased with age. The prevalence of
BMI 25—<30 was higher among men than women, while the
prevalence of BMI >35 was higher among women than men.
Death rates were higher at older ages than at younger ages
and were lower for women than for men. The older age
groups make up a small proportion of the population but
account for disproportionate numbers of deaths.

We used the weighted-sum method to calculate the correct
number of deaths due to overweight and obesity in the hypo-
thetical situation in which the relative risks were identical for
all age-sex subgroups in the US population, as shown in
table 1 (confounding-only example). We calculated a total of
195,934 deaths due to overweight and obesity (table 3). We
then repeated the calculations by using the identical relative

risks but applied the partially adjusted method and treated
the population as a single age-sex group. The estimated
values from using this approach (table 3) led to an estimate
of 230,052 deaths attributable to overweight and obesity, a
17 percent overestimate.

Our results from the partially adjusted method (230,052
deaths) are close to but not identical to the Allison et al. (7)
results from the National Health and Nutrition Examination
Survey I Epidemiologic Follow-up Study (236,111 deaths)
using the same relative risks. The difference may be due to a
number of factors, including possible effects of rounding and
some slight errors in the Allison et al. paper in the calculated
prevalence of BMI categories and in the number of deaths in
1991.

Effect modification: different relative risks in subgroups

A more realistic scenario for effects of obesity on
mortality is that the effect of obesity on mortality differs
between subgroups, particularly age groups, as shown in the
effect-modification example in table 1. The “true” value in

TABLE 3. BMI* categories, relative risks, prevalence, and number of excess deaths

BMI category Relative risk Prevalencet

Hypothetical true values (no.)

Partially adjusted

Confounding Effect method (no.)
only modification
<23 1.04 0.292 0 0 0
23-<25 1.00 0.172 0 0 0
25—-<30 1.08 0.319 54,368 55,935 47,355
30—<35 1.33 0.141 77,455 77,998 86,174
=235 1.68 0.076 64,111 64,991 96,523
Total 195,934 198,924 230,052

* BMI, body mass index (weight (kg)/height (m)?).

1 Calculated by using data from the Third National Health and Nutrition Examination Survey.
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TABLE 4. Estimates of excess deaths from using the partially adjusted method, by age-sex group and

BMI* category, compared with hypothetical true values when there is confounding only or effect

modification

No. of men (age in years)

No. of women (age in years)

BMI category Total
18-74 75-79 80-84 >85 18-74 75-79 80-84 >85
25-<30
WS1* 17,340 5,022 4,352 5,103 6,714 3,198 4,647 7,992 54,368
WS2x 29,067 5,610 2,261 665 11,254 3,577 2,441 1,060 55,935
PA* 14,142 3,554 3,159 3,521 8,854 3,223 3,704 7,198 47,355
30—<35
WSH1 26,114 7,184 4,238 872 15,970 7,391 5,967 9,719 77,455
W82 34,110 7,782 2,002 193 20,859 8,015 2,849 2,188 77,998
PA 25,734 6,467 5,748 6,408 16,113 5,865 6,741 13,098 86,174
235
WSH1 19,621 3,259 1,430 1,414 24,662 4,983 4,174 4,568 64,111
WS2 23,769 3,093 656 217 29,874 4,735 1,934 713 64,991
PA 28,825 7,243 6,438 7177 18,048 6,570 7,551 14,671 96,523
Total
WSH 63,075 15,465 10,020 7,389 47,346 15572 14,788 22,279 195,934
W82 86,946 16,485 4,919 1,075 61,987 16,327 7,224 3,961 198,924
PA 68,701 17,264 15,345 17,106 43,015 15,658 17,996 34,967 230,052

* BMI, body mass index (weight (kg)/height (m)2); WS1, weighted sum 1, for confounding only; WS2, weighted

sum 2, for effect modification; PA, partially adjusted method.

this hypothetical situation is 198,924 deaths (table 3). In this
case, the partially adjusted method gives rise to a 16 percent
overestimation of deaths attributable to overweight and
obesity.

Bias within age-sex-BMI subgroups

The distribution of estimated excess deaths across age-sex
subgroups and across BMI categories by the two methods is
shown in table 4. The hypothetical true values are shown as
WS1 (weighted sum 1, for confounding only) and WS2
(weighted sum 2, for effect modification). The bias in the
partially adjusted method can be seen by comparing the
values for the partially adjusted method in table 4 with the
values for both weighted sums.

Results varied within the detailed age-sex-BMI subgroups
and according to whether there was confounding only or also
effect modification. In both cases, however, the partially
adjusted method tended overall to overestimate excess
deaths of elderly men and women and to overestimate deaths
at higher BMI levels (=30).

Effect of characteristics of the derivation cohort

Even if the relative risks within age-sex subgroups are
identical between the derivation cohort and the target popu-
lation, the derivation cohort may differ from the target popu-
lation in terms of the distribution of subgroups, the
prevalence of obesity, or the absolute risk of disease within
the reference BMI category. The weighted-sum method is
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not affected by these differences between the derivation
cohort and the target population. When there is confounding
only, such differences also have no effect on the bias from
the partially adjusted method. However, when there is effect
modification, such differences affect the degree of bias from
the partially adjusted method.

