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Introduction

The unequal distribution of health outcomes across social groups such as gender, race,
ethnicity, and socioeconomic position has become an important dimension of U.S. public health
policy, and the elimination of social inequalities in health is now an explicit public health goal.!
But measuring progress toward this goal is complicated by a number of factors, such as whether
health inequality should be measured on a relative or absolute scale and how inequality across
several social groups should be summarized.? An equally difficult issue, but one that has
received less attention, is the fact that the size of the social groups across which health
inequalities are to be eliminated may change as a result of social policies that, at least in the
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abstract, have little to do with public health. These changes in so-called “upstream
such as immigration and education policy may dramatically shift the race-ethnic and educational
composition of the population over time, and the impact of such changes on population health
may be substantial, especially over longer time periods. For example, Hayward et al. found that
the historic 20™ century rise in education in the U.S. dramatically increased the active life
expectancy of older adults from 1900-1992.*

Such changes also clearly have implications for the overall population health impact of social
inequalities in health. Some studies ignore such shifts in population composition or treat them as
a nuisance,”’ while other studies of health inequality trends attempt to account for changes in
social groups compositions.>*® Changes in population structure may either mitigate or
exacerbate health inequalities, and the extent to which they do so may also differ depending on
whether one looks at inequality on an absolute or relative scale. For example, the upward shifts

in the distribution of education over the past several decades** combined with widening

educational differences in rates of smoking® may lead to worsening relative inequalities but



smaller absolute inequalities as fewer individuals remain in the higher risk educational groups.
Taking this kind of population health-oriented view of health inequalities, there could thus be
two potential factors contributing to inequality change: change in the health of social groups
over time and change in the distribution of social groups over time. One of the aims of this
analysis is to quantify the relative contributions of these two dimensions of health inequality
change.

This analysis focuses on inequality trends for two health outcomes, tobacco use and obesity.
Both are considered “Leading Health Indicators” for the year 2010, are important contributors to

12-14 and are health outcomes for which social

morbidity and mortality among the U.S. population,
inequalities are well-documented.®**>*® Understanding how inequalities in smoking and obesity
have changed over time facilitates a greater understanding of the dynamic links between social
position and health and may be a first step in generating hypotheses about the causes of such
changes.

This analysis has three aims, reflecting both methodological and substantive purposes: (1) to
measure the trend in both relative and absolute inequality for smoking and obesity among age,
sex, race, and education groups; (2) to decompose the change in inequality and quantify the
relative contribution of changing rates of health and changing population distribution among

social groups; and (3) to identify which social groups have been most influential in contributing

to the change in inequality.



Methods

Data

The data for this analysis came from two sets of nationally-representative health surveys.
Sample weights were used in each survey to account for unequal sampling probabilities and
nonresponse. Trends in current smoking were investigated using smoking supplements to the
National Health Interview Survey (NHIS), beginning in 1965 and ending in 2003 (n=876,280).
Individuals missing information on age, gender, race, and education were excluded (2.0%),
leaving an analytic sample of 859,014. Individuals who reported ever smoking 100 or more
cigarettes in their lifetime and who currently smoke were considered “current smokers.” The
proportion of current smokers was calculated for each survey year by age (18-24, 25-44, 45-64,
65 and over), gender, race (white, non-white), and education (<12 years, 12 years, 13-15 years,
16 years or more). Analyses in which education groups were cross-classified by age excluded
individuals 18-24. A nonparametric local regression smoothing technique® was used to assist in
minimizing the sampling variability across survey years. The regression model used a quadratic
fit over the span of calendar years and was weighted by the sample size of the age-gender-race-
education group. This model can capture the non-linear changes in smoking behavior and has
been used in previous analyses of NHIS smoking data.?"*?

Trends in obesity were assessed using data from five adult samples of the National Health
Examination Surveys (NHANES): the Health Examination Survey (1959-62), NHANES I
(1971-74), NHANES 11 (1976-80), NHANES I11 (1988-94), and NHANES 1999-2002

(n=56,311). For ease of presentation, the midpoint of data collection years for each survey was

used as the survey year (1961, 1973, 1978, 1991, 2000). While the examination surveys are not



conducted as frequently as the NHIS, they have the advantage of obtaining measured, rather than
self-reported, height and weight. Self-reported height and weight are subject to bias, and the

extent of bias differs with social group characteristics,?*

which makes using self-reported data
for assessing inequalities difficult. Pregnant women were excluded, and individuals were
categorized as obese if they had a body mass index (BMI) of 30 or greater. The analysis was
restricted to individuals 18-74 years of age with no missing data on age, gender, race, or
education. In order to minimize the effect of extreme or implausible values of BMI individuals
falling outside the 1% and 99" percentiles of the BMI distribution in each survey year were
excluded. The above exclusions yielded an analytic sample of 54,066 individuals. Age was
categorized as 18-24, 25-44, 45-64, and 65-74. In order to maintain a consistent grouping across
surveys, education was categorized as <12 years, 12 years, or greater than 12 years (NHANES
1999-2002 did not disaggregate those with >12 years of education). Due to small samples in
early surveys, race was categorized as white/non-white across all surveys, but some

supplementary analyses for the period from 1978 onward are also presented using

white/black/other.

