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To lower the prevalence of hypertension and racial disparities in hypertension, public health agencies have at-

tempted to reduce modifiable risk factors for high blood pressure, such as excess sodium intake or high body mass

index. In the present study, we used decomposition methods to identify how population-level reductions in key risk

factors for hypertension could reshape entire population distributions of blood pressure and associated disparities

among racial/ethnic groups. We compared blood pressure distributions among non-Hispanic white, non-Hispanic

black, and Mexican-American persons using data from the US National Health and Nutrition Examination Survey

(2003–2010). When using standard adjusted logistic regression analysis, we found that differences in body mass

index were the only significant explanatory correlate to racial disparities in blood pressure. By contrast, our decom-

position approach provided more nuanced revelations; we found that disparities in hypertension related to tobacco

use might be masked by differences in body mass index that significantly increase the disparities between black

andwhite participants. Analysis of disparities betweenwhite andMexican-American participants also reveal hidden

relationships between tobacco use, body mass index, and blood pressure. Decomposition offers an approach to

understand howmodifying risk factors might alter population-level health disparities in overall outcome distributions

that can be obscured by standard regression analyses.

health disparities; hypertension; population studies; statistical methods

Abbreviations: BMI, body mass index; NHANES, National Health and Nutrition Examination Survey.

Editor’s note: An invited commentary on this article
appears on page 354, and the authors’ response appears
on page 358.

High blood pressure remains the second leading prevent-
able risk factor for death in the United States, behind tobacco
smoking (1). Hypertension (a systolic blood pressure of at
least 140 mm Hg or a diastolic blood pressure of at least 90
mm Hg (2)) is highest among black adults and lowest among
Mexican-American adults and some other Latino groups (3, 4).

Emerging literature suggests that the full blood pressure
distribution carries important health implications. The re-
lationship between blood pressure and mortality appears
J-shaped, with some increased mortality risk at low blood
pressures and greater mortality risk beginning at “normal”

values and rising incrementally with increased blood pressure
(5, 6). Atherosclerotic risk also appears to increasewith incre-
mental increases in systolic and diastolic blood pressure start-
ing with pressures in the normal range (7). Collectively, these
findings indicate that disparities in high blood pressure
should be analyzed not only as disparities in hypertension
prevalence, but also as disparities across the entire distribu-
tion of systolic and diastolic blood pressures.

Although the theoretical importance of a distributional
perspective has long between established in epidemiology,
a critical gap in the field has been finding methodological
approaches to empirically engage with the distributional per-
spective. The Kolmogorov-Smirnov test statistic tests whether
overall differences between 2 distributions can be considered
significant, but it cannot identify the degree to which a given
risk factor might explain these differences (8). Quantile
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regression provides estimates of how risk factors may alter an
outcome within each quantile of the population distribution of
a disease risk factor, but it requires parametric assumptions that
are difficult to uphold for many empirical distributions (9). The
extant literature also reveals that key hypertension risk factors
may not explain blood pressure disparities in a linear way
across blood pressure distributions; there are complex relations
between factors such as body mass index (BMI) (3), tobacco
smoking (10, 11), alcohol consumption (11–13), sodium in-
take (14, 15), and ultimate hypertension risk.
Here, we introduce a nonparametric decomposition tech-

nique derived from the field of econometrics (16) that identi-
fies how changes in modifiable risk factors for the outcome
variable could reduce disparities at different points along the
distribution of an outcome variable. We can thus ask: How
much do modifiable risk factors such as BMI, smoking, alco-
hol consumption, and sodium intake account for disparities at
each point in the blood pressure distribution? If we were to
eliminate racial differences in observable modifiable risk fac-
tors, how much would we expect racial disparities in blood

pressure to be mitigated at each point in the blood pressure dis-
tribution? To demonstrate the method, we focused on racial
disparities in blood pressure in the US National Health and
Nutrition Examination Survey (NHANES) (17) and compare
the insights from this approach to the insights gleaned from a
traditional “cutpoint” analysis of hypertension.