The two oldest age categories (80—84 years and =85 years)
accounted for 3.4 percent of our target population. We
allowed the proportion in the derivation cohort to increase or
decrease by three percentage points, to 6.4 percent or 0.4
percent, respectively. Including a lower proportion of elderly
in the derivation cohort increased the bias from use of the
partially adjusted method; having a higher proportion
decreased the bias (table 5). We also constructed derivation
cohorts in which the prevalence of obesity (BMI >30) was 10
percentage points higher or lower than the target population
but were otherwise identical to the target population. A
lower prevalence of obesity in the derivation cohort
increased the bias from the partially adjusted method; a
higher prevalence decreased the bias (table 5). Similar but
smaller effects were associated with an increase or decrease
in the probability of mortality within the reference category
(data not shown).

Differences in relative risk between the target population
and the derivation cohort

The relative risk estimates in a derivation cohort may not
be perfectly identical to the true relative risks in a popula-
tion. We allowed the relative risks in the derivation cohort to
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TABLE 5. Effect of differences between the derivation sample and the target population when there is

effect modification

Relative to the target population,

Target population

Derivation sample  Partially adjusted

the derivation sample has (%) (%) method (no.) Bias (%)
No differences 230,052 16
A lower proportion of elderly 3.4 0.4 283,377 42
A higher proportion of elderly 3.4 6.4 198,931 0
A lower prevalence of obesity 22 12 240,127 21
A higher prevalence of obesity 22 32 217,949 10

* Relative to a hypothetical true value of 198,924.

be lower or higher by 0.01, 0.05, 0.10, or 0.20 than those in
the target population. In the target population, the respective
risks were 1.08, 1.33, and 1.68 for the three BMI exposure
categories 25—<30, 30-35, and >35; we allowed these risks
to become as low as 0.88, 1.13, and 1.48 or as high as 1.28,
1.53, and 1.88. For the two higher categories, these values
are well within the 95 percent confidence limits for the orig-
inal hazard ratio estimates. The results were similar for both
confounding and effect modification, and only the effect
modification results are presented in this paper (table 6). In
this situation, both the weighted-sum method (applied by
using the relative risks from the derivation cohort) and the
partially adjusted method give biased results.

The relative risk for the lowest BMI category (<23), which
was used as a nonexposed nonreference category, also
affected the results (data not shown). The higher the relative
risk in the BMI <23 category, the lower the total estimated
number of deaths due to overweight and obesity when all
else was held constant.

DISCUSSION

As discussed by Rockhill et al. (15), a common error in
PAF calculations is to use an inappropriate formula for
calculations when the relative risk is adjusted for

confounding variables. In calculating deaths in the United
States attributable to overweight and obesity, Allison et al.
(7) adjusted their risk estimates for age, sex, and smoking
but used an attributable risk formula for an unadjusted rela-
tive risk, which may be called the partially adjusted method.

Our numerical examples, using plausible values for the US
population, suggest that the Allison et al. (7) method of
calculating deaths attributable to overweight and obesity
may result in substantial bias when there is confounding or
effect modification. It is well established in the statistical
literature that using an adjusted relative risk estimate with an
attributable fraction formula for an unadjusted relative risk
will not in general give unbiased estimates when there is
confounding (13). The degree of bias has not often been
quantified, however. In the US population, age and sex are
associated with both obesity and mortality and thus
confound the obesity-mortality relation. In our example, the
partially adjusted method gave an estimate too high by 17
percent when confounding by age and sex was not fully
accounted for.

The method used by Allison et al. (7) also did not allow for
effect modification. However, when there is effect modifica-
tion (interaction), that is, differential effects of obesity by
age or other factors, yet further bias can arise from the
partially adjusted method when the derivation cohort differs

TABLE 6. Effect of differences in relative risk in exposure categories between the derivation sample and

the target population

Estimates using relative risks from the derivation sample

Compared with the target
population, the derivation

Partially adjusted
method and lower

sample’s relative risks are Vr\;zl%:gzd(:gr)n Bias (%)* Pa;ﬂ;mg(zw cf. t)ed Bias (%)* ?r:e(;/;‘:ﬁ,g?f) r?fsglmg Bias (%)*
(no.)
Higher by 0.20 365,125 84 392,062 97 436,697 120
Higher by 0.10 285,831 44 314,706 58 363,397 83
Higher by 0.05 243,396 22 273,355 37 324,283 63
Higher by 0 .01 207,988 5 238,875 20 291,707 47
Lower by 0.01 189,770 -5 221,145 11 274,970 38
Lower by 0.05 152,259 -23 184,657 -7 240,551 21
Lower by 0.10 103,237 —48 137,015 —31 195,668 —2
Lower by 0.20 —2,639 —101 34,284 —83 99,107 -50

* Relative to a hypothetical true value of 198,924.
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from the target population. Allowing the prevalence of the
older age groups (=80 years) to be slightly lower in the deri-
vation cohort than in the target population led to a bias of 42
percent when the partially adjusted method was used
(283,377 excess deaths rather than 198,924—a difference of
almost 85,000 excess deaths).