Measurement of Inequality

There are many ways to measure health inequality, and different measures of health
inequality reflect, implicitly or explicitly, value choices about what dimensions of inequality are
thought to be important (see Chapter 2 for a comprehensive review of methods for measuring
health inequalities).? In this analysis, health inequality was measured using decomposable
population-weighted measures of inequality, and was measured on both relative and absolute
scales. The use of both absolute and relative measures of inequality provides a more complete

picture of health inequality trends. If health inequalities are widening on a relative scale but



narrowing on an absolute scale this may indicate important progress among all social groups, and
focusing on either relative or absolute inequality alone may lead to different conclusions about
which health inequalities should be prioritized.” The use of decomposable population-weighted
summary measures of health inequality allows changes in population structure to affect the level
of and trend in inequality, and permits the decomposition of inequality change into the effects of
changes in health and changes in population distribution. Population-weighted inequality
measures thus reflect the population health burden of health inequalities, which may be
especially relevant for comparing inequality across time and across different health outcomes.
Two summary measures of inequality were used: the Mean Log Deviation (MLD) as a
measure of relative inequality, and the Between-Group Variance (BGV) as a measure of absolute

inequality. The formulae for calculating the MLD and BGV are

J
MLD =) p, —Inr, [1]
j=1
J
BGV=zpj(yj _/1)2 [2]
j=1

where pj is the proportion of the population in group j, y; is the prevalence of smoking/obesity, p
is the total prevalence, and r; is the ratio of the prevalence of smoking/obesity in group j to the

total prevalence (i.e., r; = y;/u). Both measures are population-weighted, are more sensitive to

health differences further from the average rate (by the use of the logarithm in the MLD and
squaring differences from the mean in the BGV), and may be used for both ordered social groups
(education) and unordered groups (gender, race).

Measuring between-group inequality in health using the population-weighted inequality
measures above makes clear that changes in the value of inequality over time are a function of

two quantities: changes in rates of health, i.e. changing prevalence ratios (r;), and changes in



population shares (p,-).27 Both inequality measures used in this analysis are “additively

decomposable™?#

and can therefore quantify the relative contribution of changes in
smoking/obesity rates and changes in population shares to the overall change in inequality.

In order to assess the relative contributions of changes in health and changes in population
distribution to the change in total inequality, the following decompositions for the MLD and

BGV were used: 3

AMLD = 3" (r; =Inr))Ap; + " (p;r; = p))AIny, 3]

ABGV =" (v, - #)°Ap; + X DALY, — 1)’ [4]

where pj, 1j, j, and p are defined as before, and the overbar and A indicate, respectively, the
average and the change between two time points. Using these formulae the total change in
between-group inequality can be decomposed into two unique parts. The first term on the right-
hand side of equations [3] and [4] measures the effect of changing population shares and the
second term measures the effects of changes in smoking/obesity rates on between-group
inequality. Thus, the relative contribution of rate changes to inequality change can be calculated
by dividing second term in the decompositions by the sum of both terms.

Unfortunately, while the above decompositions can partition the overall inequality change
into “rate effects” and “population effects,” it does not reveal which social groups have
contributed most to the change in inequality and this may be important information in thinking
about interventions to reduce inequality. However, one way of assessing the contribution of
specific social groups is to compare the observed change in inequality with a counterfactual case
in which the rate of health change or population change for a specific social group (e.g., black
females ages 25-44 with 12 years of education) is set to the total population rate rather than their

observed rate.?”**** Inequality is then recalculated for the last period (e.g., the year 2000), and



the value of the inequality measure obtained in this counterfactual case may then be compared
with the observed change. Larger differences between the actual and counterfactual values

indicate more influence on the change in inequality.

Results

Trends in Inequality

The observed and regression-smoothed trends in the prevalence of smoking for education
groups, by race and gender, are displayed in Figure 1. Among both non-white and white males
in 1965 the lowest rates of current smoking were among those with 16 or more years of
education, with rates generally higher for non-whites compared to whites. It is also apparent
that, while rates of smoking have declined impressively among all education groups, the rate of
decline has been slower among the less educated groups since the mid-1970s. For females the
pattern is different in 1965, as those with <12 years of education had the lowest rates of current
smoking, but, similar to the pattern for males, declines in current smoking have been stronger for
more educated groups, particularly those with at least a college degree.

Figure 2 shows trends in the prevalence of obesity for three education groups (<12 years, 12
years, >12 years), by race and gender. Across all four graphs it is clear that the rise in obesity
occurs after 1978, and occurs among all education and race-gender groups. The rise appears
steeper for white compared to non-white men, and there is actually a reversal of educational
differences in obesity among non-white females, with the lowest obesity rates among in 2000

among those with <12 years of education.



Figure 1. Observed and smoothed prevalence of current smoking among education groups, by sex and
race, NHIS 1965-2003.
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Figure 2. Prevalence of obesity among education groups, by sex and race, NHANES 1959-62 to 1999-
2002.
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Figure 3. Trends in relative (MLD) and absolute (BGV) inequality in the prevalence of current smoking
and obesity among age, gender, race, and education groups, 1960-2003.
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Figure 3 shows trends in relative (MLD) and absolute (BGV) inequality for current smoking
(upper panel) and obesity (lower panel), for age, gender, race, and education groups analyzed
separately. Relative inequality in smoking has increased dramatically among education groups
since 1965, while gender inequality has substantially declined. Absolute inequality in smoking
has declined among all social groups except education, which increased from 1965 to 1995 and
has remained constant since. Relative inequality in obesity was largest between age and
education groups in 1961, both of which declined substantially from 1978-2000. Absolute
inequality in obesity also declined for education groups, but has increased for age and gender
since 1978. It is also worth noting that, while relative inequality among race groups has
declined, the trend in absolute inequality is increasing since 1991 if race is categorized as
white/black/other but decreasing if categorized as white/non-white. This indicates that the use of
the grouping “non-whites” masks heterogeneity within this group. It is also worth noting that in
1965 there was far less absolute inequality in obesity than for smoking (note the difference in the
scales), which reflects the fact that rates of smoking were so high in the 1960s. The use of
relative inequality measures alone would not capture this difference. There was little change in
obesity rates from 1961-1978, and therefore little change in inequality. Therefore, the
subsequent analysis of inequality change was limited to the period 1978-2000 (results from
1961-2000 were similar since the obesity rates of social groups remained relatively constant
from 1961-1978).

