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Abstract

Continued mortality improvement in the last decades has been accompanied
by a large increase in body weight. Today, the majority of the US population
is considered overweight or obese, and it has been suggested that if the cur-
rent trend in body weight continues, the continuing rise in life expectancy
would stop. Empirical evidence, however, is limited. Using data from the Sec-
ond and Third National Health and Nutrition Examination Survey (respective
baseline at 1976-80 and 1988-92), this study will accomplish two tasks. First,
it examines whether the weight /mortality associations have varied over time.
Second, it estimates life expectancy at age 20 for the two periods, and quanti-
fies the respective roles in expectancy changes of a changing population weight
distribution, and changing weight /mortality associations, using a standard de-
composition procedure. All estimates are standardized by a standard smoking

distribution to account for well-documented changes in smoking behavior.

1 Background

People are living longer. Life expectancy at birth in the US has increased from about
40 years at the turn of the 20th century to 77 years at its end, with about half of
the rise achieved during the last three decades of the 20th century. Are people living
a healthier life as well? The overall picture is positive. Compared with those living
at the turn of the 20th century, people are less likely to have chronic diseases or
disabilities now (Costa 2002). A rise in the observed prevalence of disabilities, and
greater proportion of life spent in ill health were detected from data in the 1960s
and 1970s (Verbrugge 1984; Crimmins, Saito and Ingeneri 1989). This expansion of
morbidity, however, seems to be temporary, as evidence for the 80s and 90s indicates
either no clear trend or a decline in the levels of disability, especially for the elderly
using common measures such as having difficulty or needing help with daily activities
(Crimmins, Saito and Ingeneri 1997; Freedman et al. 2004). Cohort studies on the

prevalence of disability and disease conditions have also found an overall pattern of



improvement among the elderly (Manton, Stallard and Corder 1997; Reynolds, Crim-
mins and Saito 1998). But there is some evidence for a decline of health for younger
adults, especially among the less educated subgroups (Lakdawalla, Bhattacharya and
Goldman 2004; Reynolds et al. 1998).

Despite the overall optimism, health experts and the public have been alerted to
the looming public health storm of obesity. Although the increase of body height and
weight has been associated with factors responsible for the declines in mortality and
morbidity (Fogel 1994), excess body mass is associated with a host of fatal diseases
such as cardiovascular diseases, hypertension and stroke, cancer, Type II diabetes,
gallbladder diseases, and with less life-threatening but debilitating conditions such
as osteoarthritis and pulmonary diseases (WHO 2000). Since the 1960s, the mean
weight of American adults aged 20-74 has increased by 11 kilograms (24 pounds);
and the mean Body Mass Index (BMI, calculated as weight in kilograms divided by
squared height in meters) has increased by 2.7 and 3.3 units to 27.8 and 28.2 for
adult men and women, respectively (Ogden et al. 2004). Today, about two of every
three American adults have a BMI greater than 25 and are considered overweight or
obese (Flegal et al. 2002). This rapid rise in body mass has been observed of all
ethnic groups and socio-economic strata. Although the prevalence of overweight and
obesity has been higher in more disadvantaged sub-populations, the pace of rise in
body weight has been faster among the traditionally less vulnerable groups.

What are the health implications of these trends in body weight? Olshansky et al.
(2005) argued that obesity is responsible for a reduction of one third to three fourth
of a year in period life expectancy at birth in the United States in 2000, and that
the amount of life shortened would increase in the coming years because “the obese
who are now at younger ages carry their elevated risk of death into middle and older
ages.” It has also been suggested that if the current trend in body weight continues,
the continuing rise in life expectancy would stop (Olshansky et al. 2005), and recent
gains in disability among older Americans would be wiped out (Sturm et al. 2004).

Empirical evidence, however, is limited regarding the role of body weight in recent



mortality trends. The two studies that examined trends in mortality and body weight
covered different time periods, and found opposite trends in how mortality varies by
body weight. An increase from the end of the 19th century to early 1970’s was
observed when analyzing the Union Army Records and the 1971-75 National Health
and Nutrition Examination Survey (NHANES I) (Su 2005), whereas a decline was
reported in an analysis using the three NHANES data sets, with their respective
baseline at 1971-75 (I), 1976-80 (II) and 1988-1992 (III), and the first two followed
through 1992 and the last followed through 2000 for mortality (Flegal et al. 2005).
The results in this second analysis have been questioned, on the grounds that the
three datasets differ in length of mortality follow-up, and the excess mortality of
excess weight may appear to be smaller with a shorter follow-up because a longer
follow-up may allow the dying out of a subset of the reference normal-weight group
who have been ill and lost weight, and who should elevate the level of reference
mortality (Greenberg 2006). In addition, my own preliminary check of the NHANES
IT mortality data found that of the 3121 deaths through the year 1992 that were
recorded by the National Center for Health Statistics in its 2005 restricted release,
976 deaths are short in the public release file that was based on a prior mortality
linkage with the National Death Index, and used to obtain the results in Flegal et al.
2005. For these analytical and data quality concerns, it remains uncertain whether
excess mortality associated with excess body weight has increased or declined in recent
decades.