In both of the above situations, if relative risks and deaths
attributable to overweight and obesity are calculated sepa-
rately for each subgroup (the weighted-sum method), the
sum of deaths attributable to overweight and obesity will be
correct. If the relative risk estimates from the derivation
cohort are slightly inaccurate, however, neither a single
adjusted risk estimate nor the weighted-sum method will
give the correct results. Our numerical examples show that a
variation of 0.1 or 0.2 in relative risk estimates can poten-
tially produce an extremely large bias in the estimated deaths
attributable to overweight and obesity, both with the
partially adjusted method and with the weighted-sum
method.

We demonstrated the possible magnitude and direction of
the bias in estimates of deaths attributable to overweight and
obesity in the United States with numerical examples that
used plausible values of the mortality relative risks for age
groups in the US population. These explorations suggest that
when the mortality relative risk is estimated with a single
age-adjusted relative risk, overestimation of deaths attribut-
able to overweight and obesity in the US population is more
likely than underestimation.

Certain types of differences between derivation cohort and
population appear more likely than others. Sample selection
in many cohorts underrepresents the elderly, particularly the
older elderly. In addition, the proportion of elderly in the
population has also increased over time. Thus, it is unlikely
that a cohort study conducted some years previously will
have as high a proportion of elderly as the general population.

The relative risks associated with obesity may be different
in epidemiologic cohort studies than in the general US popu-
lation (16). Many cohort studies exclude, either in sample
selection or in analysis, people at a higher risk of mortality,
such as those in hospitals and nursing homes, those with
cancer and heart disease at baseline, current smokers, and
former smokers. For those excluded, the relative risk associ-
ated with obesity may be lower. For example, in the study by
Calle et al. (11), limiting the analyses to subjects who had
never smoked and who had no history of disease at enroll-
ment increased the relative risk associated with high BMI.
After these exclusions, relative risks in cohort samples may
tend to be overestimates of the true mortality relative risk for
overweight and obesity in the entire US population.

The relative proportions of the elderly, the death rates for
the nonobese, and the prevalence of obesity in many cohorts
are likely to be lower than those in the US population as a
whole, and the relative risk may also be higher because of
exclusions. In our numerical examples, a combination of
these characteristics, including an overestimation of the rela-
tive risk by 0.1 and a lower proportion of older elderly in the
sample, led to a remarkable 83 percent overestimation of
deaths attributable to overweight and obesity. An overesti-
mation of the relative risk by 0.2, coupled with a lower
proportion of elderly, led to more than a doubling of the
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number of attributable deaths, with a bias of 120 percent
(436,697 deaths rather than 198,924 deaths). These estimates
are potentially very sensitive to minor differences.

The biases were greater for older people and for those with
higher BMIs. Thus, the bias due to applying this method in
the US population may increase over time as a higher
proportion of deaths occur in older people and as obesity
increases. In 1991, 51.7 percent of deaths in adults occurred
in those 75 years of age or older; the corresponding figure in
2000 was 57.8 percent. Another consideration is whether the
estimate of interest is all deaths attributable to overweight
and obesity or only premature deaths occurring at ages of
less than 75 years. If we restrict attention to deaths occurring
in people under 75 years of age, the estimated number of
deaths due to overweight and obesity would be considerably
smaller (ranging from ~110,000 to ~149,000 in our exam-
ples), regardless of what method is used.

This paper has focused on how estimates of the number of
deaths attributable to a risk factor can be biased if the esti-
mates are calculated improperly or if the relative risks are not
estimated accurately. Another issue is the construction of
confidence intervals that reflect the random variation of
these estimates. Previous estimates of the number of deaths
attributable to overweight and obesity do not provide confi-
dence intervals, perhaps because of the complexity of the
estimates that involve combining estimates of complex
quantities from multiple data sources. However, if the orig-
inal data from the various sources are available, bootstrap or
jackknife methods (17) can be applied to obtain standard
errors from which confidence intervals can be constructed.
Estimates of numbers of deaths attributable to overweight
and obesity may be surprisingly unreliable, particularly if the
relative risks are based on small numbers of outcomes or if
the sample sizes for estimating exposure to risk factors are
not large.

Estimates of the attributable number of deaths due to a risk
factor, such as obesity, can be dramatically affected by the
relative risk estimates that are used. We recommend that
sensitivity analyses be included in future studies. It would be
advisable to estimate the attributable number of deaths
several times by using relative risks estimated under alterna-
tive models, for example, with and without various interac-
tions with other risk factors.

Existing estimates of the number of deaths attributable to
overweight and obesity (7) were calculated by using a
method likely to produce biased estimates when the effects
of obesity vary by age or other characteristics. Estimates of
deaths attributable to overweight and obesity arrived at by
using this approach may be biased and should be viewed
cautiously.
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