Table 1 shows the results for changes in inequalities in current smoking for age, gender, race,
and education groups, and for all possible social group cross-classifications. Of necessity, the

amount of inequality increases with increasing social group stratification, such that in 1965 there
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is more relative inequality between the six age-gender groups (85.8) than between either age
(49.0) or gender (23.5) groups alone. In 1965 most of the relative inequality in smoking was
between age groups and gender groups, but over the past 40 years gender inequality has declined
by 73.4% while age inequality increased by 18.1% and educational inequality has increased by
almost 2500%. The pattern in 1965 was similar for absolute inequality (BGV), but both age and
gender inequality declined, while absolute inequality by education actually increased by 434.5%.
For the most detailed social group cross-classification (“Age, Gender, Race, Education,” last
row) relative inequality in current smoking has increased by 50.5% and absolute inequality has

declined by 49.6%.
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Table 2 shows the results for changes in inequalities in obesity from 1978-2000, and the picture
is different than for smoking. The largest inequalities at the beginning of the period were
between age groups and education groups, but relative inequalities in obesity have declined for
all social groups, regardless of how they are cross-classified. However, the rise in obesity has
led to increased inequality for most social groups when measured on an absolute scale. The
increase is particularly large for inequality among age groups, where the BGV increased 70%
from 15.8 to 26.8, though in terms of relative change the increase in gender inequality was
larger. The only exceptions to rising absolute inequality were for education groups, which
exhibited declines in both relative and absolute inequality from 1978-2000, and for race groups
when categorized as white/non-white. Separating out black and other within the non-white

group leads to a small increase in absolute inequality, from 5.1 in 1978 to 7.7 in 2000.

Decomposition of Inequality Change

Table 1 also shows that both changes in the rates of smoking and changes in population
distribution have contributed to inequality changes, but their relative contribution differs by
social group category. For example, relative inequality in smoking among age groups has
increased by 18.1%, and the decomposition shows that only 26% of this increase is due to
changing rates of smoking, while 74% is due to changes in the distribution of age groups over
time. Differential declines in smoking rates played a stronger role in the increase in educational
inequality in smoking, accounting for 84% of the increase in inequality. In general, changes in
smoking rates tended to make larger contributions to both relative and absolute inequality
change, but the effects of population change are sizeable for some cross-classifications (40% of
the relative change among age-race groups, 45% of the absolute change among age-race-

education groups).
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In some cases, the relative contribution of rate change and population change are >100% or
less than 0%. This indicates situations where changes in smoking rates and population changes
exerted opposing effects on inequality. For example, the net change in the MLD among age-
gender groups was -22.9 (a decline of 26.7%), and the decomposition indicates that 139.5% of
this change was due to changes in rates of smoking, while -39.5% was due to population
changes. Because the net effect is a decline, this means that if the population shifts across age-
gender groups had not occurred, changes in smoking rates alone would have decreased relative
inequality by even more than they did (i.e., a decline of greater than 22.9). Similarly, if there
were no changes in rates of smoking, changes in population structure alone would have widened

relative inequality.
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Table 2 presents the same decomposition for changes in obesity inequalities. Similar to
smoking, the contribution of obesity changes is relatively larger than population changes. For
many of the three-way and the four-way social group cross-classifications, population changes
made important contributions to the decline in relative inequality and tended to mitigate the
absolute inequality-producing effects of changes in obesity rates. For example, for the most
detailed cross-classification (*Age, Gender, Race, Education,” last row), changes in population
structure from 1978-2000 accounted for roughly 15% of the 73.4% decline in the MLD, and the
BGV would have increased by even greater than 56.8% were it not for the inequality-reducing

effects of population change.

Influence of Particular Social Groups on Inequality Change

While the decompositions presented in Table 1 and
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Table 2 give the overall effects of health changes and population changes on inequality, they
cannot identify which groups were most important to inequality change. The results of the
counterfactual analyses for age, gender, race, and education groups are presented in Table 3.
The influence of a particular group is measured by comparing the change in inequality under
counterfactual conditions to the observed change in inequality. For example, for relative
inequality change in smoking among age groups Table 3 shows that the two most influential
effects on the change in the MLD were faster-than-average population growth among those 65
and over and slower-than-average smoking declines among those 18-24. Had the 65 and over
population grown at an annual rate of 1.6% from 1965-2003 (the total population rate) instead of
their actual rate of 2.0%, relative inequality would only have increased by 6.2% instead of the
actual increase of 18.1%. Similarly, if rates of smoking had declined among 18-24 year-olds at
the population annual rate of 1.7% instead of their actual rate of 1.3%, the MLD would only have
increased 10.4% instead of the observed 18.1%. Recall that the major change for smoking was
the large increase in educational inequality. The counterfactual results for education clearly
show that changes among college-educated individuals account for the bulk of this change.
Were it not for higher annual rates of decline in smoking (-3.2% vs. -1.7% for the total
population) and faster-than-average population growth (3.7% vs. 1.6%), educational inequality in
smoking would still have increased, but by far less than it did. However, the rapid population
growth (4.9%) of those with 13-15 years of education, a group whose smoking rates are in the
middle of the distribution, kept inequality from rising even more than it did.

The faster-than-average rate of obesity growth among those 18-24 (5.4% vs. 3.7% for the
total population) and slower-than average rate among those 45-64 (3.2% vs. 3.7%) were most

influential for declines in relative obesity inequality. Slower-than-average obesity growth among
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non-whites kept relative inequality among race groups from increasing. A separate analysis for
white/black/other showed that the slower growth in obesity was primarily due to the slower
growth among blacks rather than “other race” individuals. Interestingly, the high rate of obesity
growth among those with >12 years of education was most influential in the decline in the MLD
(-30.4% counterfactual change vs. -91.4% observed) and the BGV (169.4% vs. -69.2%

observed).
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Table 1. Change in relative (MLD) and absolute (BGV) between-group inequality in the prevalence of smoking, and the contribution of
changing smoking rates and changing population size to inequality change between 1965 and 2003 NHIS, by age, sex, race and
education.