METHODS

Data sources

NHANES was chosen for our analysis because it is the
basis for US government estimates of hypertension dispari-
ties among racial/ethnic groups (4). NHANES data from
2003 through 2010 were chosen for the analysis because hy-
pertension disparities remained stable between racial/ethnic
groups over these years (4) and because survey questions
about risk factors for high blood pressure were consistently
asked among these survey waves. We chose the following
common risk factors for high blood pressure to analyze:

0.00

0.01

0.02

0.03

D
en

si
ty

50 100 150 200 250

Mean Systolic Blood Pressure, mm Hg

0.00

0.01

0.02

0.03
D

en
si

ty

50 100 150 200 250 300

Mean Systolic Blood Pressure, mm Hg

0.00

0.01

0.02

0.03

D
en

si
ty

20 40 60 80 100 120

Mean Diastolic Blood Pressure, mm Hg

0.00

0.01

0.02

0.03

D
en

si
ty

0 50 100 150

Mean Diastolic Blood Pressure, mm Hg

A) B)

C) D)

White
Black
Mexican-American

White
Black
Mexican-American

White
Black
Mexican-American

White
Black
Mexican-American

Figure 1. Age-adjusted distributions of blood pressure in the US National Health and Nutrition Examination Survey, 2003–2010 (17). A) Systolic
blood pressure among men; B) systolic blood pressure among women; C) diastolic blood pressure among men; and D) diastolic blood pressure
among women. Densities reveal the probability of each blood pressure at each level of mm Hg, using an Epanechnikov kernel smoothing function
applied to 50 evaluation points across the range of observed blood pressures.
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tobacco smoking (whether the participant smoked at least 100
cigarettes in their lifetime), alcohol consumption (average
number of alcohol drinks per day over the last 12 months), so-
dium intake (in mg/person/day from 24-hour dietary recalls
(18, 19)), and BMI (weight in kilograms divided by height
in meters squared) determined from height and weight mea-
surements during the survey. We related these to the mean
of 3 recorded systolic and diastolic blood pressures. Frequen-
cies and distributions of each high blood pressure risk factor by
racial/ethnic group and sex are listed inWeb Table 1 (available
at http://aje.oxfordjournals.org/). Because more than 97% of
subjects had complete data, no imputation was performed
for missing values. Data from 25,510 US-born nonpregnant
adults were used for the analysis.

Statistical analysis

The derivation of the method is provided in the Web Ap-
pendix, along with statistical code to replicate the analysis.
Here, we describe the intuition behind the method. The de-
composition approach accomplished the 2 primary objectives
of our analysis: to quantify the difference in the blood pres-
sure distributions among racial/ethnic groups and to deter-
mine the extent to which modifiable risk factors account for
differences at each point along the blood pressure distribu-
tion. We compared black and Mexican-American partici-
pants with the reference group of white participants, both
to contrast our results with national disparity statistics that
use white persons as a reference group (20–22) and to test
our hypothesis that white participants are actually not always
the most “advantaged” in terms of risk factor levels at all
parts of the distribution of blood pressure.

First, we constructed age-adjusted, sex-specific estimates
of blood pressure distributions among each racial/ethnic
group (Figure 1) (23). Next, we measured and plotted the dif-
ference in blood pressure along each point of the distribution.
To assess the contribution of each risk factor independently
and of the risk factors jointly, we constructed counterfactual
distributions that reflect how one group’s distribution of
blood pressure would be expected to change if its risk factor
profile looked more like that of a comparator group (e.g., how
much the distribution of systolic blood pressure among black
participants would be expected to shift if that had the same
risk factor profiles as white participants). These counterfac-
tual distributions were defined by first writing the marginal
distribution of blood pressure as the joint distribution of
blood pressure integrated over risk factors for each group.
Then, applying the law of iterated expectations (24), we
expressed the group-wise marginal distribution of blood pres-
sure as the product of the conditional blood pressure density
and conditional risk factor densities. This allowed us to con-
sider a number of counterfactual situations such as the blood
pressure outcome for black participants if they had the risk
factor profiles of white participants (Figure 2).