This study seeks to address the gaps, using data from the 1976-80 NHANES II
and 1988-92 NHANES III, including the restricted file for NHANES II mortality and
the recent public release of NHANES III mortality, and US national mortality for the
corresponding years (1976-80 vs. 1988-92). It has two specific tasks. First, I examine
changes in mortality differentials by body weight from the late 1970’s to the early
90’s. Second, I calculate life expectancy at age 20 for the two periods, and quantifies
the respective roles in these period trends of a changing population weight distri-

bution, and changing weight /mortality associations. The Gompertz model is used



to analyze age-specific mortality and mortality differentials. Decomposition tech-
niques (Das Gupta 1999) are used to partition temporal changes in expectancies into
changes associated with population weight distribution (referred to as distribution
component), and changes associated with weight/mortality associations (referred to
as survival component).

The expectancy estimates are smoking-standardized by using a standard smoking
distribution that is expressed in two groups (ever vs. never smokers), and analyzing
the weight distribution and weight /mortality association conditional on smoking sta-
tus. The health hazards of smoking and the secular trend in the past decades of smok-
ing cessation and reduction are well-documented (CDC 2002). The weight/mortality
association may also differ between smokers and nonsmokers (e.g., Breeze et al. 2006;
Calle et al. 1999). With the use of a smoking standard, the expectancy estimates
for the corresponding years would not match the actual numbers. The standardized
estimates, however, help to focus on the changing relationship between body weight
and population health that is not influenced by changing population composition in
smoking.

There is immense uncertainty and interest in the future course of mortality. A
focus on the trend of a risk factor such as excess weight that is experienced by a
majority of the population helps to reduce uncertainty and to target public health
interventions more effectively. A few studies have separately examined changes in
population weight distribution (e.g., Arterburn, Crane and Sullivan 2004; Flegal et
al. 1998; Flegal et al. 2002) and changes in health risks associated with body weight
(e.g. Flegal et al. 2005; Su 2005), each presenting a more or less pessimistic view of
the future. Combining the two approaches would bring a more balanced and more

holistic view to the discussion.



2 Notation and Quantities

The analysis uses a mixture of statistical notation (for population risk factor distri-
butions) and demographic life table notation. For 5-year age group z at time ¢, the

following indices and quantities are used:
e Indices (See the data section for details about the definition of variables):

— S: Smoking status, s = 1 (ever smokers), and 2 (never smokers)

— W: Body weight status, w = 1 (lean), 2 (overweight), and 3 (obese)
e Distributions for risk factors:

— PY(S): Smoking distribution.

— P!(S): Standard smoking distribution.

— PLW|S): Weight distribution at each level of smoking status
e Smoking-standardized life table quantities:

— Total mortality 5 M%*, standardized by smoking (indicated by the right su-
perscript s), which is a weighted average of smoking-weight-specific mor-

tality s ML(WS):

sMy* =3 Pr(S8) Y Pr(WIS) - sMy(WS) (1)

S

— Death probability from age = to x + 5, assuming that deaths occur in the

middle of the five-year age interval:

ts __ 5- 5M;’S
e T 0. M

— Number of persons alive in the life table population:

5 =15 (1—5¢b*) (3)



— Person-years lived between age = to = + 5:
sLY* =5 1575 +2.5- (I — 1) (4)
— Life expectancy between age 20 with radix log = 1:

e = D 5Ly’ (5)
2=20

A decomposition procedure developed by Das Gupta (1999) is used to partition
temporal changes in life expectancy (A®) into two components: changes in population
weight distribution (referred to as distribution component A®(W)), and changes in

weight-specific survival (referred to as survival component A*(M)).
To show the logic of the decomposition procedure, I re-express life expectancy,
using I’ to denote the function that transforms population risk factor distributions
and mortality into life expectancy (that is, Eq. (1), Eq. (2), Eq. (3), Eq. (4) and

Eq. (5)), and using underline for vectors of age-specific values:

esp = F[P"(S), P'(W|S), M'(WS)] (6)

To obtain the distribution component, the procedure differences the expectancy
estimates at two time points when the distribution factor is varied as it did, but the
mortality factor is held constant by taking an average over two expectancies using

mortality observed respectively at the two time points:

AS(W) =
F[P"(S), P2(W1S), M®(WS)] + F[P(S), P (W|S), M (WS)]
2
F[P(S), P (W|S), M2 (WS)] + F[P'(S), P (W|S), M" (W S)] -
2




Similarly, we obtain the survival component:

AS(M) =
F[P(S), P2(W|S), M2(WS)] + F[P(S), P*(W|S), M*(WS)]
2
F[P(S), Ph(W|S), M (WS)] + F[P(S), P(W|S), M4 (WS)] .
2

It can be shown that A®* = A*(W) + A%(M).