%Contribution to MLD %Contribution to BGV
Relative Inequality (MLD x 1000) change of changes in: Absolute Inequality (BGV x 100) change of changes in:
Smoking Population Smoking Population
Subgroup 1965 2003 A65-03 %A Rates Change 1965 2003 A65-03 %A Rates Change
Age (18-24,25-44,45-64,65-74) 49.0 57.9 8.9 18.1 25.9 74.2 117.8 36.3 -814 -69.1 110.6 -10.6
Gender (Male, Female) 235 6.3 -17.3 -734 100.0 0.0 84.9 6.1 -789 -92.38 100.0 0.0
Race (White, Non-white) 0.2 11 0.8 331.1 78.6 21.4 0.9 1.0 0.0 4.9 -986.0 1096.0
Education (<12y,12y,13-15y,16+y) 24 628 604 2467.0 84.3 15.7 8.6 46.1 375 4345 86.8 13.2
Age, Gender 85.8 62.8 -229 -26.7 139.5 -39.5 198.4 42.1 -156.3 -78.8 106.9 -6.9
Age, Race 49.3 635 14.2 28.8 60.1 39.9 118.9 425 -76.4 -64.2 112.5 -12.5
Age, Education* 57.7 1395 81.7 1416 95.6 4.4 1412 1042 -37.0 -26.2 66.6 334
Gender, Race 24.0 79 -16.1 -67.0 109.9 -9.9 87.6 72 -804 -91.8 105.8 -5.8
Gender, Education 28.2 69.4 412 1463 85.2 14.8 101.0 55.2 -45.8 -453 83.3 16.7
Race, Education 2.8 64.8 62.0 22475 84.9 15.1 9.8 48.3 38.5 3923 89.0 11.0
Age, Gender, Race 86.8 69.4 -17.4  -20.0 165.6 -65.6 201.6 48.3 -153.3 -76.0 110.6 -10.6
Age, Gender, Education* 99.6 1444 448 44.9 100.8 -0.8 231.1 1100 -121.1 -524 79.5 20.5
Age, Race, Education* 58.1 144.7 86.6 149.1 96.8 3.2 1424 1115 -309 -21.7 55.1 44.9
Gender, Race, Education 28.7 720 434 1514 84.1 15.9 103.6 57.4  -46.3 -44.7 87.6 12.4
Age, Gender, Race, Education* 100.6 151.3 50.7 50.5 98.4 1.6 233.6 117.8 -115.8 -49.6 80.3 19.7

*Ages18-24 excluded from analyses where age and education are cross-classified
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Table 2. Change in relative (MLD) and absolute (BGV) between-group inequality in the prevalence of obesity and the
contribution of changing obesity rates and changing population size to inequality change between 1976-80 and 1999-2002
NHANES, by age, sex, race* and education.

%Contribution to MLD %Contribution to BGV
Relative Inequality (MLD x 1000) change of changes in: Absolute Inequality (BGV x 100) change of changes in:
Obesity  Population Obesity Population
Subgroup 1978 2000 A78-00 %A Rates Change 1978 2000 A78-00 %A Rates Change
Age (18-24,25-44,45-64,65-74) 59.7 16.7 -43.0 -72.0 82.6 17.4 15.8 26.8 111 70.1 130.1 -30.1
Gender (Male, Female) 8.2 5.7 -25 -30.7 100.8 -0.8 2.8 10.0 7.2 253.6 100.0 0.0
Race (White, Non-white) 8.1 0.1 -8.0 -98.9 205.3 -105.3 3.4 0.2 -3.2 -953 161.7 -61.7
Race (White, Black, Other) 11.6 4.0 -7.6 -65.5 140.0 -40.0 5.1 7.7 26 506 30.1 69.9
Education (<12y,12y,>12y) 45.4 39 415 -914 110.6 -10.6 15.1 7.5 -7.6 -50.5 94.2 5.8
Age, Gender 67.5 217 -458 -67.8 84.4 15.6 19.4 35.7 16.2 83.6 117.6 -17.6
Age, Race 70.7 181 -52.6 -74.4 89.1 10.9 20.1 28.9 8.8 43.9 119.9 -19.9
Age, Education 101.6 20.0 -81.6 -80.3 83.7 16.3 26.8 34.2 74 276 216.3 -116.3
Gender, Race 17.3 8.7 -8.6 -49.7 283.7 -183.7 7.9 15.5 76 97.0 1.8 98.2
Gender, Education 56.5 96 -46.9 -83.0 102.7 -2.7 214 18.3 -3.1 -14.6 -8.0 108.0
Race, Education 51.3 3.7 -477 -929 119.3 -19.3 17.5 6.6 -109 -624 114.8 -14.8
Age, Gender, Race 80.6 26.1 -545 -67.6 100.0 0.0 25.8 43.4 17.7 68.6 73.6 26.4
Age, Gender, Education 122.6 28.0 -946 -77.2 82.6 17.4 33.9 47.2 13.3 39.1 180.8 -80.8
Age, Race, Education 112.7 235 -89.2 -79.1 81.3 18.7 30.5 41.0 105 343 240.0 -140.0
Gender, Race, Education 64.4 132 -51.2 -795 122.6 -22.6 25.0 24.2 -0.8 -3.2 4535 -353.5
Age, Gender, Race, Education 145.6 38.7 -106.8 -73.4 85.3 14.7 39.7 62.3 226 56.8 152.7 -52.7

*Due to small sample sizes, cross-classified analyses that include race are for whites/non-whites.



Table 4 and Table 5 present the counterfactual analyses for smoking and obesity,
respectively, for the most detailed social group cross-classification (age-gender-race-education
groups). Again, larger differences between the counterfactual change in inequality and the
observed change indicate more influential groups. For relative inequality change in smoking,
Table 4 shows that the largest effect on MLD change was the increase in smoking among white
females 65 and over with >12 years of education (counterfactual %AMLD=66.5 vs. 49.0
observed). This was an inequality-reducing effect because in 1965 this group had one of the
lowest rates of smoking (7.8%), so the fact that their smoking rate increased slightly (0.8%
annually) while the rest of the population declined (-1.7% annually) narrowed relative inequality.
Also influential, but inequality-promoting, were the faster-than-average smoking declines among
white males with 16 or more years of education. For example, had the declines in smoking
among the highest educated white males 65 and over been similar to the population average rate,
relative inequality would only have increased by 39.6% rather than 49%. The effects of
differential population growth tended to be smaller, but some specific changes were important.
In fact, the fifth and sixth most influential changes were faster-than-average population growth
among white women 25-44 and 45-64 with 13-15 years of education, which were inequality-
reducing because their rates of smoking were very near the average rate.