The reweighting procedure (Web Table 2) allows us to de-
compose the difference in blood pressure between groups
into the sum of 2 components. The first, the explained com-
ponent, is the portion of between-race differences in blood
pressure due to differences in risk factors for high blood
pressure. The second, the unexplained or residual compo-

nent, captures the distributional disparities that are not ex-
plainable through differences in the observed risk factor
characteristics—that is, the distributional differences that do
not change when reweighting the distribution of one group to
match the risk factors of the other group (Figure 3).

Sensitivity analyses

The decomposition method was applied to systolic blood
pressure and then reapplied to diastolic blood pressure distri-
butions as a robustness check. Comparisons were made
between the decomposition results and standard logistic re-
gressions of the attributes against prevalence rates of prehy-
pertension (systolic blood pressure of 120–139 mm Hg or
diastolic blood pressure of 80–89 mm Hg), stage 1 hyperten-
sion (systolic blood pressure of 140–159 mm Hg or diastolic
blood pressure of 90–99 mm Hg), stage 2 hypertension (sys-
tolic blood pressure ≥160 mm Hg or diastolic blood pressure
≥100 mm Hg), and overall hypertension (either stage 1 or
2). Age-adjusted values using the direct method for age-
standardization were applied to all analyses; survey sample
weights were also applied to correct for nonresponse and dif-
ferential sampling among groups (23, 25). Subgroup analyses
were performed by repeating the decompositions on only
those individuals not currently taking antihypertensive medi-
cations (n = 18,757) to filter out potential consequences of dif-
ferential health care access and quality. A further sensitivity
analysis was performed by replacing BMI with waist circum-
ference (in centimeters, measured during the NHANES med-
ical examination) and then including both BMI and waist
circumference separately in the decompositions to identify
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Figure 2. Counterfactual analysis of age-adjusted distributions of
blood pressure in the US National Health and Nutrition Examination
Survey, 2003–2010 (17). Counterfactual analysis involves comparing
the density of systolic blood pressure for black participants (solid line)
with the counterfactual case in which the systolic blood pressure dis-
tribution in black participants is reweighted to reflect what it would ap-
pear if they had the same body mass index distribution as did white
participants (dotted-dashed line). The y-axis refers to the probability
density at each point along the distribution. As shown, the blood pres-
sure distribution is shifted slightly to the left (lower systolic blood pres-
sures) if the distribution in black participants is reweighted to reflect the
body mass index distribution of white participants with all else being
held equal.
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potential variations in associations of body composition cap-
tured by a metric of central adiposity rather than body mass.
All analyses were conducted using Stata, version MP-12.1
(StataCorp LP, College Station, Texas).

RESULTS

Observed disparities

A standard cutpoint analysis revealed that black men had
a significantly higher prevalence of hypertension than did
either white or Mexican-American men, with Mexican-
American men having significantly lower rates of hyperten-
sion than all other men (P < 0.05; Table 1). Among women,
black women had a significantly higher prevalence of

hypertension than did either white or Mexican-American
women, but the latter 2 groups did not significantly differ
at the level of P < 0.05. In this cutpoint analysis of hyperten-
sion disparities, disparities between black and white partici-
pants were essentially equal at stages 1 and 2 of hypertension
(≈6% difference among men and ≈12% among women in
the proportion of black vs. white participants with stage
1 or stage 2 hypertension). As also shown in Table 1, dispar-
ities betweenMexican-American and white participants were
greatest for prehypertension (≈13% difference in prevalence
between Mexican-American and white men and ≈9% be-
tween Mexican-American and white women) but lower for
both stages of hypertension (≈1% for men and women).
By examining the overall distributions of blood pressure