From Eq (7) and Eq (8) it can be told that when the population weight distribu-
tion shifts to the right, and survival by each weight status improves over time, the
distribution component is most likely negative and the survival component, positive.
It is less certain as to which component dominates. Actual life expectancy has been
increasing continuously over the study period. Whether this is true for smoking-
standardized estimates is not entirely clear. In an age-period-cohort analysis that
specifies cohort proportion ever smoking as the cohort variable, declines in period
mortality rates between age 50 and 85 have been found to be muted but not com-
pletely eliminated when smoking is accounted for in the model (Preston and Wang
2006). Suppose smoking-standardized expectancies are increasing, then obviously the

survival component dominates the distribution component over time.

3 Data

Data come from the Second (1976-80) and Third (1988-92) National Health and Nu-
trition Examination Survey (NHANES) conducted by the National Center for Health
Statistics. Each survey examined and interviewed a nationally representative sample
of the US non-institutionalized population at the baseline, and followed through the
year 2000 for subsequent mortality. NHANES II mortality was available in a restricted
file provided by the NCHS, and NHANES III mortality has been released in a public
file. T will also use US national mortality to estimate life expetancy, assuming that

that body weight distributions and mortality ratios by weight are the same between



the non-institutionalized and institutionalized population. Analysis would be done
separately for men and women.

At each survey baseline, body weight and height were measured with standard
procedures. Body mass Index (BMI) is calculated as weight in kilograms divided by
squared height in meters. BMI would be divided into three groups, as done in Gregg
et al. 2005:

e Lean (BMI < 25)
e Overweight (25 < BMI< 30)
e Obese (30 < BMI)

The lean category combines the underweight and normal-weight group in the World
Health Organization (2000) guidelines, because of the small number of cases that are
underweight. My preliminary analysis suggests higher underweight mortality than all
other weight categories, but the main results are unlikely to differ due to the small
number of underweight cases.

Smoking status is coded as ever smoker if the respondent reports having smoked
at least 100 cigarettes in his/her entire life, and never smoker otherwise.

The two surveys cover a different age range. NHANES III has no upper limit,
but codes everybody aged 90 and older as 90 in the public file. NHANES II limits to
those aged 74 or younger. The analysis includes those aged 89 or younger, and will
use extrapolation to estimate populaiton smoking and weight distribution at ages not
covered in NHANES II.

The final NHANES II sample has 11765 cases, and the NHANES III sample,
16676 cases. The number of cases in the un-weighted sub-samples defined by broad
age groups, smoking and BMI status are reported in Table 1 for men and women
separately in each survey.

The graphs are all based on data using sample weights. Figure 1 shows sex-age-

specific proportions of ever smokers. As expected, the smoking proportions have



declined over time, more so for men. The NHANES III curves are higher at older
ages, probably due to the survival improvement of more recent ever smokers.

Sex-age-specific proportions of the overweight or obese are shown in Figure 2. All
curves rise and drop, as typically observed in the weight trajectories of cross-sectional
populations. A recent longitudinal analysis has attributed these age patterns to birth
cohort differences in body weight, and illness-related weight loss of the heavy weight
at older ages (Barone et al. 2006). Women’s curves generally peak 10 or 15 years
later, and the drop is less strong than men’s curves, suggesting sex differences in
weight history. For both men and women, the proportions tend to be higher for
never than ever smokers, and in NHANES III than NHANES II. Further logistic
regression analysis will determine whether these differences are statistically significant
at conventional levels.

Mortality conditional on weight and smoking status (sM‘(WS)) are calculated
from all-cause US national mortality, and NHANES II and NHANES III. The survey
data are used to derive mortality ratios by weight status relative to the lean category.
For each five-year age group, let 5M! denote national mortality, s M:(W.S) weight-

smoking-specific mortality, and 57% (W.S) weight-smoking-specific mortality ratios, us-

ing the mortality of the lean category as reference (5rL(W = w,S) = =19

w=2, 3). The following two identities are used to derive smoking-weight-specific

mortality 5 ME(WS).
sMy(WS) = 5, (WS) - s My (W = 1,5) (9)

sMy = Pr(S) Y Py(WIS) - s M (WS) (10)

Men’s age-specific mortality ratios, based on three-year averaged mortality, are
shown in Figure 3, separately for ever and never smokers in NHANES III. The mortal-
ity ratios of the overweight and obese seem to be higher for never- than ever-smoking
men. Note the gap in the never-smoking curves results from no death in the reference

lean group at the particular age points.
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Women'’s ratio curves are shown in Figure 4. The age patterns look similar across
smoking status. Visually it is difficult to determine whether the ratios are larger
for never smokers because of big fluctuations in the ratio estimates. Using sampling
weights tends to increase variations in estimates. In the un-weighted data (not shown
here), the curves, with much less fluctuation, appear higher for never smokers.

I have not analyzed NHANES II's confidential mortality data, but the NCHS has
approved my proposal to access the data. Further parametric survival analysis will
focus on whether the BMI mortality differentials vary by smoking status and time
periods. Also note that in Figure 3 and Figure 4, ratio estimates for the overweight are
no less than those for the obese, whereas previous studies found no excess mortality
of the overweight relative to the normal-weight. Mortality from NHANES II would
allow me to investigate the changes, if any. The analysis will be finished at the end

of this year.
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