Table 5 presents the counterfactual results for changes in obesity inequality. Had the annual
growth rate of obesity among white females 18-24 years old with >12 years of education been
3.7% (the total population rate) rather than 10.5% (their actual growth rate), the change in MLD
would have been -58.0% instead of the observed -73.4% and the BGV would have increased by
80.7% instead of 56.8%. This pattern was similar for white women 25-44 with >12 years of

education. Thus, the decline in relative inequality would have been smaller and the increase in
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absolute inequality would have been greater were it not for disproportionate obesity growth
among young, relatively well-educated white women. This is due to the fact that in 1978 these
two groups had obesity rates at the extreme low end of the distribution (1.5% and 6.2%,
respectively). By way of contrast, white males 65-74 years old with 12 years of education also
experienced disproportionately rapid annual growth in obesity (6.2% annually), but because in
1978 their obesity prevalence was 9.8%, near the popluation average of 13.2%, this rapid growth
had little effect on the change in either relative inequality (-73.4 counterfactual vs. -73.4
observed) or absolute inequality (56.4 counterfactual vs. 56.8 observed). For the change in
absolute inequality, non-white females 25-64 with <12 years of education were most influential.
Had the rate of obesity growth among 25-44 and 45-64 year-old non-white females with <12
years of education (1.4% and 0.7%, respectively) been equal to the population rate (3.7%),
absolute inequality would have increased by 104.1% and 172.9%, instead of the observed
increase of 56.8%. Obesity changes among the least educated black women thus kept absolute
inequality from increasing more than it actually did. Changes in population distribution from
1978 to 2000 were less important to inequality change, but in general relative inequality would
have decreased more (and absolute inequality increased more) if not for population declines

among young whites and increases among middle-aged well-educated whites.
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Table 3. Subgroup-specific effects of rate change and population change on the percent change in
relative (MLD) and absolute (BGV) between-group inequality in smoking and obesity for age, sex, race
and education groups.

Effect of Rate Changes Effect of Population Changes
%Growth %Growth
Rate %AMLD  %ABGV Rate %AMLD  %ABGV

Current Smoking, 1965-2003
Age 18-24 -1.3 10.4 -72.7 1.2 16.8 -69.3
25-44 -1.8 235 -66.6 1.6 18.3 -69.1
45-64 -1.7 18.1 -69.1 1.6 17.7 -69.2
65+ -1.8 14.7 -69.7 2.0 6.2 -71.8
Observed change -1.7 18.1 -69.1 1.6 18.1 -69.1
Gender Male -2.0 -45.3 -83.7 1.7 -73.4 -92.8
Female -1.4 -39.8 -85.4 1.6 -73.4 -92.8
Observed change -1.7 -73.4 -92.8 1.6 -73.4 -92.8
Race White -1.7 172.8 -35.8 14 307.7 -0.7
Non-white -2.2 -30.4 -80.6 3.1 179.6 -31.6
Observed change -1.7 3311 4.9 1.6 3311 4.9
Education <12 years -1.0 2267.5 371.9 0.3 2293.7 408.6
12 years -1.3 2065.9 306.6 0.1 2157.6 3925
13-15 years -1.7 2459.4 432.3 4.9 3137.6 573.5
16+ years -3.2 363.2 47.7 3.7 1433.9 2471
Observed change -1.7 2467.0 434.5 1.6 2467.0 4345

Obesity, 1978-2000

Age 18-24 5.4 -35.0 204.6 -0.3 -67.6 91.0
25-44 35 -73.7 59.1 1.5 -71.4 73.5
45-64 3.2 -60.2 169.8 1.7 -71.8 70.1
65-74 3.3 -69.3 92.8 1.0 -72.0 70.1
Observed change 3.7 -72.0 70.1 1.2 -72.0 70.1
Gender Male 3.8 -11.4 340.5 1.3 -30.8 253.6
Female 3.6 -20.3 313.3 1.1 -30.8 253.6
Observed change 3.7 -30.7 253.6 1.2 -30.7 253.6
Race White 3.9 -92.7 -70.5 0.2 -99.0 -95.7
Non-white 24 38.3 669.3 5.1 -99.3 -97.1
Observed change 3.7 -98.9 -95.3 1.2 -98.9 -95.3
White 3.9 -61.2 67.1 0.2 -70.5 28.8
Black 2.8 -2.0 408.5 1.6 -67.0 43.3
Other 4.2 -38.0 142.3 10.5 -71.5 31.9
Observed change 3.7 -65.5 50.6 1.2 -65.5 50.6
Education <12 years 2.6 -74.3 713 -0.4 -94.4 -69.3
12 years 3.8 -95.7 -77.1 -0.0 -94.3 -69.0
>12 years 53 -30.4 169.4 3.0 -94.5 -69.7

Observed change 3.7 -94.3 -69.2 1.2 -94.3 -69.2




Table 4. Subgroup-specific effects of differential growth in smoking rates and population change on the

percent change in relative (MLD) and absolute (BGV) inequality between age-gender-race-education
groups, NHIS 1965-2003.

Smoking Effect

Population Effect

%Growth %Growth

Age Gender Race Education Rate %AMLD  %ABGV Rate  %AMLD %ABGV
25-44y Male  White <12y -1.3 46.3 -52.5 14 50.9 -48.4
12y -1.2 43.1 -54.3 -0.1 52.8 -45.6

13-15y -1.7 50.2 -49.7 4.2 53.5 -47.7

16+y -3.1 43.6 -51.5 25 50.8 -48.4

Non-white <12y -2.1 50.7 -49.4 -0.1 50.3 -48.0

12y 2.1 51.2 -49.1 1.9 50.5 -48.7

13-15y -2.8 51.9 -48.8 7.7 52.1 -48.2

16+y -3.7 49.7 -49.7 6.9 50.8 -48.7

Female White <12y -0.9 48.3 -50.7 11 50.1 -48.7
12y -0.4 41.7 -54.6 -1.3 51.1 -45.2

13-15y -1.2 48.7 -50.4 4.8 55.4 -46.9

16+y -3.2 40.9 -52.1 4.1 49.6 -48.6

Non-white <12y -1.7 50.4 -49.6 0.8 50.2 -48.6

12y -1.8 50.5 -49.6 0.8 49.8 -48.9

13-15y -2.7 50.2 -49.7 7.5 52.2 -48.2

16+y -4.9 44.0 -50.9 7.3 46.5 -48.8

45-64y Male  White <12y -1.1 47.8 -51.2 -1.3 51.2 -47.0
12y -1.4 48.0 -50.9 0.2 48.2 -49.1

13-15y -1.9 50.7 -49.5 5.1 54.9 -47.0

16+y -3.0 43.8 -51.4 4.0 50.6 -48.4

Non-white <12y -1.1 49.8 -50.0 -0.2 50.7 -48.1

12y -1.0 49.3 -50.3 3.3 50.3 -48.8

13-15y -2.4 50.8 -49.4 8.1 51.3 -48.4

16+y -4.2 49.0 -49.9 8.8 49.9 -48.6

Female White <12y 0.1 50.6 -49.8 -1.2 46.8 -49.6
12y -1.0 50.2 -49.7 0.1 44.7 -50.5

13-15y -1.6 50.6 -49.5 5.3 56.2 -46.6

16+y -3.1 42.6 -51.4 4.3 48.6 -48.9

Non-white <12y -0.2 51.2 -49.4 0.1 49.7 -48.9

12y -0.9 50.8 -49.5 3.1 51.0 -48.5

13-15y -0.8 50.8 -49.5 9.1 51.5 -48.4

16+y -2.3 50.0 -49.7 7.4 50.0 -48.6

65+y Male  White <12y -2.4 48.9 -49.9 -0.7 50.9 -48.7
12y -2.7 47.1 -50.3 24 50.1 -48.7

13-15y -3.0 47.4 -50.2 6.2 49.0 -48.8

16+y -4.6 39.6 -51.1 4.9 43.2 -49.6

Non-white <12y -1.8 50.4 -49.6 1.7 50.5 -48.7

12y -2.8 50.4 -49.6 4.2 50.5 -48.6

13-15y -1.3 50.6 -49.6 9.1 50.5 -48.6

16+y -3.2 49.9 -49.6 8.8 49.7 -48.6

Female White <12y 0.8 66.5 477 -0.1 51.6 -48.6
12y -1.2 55.4 -48.9 24 48.7 -48.9

13-15y -1.3 52.7 -49.3 5.7 46.9 -49.2

16+y -1.7 50.6 -49.6 4.0 48.0 -49.0

Non-white <12y 0.7 54.6 -49.1 24 50.3 -48.6

12y -0.6 51.3 -49.5 3.9 50.1 -48.7

13-15y 1.0 52.2 -49.4 8.5 50.1 -48.7

16+y -1.6 50.5 -49.6 6.0 49.9 -48.7

Observed change -1.7 49.0 -48.6 1.6 49.0 -48.6
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Table 5. Subgroup specific effects of differential growth in obesity rates and population change on
relative (MLD) and absolute (BGV) inequality between age-gender-race-education groups, NHANES |
(1976-80) to NHANES 1999-2002.

Obesity Effect Population Effect
%Growth %Growth
Age Gender Race Education  Rate %AMLD  %ABGV Rate %AMLD  %ABGV
18-24y Male White <12y 6.9 -71.6 63.3 -1.4 -73.5 56.0
12y 24 -74.6 52.8 -2.2 -71.2 64.5
>12y 5.9 -70.2 67.4 -1.7 -72.9 58.6
Non-white <12y 0.9 -75.9 48.6 6.0 -75.2 50.9
12y 6.5 -714 62.2 4.3 -73.6 55.8
>12y 4.7 -73.0 58.5 3.7 -73.4 57.0
Female White <12y 1.8 -73.8 54.8 -1.0 -73.3 57.4
12y 6.5 -71.8 63.4 -2.7 -73.8 54.6
>12y 10.5 -58.0 80.7 -1.9 -71.3 64.5
Non-white <12y 3.9 -73.4 56.8 4.4 -73.3 57.5
12y 3.6 -73.4 56.8 15 -73.4 56.9
>12y 5.2 -712.7 60.2 4.2 -73.3 57.4
25-44y Male White <12y 0.2 -75.1 49.6 -1.5 -72.3 61.2
12y 3.4 -73.4 56.6 0.3 -73.6 55.4
>12y 5.3 -66.9 85.1 14 -73.3 57.2
Non-white <12y 1.9 -712.7 62.5 6.5 -73.0 59.4
12y 2.7 -73.0 59.7 4.5 -73.2 58.0
>12y 5.3 -70.3 67.9 6.0 -73.8 55.1
Female White <12y 2.8 -72.7 63.3 -3.4 -73.5 56.9
12y 3.1 -73.5 56.4 -2.1 -74.3 51.7
>12y 5.9 -64.8 93.0 2.6 -72.9 59.5
Non-white <12y 14 -69.1 104.1 4.7 -73.3 57.1
12y 1.7 -71.1 80.4 3.2 -73.3 57.2
>12y 3.2 -72.8 62.2 6.9 -73.1 58.1
45-64y Male White <12y 5.4 -74.4 48.2 4.1 -72.3 68.7
12y 3.2 -72.8 61.3 -0.1 -73.6 56.0
>12y 3.8 -73.4 56.8 4.1 -72.4 63.0
Non-white <12y 0.9 -73.6 56.8 3.1 -73.5 56.6
12y 0.4 -71.4 78.7 6.3 -73.3 57.6
>12y 6.8 -71.0 66.4 8.4 -73.1 58.8
Female White <12y 34 -72.8 63.0 -3.8 -71.1 81.4
12y 4.5 -74.4 48.3 -1.3 -73.2 59.8
>12y 34 -73.1 59.2 5.5 -72.1 64.1
Non-white <12y 0.7 -64.9 172.9 4.2 -73.5 55.3
12y 3.2 -73.0 61.1 4.9 -73.6 54.3
>12y 3.6 -73.3 57.8 10.2 -73.7 53.8
65-74y Male White <12y 3.8 -73.4 56.6 -3.2 -73.7 55.4
12y 6.2 -73.4 56.4 1.7 -73.4 56.8
>12y 3.8 -73.4 56.9 4.7 -73.1 58.4
Non-white <12y 3.7 -73.4 56.8 1.6 -73.4 56.9
12y 0.0 -73.6 56.2 6.8 -73.5 56.5
>12y 2.8 -73.4 56.7 9.2 -73.4 56.9
Female White <12y 3.2 -73.0 60.5 -3.4 -73.1 60.1
12y 4.5 -74.1 50.9 1.6 -73.4 56.4
>12y 3.4 -73.3 57.3 34 -73.2 57.9
Non-white <12y 0.6 -70.6 95.0 24 -73.4 56.6
12y 5.0 -73.5 55.4 6.1 -73.5 56.0
>12y 4.4 -73.5 56.3 10.0 -73.4 56.6

Observed change 3.7 -73.4 56.8 1.2 -73.4 56.8



Discussion

This analysis has shown that the social patterning of smoking and obesity has changed
considerably over the past 40 years with respect to age, gender, race, and education, but the
pattern of change over time differs for the two outcomes. In 1965 smoking was primarily
stratified by age and gender, but as smoking rates halved over the next 40 years, gender
differences declined sharply (as males quit smoking), age differences declined (as all adults quit)
then rose again (as rates among the young increased and the population aged), and both relative
and absolute inequality between educational groups increased dramatically (as rates fell very
rapidly among the better educated). In contrast, obesity rates in the early 1960s were primarily
patterned by age and education, and remained so until the late 1970s, after which the rapid rise in
obesity in all social groups led to declining relative inequalities, particularly for education.
However, the rise in obesity among all social groups actually increased age, gender, and racial
inequalities when measured on the absolute scale.

In terms of comparing the level of inequality across social group categories, inequality
between race groups tended to be rather small relative to inequality by age, gender, and
education—especially for smoking. However, this analysis was limited to the use of only black
and white race categories due to small sample sizes in early surveys and inconsistent race/ethnic
categories across surveys. More recent surveys allow for comparing the results to inequality
measured across expanded race-ethnic groups. By way of example, for current smoking using
the 2003 NHIS, the use of four groups (Non-Hispanic White, Non-Hispanic Black, Non-
Hispanic Other, Hispanic) yields an MLD of 6.8 and a BGV of 5.5 (compared to 0.1 and 0.1 for
only black/white); separating out Asian and Hispanic subgroups for a total of 14 race-ethnic

groups yields respective values of 16.2 and 11.0. These values are still far smaller than the
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observed 2003 MLD and BGV of 61.6 and 38.3 for only four education groups, and the use of 12
education groups generates values of 74.8 and 55.0. There is thus clearly more educational than
racial inequality in smoking, and this does not appear to be an artifact of the crude categorization
of race used in this analysis. Thus more can potentially be learned about social inequality in
smoking from understanding educational rather than race/ethnic differences. Or in other words,
race/ethnic differences are not as important a form of social stratification for smoking as are
educational differences. For obesity, using five race-ethnic groups in the 1999-2002 HANES
generates an MLD of 8.4 and a BGV of 12.6, compared with 3.1 and 6.5 for two groups. So
even using expanded race-ethnic categories in 2000 there was more relative inequality in obesity
between blacks and whites in 1980 than there is today across five race-ethnic groups, but the
decline in relative inequality in obesity may be overestimated and the increase in absolute
inequality underestimated in this analysis. On the whole, while the crude categorization of race
as black/white certainly underestimates the amount of inequality, using expanded race-ethnic
categories would not appear to alter the basic findings of this analysis.

Over the entire time span studied here the better educated generally smoked less and were
less obese, but the magnitude of this health advantage changed over time, increasing for smoking
and decreasing for obesity. What explains the different patterns of inequality change for
smoking and obesity? The observed changes are difficult to reconcile with the notion that there
is a necessary or fundamental relationship between socioeconomic position and health, which
argues that more advantaged social groups invariably use their material, social, and intellectual
resources to maximize their health advantage.®* If it is the resources of the better educated that
allowed them to be more successful at quitting or not initiating smoking, the same set of

resources would also appear, over time, to have put them increasingly at risk for obesity. This is
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not to suggest that material and social resources are unimportant determinants of health-
damaging or health-enhancing exposures; they clearly matter, especially for health behaviors.*’
But perhaps a better explanation for the observed changes is that the extent to which differences
in socioeconomic resources are expressed as behavioral or health differences depends upon the
extent to which they are linked to the factors that lead one to smoke or become obese. The
relationship between socioeconomic resources and health is historically contingent and one that
may not invariably reproduce a pattern of better health among the more advantaged and worse
health among the disadvantaged. Framing the issue of health inequality change in this fashion
emphasizes the importance of understanding both the distribution of resources and the
mechanisms that link social position to health, rather than putting the mechanisms in the
background.

More rapid declines in smoking among the better educated have been documented in
previous U.S. studies,®*® and have been observed across a number of different countries.***° The
contribution of this analysis is the finding that changes in the population distribution (e.g.,
secular improvements in educational attainment) made a nontrivial contribution to inequality
change from 1965-2003. Changes in age distribution accounted for roughly 75% of the increase
in smoking inequality among age groups, and the upward shift of the distribution of education
accounted for 16% of the increase in both relative and absolute educational inequality. This
suggests that evaluating inequality change by looking only at changes in smoking prevalence
would lead one to underestimate the magnitude of inequality change in smoking. Moreover, the
two most influential changes on educational inequality in smoking were the rapid decline in
smoking and the substantial population growth among those with 16 or more years of education.

Rather than mitigating the population health effects of differential declines in smoking by
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shifting more individuals into lower risk education groups, it appears that one consequence of
rising education, from the perspective of inequality, has been to further concentrate smoking
among the more disadvantaged. From the perspective of overall health, however, this may still
be viewed as beneficial as more individuals are now in lower-risk groups. These two differing
perspectives reveal that there may be important trade-offs between improving average health and
reducing health inequality.**

However, the question of why declines in smoking have been so much more rapid among
higher educated groups is worth exploring further. Knowledge about the risks of smoking was
likely higher among the more educated during the 1950s and 1960s, but by the early 1980s fully

1,2 so the differential declines since then are

90% of the US population thought smoking harmfu
not likely attributable to differences in risk knowledge (nor are the time lags in smoking between
men and women).*® In addition, there do not appear to be differences among socioeconomic
groups in the desire to quit smoking,**** but important differences in the completion and
maintenance of cessation.*® This may point to differences across socioeconomic groups in social
norms, occupational environments, and the social symbolism of smoking behavior.*® This is
reflected in the enormous heterogeneity in smoking across U.S. occupations, ranging from
around 5% for physicians and clergy to nearly 60% for roofers, drywall installers, and
bartenders.*” Some of this diversity is the result of education, but the social norms and
residential and occupational environments surrounding smoking are likely to play an important
role as well. Changes in the social gradient in smoking may thus be more related to the timing
and diffusion of smoking behavior across the population than to differences in education, per se.

Pampel, for example, showed that relative educational gradients in smoking across European

countries were larger among countries in which the smoking epidemic had diffused through the
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population earlier.*® A similar pattern has also been observed across birth cohorts in the United
States.”® Understanding the diverse processes that serve to concentrate smoking among the least
advantaged over time is worth additional exploration.

For obesity, the influence of population change on inequality was much smaller than for
smoking, which is likely to be a function both of the shorter period of analysis and the fact that
changes in obesity rates have been so dramatic for all social groups. What might account for the
more rapid increases among the higher educated? It would not appear to be an artifact of the
data used here. Another study using NHANES data also showed declines in educational
inequality in obesity,” and the analysis of state trends in Chapter 3 showed the same pattern.
Nor would it appear an artifact of using limited education categories. Using expanded education
categories for NHANES Il and NHANES 111 showed that annual growth rates in obesity from
1978 to 1991 were 2.6%, 4.4%, 6.1%, and 5.5% among those with <12, 12, 13-15, and 16 or
more years of education, respectively (data not shown). One might also argue that rates
increased faster among the better educated because rates were already very high among the lower
educated and could not reasonably increase to the same extent. But this pattern was most
pronounced among the young, where overall obesity rates are lower, and declining
socioeconomic inequalities (with variations by age and gender) have also been observed in a
number of countries with obesity rates far lower than the U.S., such as Spain,** Switzerland,>
Sweden,> Canada,” and the Netherlands.™

Importantly, more rapid obesity growth among the better educated occurred despite their
advantages in reported dietary quality> and leisure-time physical activity,>” both of which have
improved since the 1960s and are not likely to explain the rise in obesity, which is primarily due

to increased caloric intake. Cutler et al. found that the bulk of added calories in the U.S. diet
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since 1978 have come from consuming more meals rather than increased intake per meal,
primarily in the form of increased snacking,*® which is consistent with the increase in the
proportion of energy in the U.S. diet derived from carbohydrates.> There is some evidence that
frequency of snacking is actually higher among the better educated®®®® and their children.®*
There have also been secular increases in the consumption of commerically-prepared food and
the per-capita number of restaurants, and higher status individuals are more likely to consume
meals away from home.®? Ironically, it also seems plausible that perhaps some of the
disproportionate growth rate in obesity among the better educated since 1978 may be an
unintended consequence of more effective smoking cessation among this group during the late
1960s and 1970s.%® Flegal et al.®® found that over 10 years smoking cessation explained 20-25%
of the increase in overweight among U.S. men and women, and the rise in cigarette prices has
been associated with increased obesity.** While the weight gain that tends to follow smoking
cessation does not account for a substantial portion of the population-wide increase in obesity, it
may nevertheless contribute to education differences in the rate of obesity growth.

A number of authors have suggested an important role for changes in technology as a major
contributor to changes in obesity, both in terms of long-term shifts toward more sedentary

occupations®>*®®

and, more recently, of declining food prices, rising food supply, and declines in
the time cost of food preparation®®®’ If changes in technology are driving the rise in obesity, it is
not clear that they would necessarily favor more advantaged social groups. Innovative
technology is often adopted first by higher status groups,® and the combination of shifts toward
more sedentary occupations and increased labor force participation of women may increase the

demand for time- and labor-saving food preparation technology among the better educated. In

fact, the more rapid growth in obesity among the better educated could be seen as supportive of
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the idea that changes in technology are an important cause of the U.S. rise in obesity, as they
were likely to have the most to gain from technological innovation. Understanding the reasons
for faster obesity growth among the better-educated (particularly for younger white women) is
certainly of interest, especially given the dominant focus on obesity among lower socioeconomic
groups. However, whatever explains this differential growth may be of little value in helping to
understand the rapid rise in obesity in the U.S. population. The fact that obesity has increased so
precipitously among virtually all age, gender, race, and education groups indicates that looking at
social group differences may not reveal the common factors underlying weight change in the
population.

While the primary aim of this analysis was to understand secular changes in social
inequalities in smoking and obesity, a secondary aim was to evaluate alternative methods for
measuring health inequalities that may be useful for monitoring trends and generating hypotheses
about the causes of health inequalities. As was pointed out in the methods section, health
inequality may change because of changes in health and changes in population. This analysis
found that, depending on the outcome and the social group category, population changes had a
measurable effect on health inequality change. This methodology could thus be applied using
other health outcomes or other social group categories that are likely to change over time such as
occupation, marital status, or geography. For example, using similar methods Goesling and
Firebaugh® found that between-country inequality in life expectancy increased from 1990 to
2000, and found that changes in life expectancy (primarily declines in Sub-Saharan Africa and
increases in South Asia) accounted for 75% of the rise in inequality, but changes in population
distribution (primarily rapid growth in Sub-Saharan Africa) accounted for 25%. This method of

accounting for changes in health inequality may be useful because it can both quantify the
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relative contribution of health versus population shifts to inequality change, and can identify the

social groups most influential to inequality change.
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