among groups (Figure 1), it was possible to observe a more
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Figure 3. Decomposition of blood pressure in the US National Health and Nutrition Examination Survey, 2003–2010 (17). The analysis identifies
how much disparity would remain between blood pressure distributions of whites and blacks after the black systolic blood pressure distribution is
reweighted to reflect thewhite distribution of eachmodifiable risk factor. A) First, we plotted the systolic blood pressure distribution in white participants
minus the distribution in black participants. The net difference in distributions is positive at lower values of systolic blood pressure because therewere
more white participants than black participants with lower blood pressure; conversely, the net difference in distributions is negative at higher values of
systolic blood pressure because there are fewer white participants than there were black participants with high blood pressure. B) Next, we plotted
what the difference in distributions would be after the distribution of systolic blood pressure in black participants was reweighted to reflect the distri-
bution of bodymass index amongwhite participants. As shown, after the bodymass index reweighting, the net differences would be slightly reduced,
but black participants would still have more prevalent high blood pressure than would white participants. C) Finally, we plotted the “residual” or un-
explained difference, which is the portion of the net disparity between the distributions that does not change despite reweighting the distribution in
black participants by all observed risk factors (in this case, a majority of the difference in distributions between white and black participants remains
unexplained by differences in body mass index). Gray vertical bars indicate 95% confidence intervals at each point along the distribution.
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complex picture of disparities than was possible through the
cutpoint analysis. As shown in Figure 1, the major disparities
among black and white men appeared at systolic blood pres-
sures below 110 mm Hg or above 130 mm Hg and diastolic
blood pressures above 70 mm Hg rather than at the extreme
right tail of the blood pressure distribution. A similar pattern
was observed among women (Figure 1). In the distribution

analysis, it was also clearer that Mexican-American partici-
pants did not always experience the lowest blood pressures de-
spite their overall lower prevalence rates of hypertension. As
shown in Figure 1, a portion ofMexican-American participants
had systolic pressures above 170 mm Hg, producing an ex-
tended right-tail in the distribution of systolic blood pressure
that was hidden in the cutpoint analysis. In other words, there

Table 1. Hypertension Disparities by Sex and Race/Ethnicity Among Nonpregnant US-Born Adults in the US National Health and Nutrition

Examination Survey, 2003–2010a

Sex and Race/
Ethnicity

No. of
Participants

Hypertension Category

Prehypertensionb Overall
Hypertensionc

Stage 1
Hypertension Onlyd

Stage 2
Hypertension Onlye

% 95% CI % 95% CI % 95% CI % 95% CI

Male 12,643

Non-Hispanic white 7,838 15.6 12.4, 18.8 27.7 26.1, 29.3 26.3 24.7, 27.9 18.6 17.3, 19.9

Non-Hispanic black 3,150 19.3 12.9, 25.6 35.7 32.8, 38.7 33.2 30.3, 36.0 24.9 22.1, 27.7

Mexican-American 1,655 8.0 0.9, 15.1 29.0 24.4, 33.7 27.3 22.7, 32.0 17.7 14.2, 21.2

Female 12,867

Non-Hispanic white 7,723 15.9 11.9, 19.9 24.6 23.2, 25.9 22.7 21.3, 24.0 18.8 17.5, 20.1

Non-Hispanic black 3,263 24.7 17.7, 31.6 36.8 34.4, 39.2 34.1 31.6, 36.6 30.3 27.9, 32.7

Mexican-American 1,881 6.9 1.8, 12.0 24.9 21.6, 28.3 22.6 19.1, 26.1 17.4 14.2, 20.6

Abbreviation: CI, confidence interval.
a Prevalence rates are age-standardized using the direct method and incorporate survey sample weights to generate nationally representative

results.
b Systolic blood pressure of 120–139 mm Hg or diastolic blood pressure of 80–89 mm Hg.
c Either stage 1 or 2 hypertension.
d Systolic blood pressure of 140–159 mm Hg or diastolic blood pressure of 90–99 mm Hg.
e Systolic blood pressure ≥160 mm Hg or diastolic blood pressure ≥100 mm Hg.

Table 2. Association Between Modifiable Risk Factors and Hypertension in the US National Health and Nutrition

Examination Survey, 2003–2010a

Risk Factor

Race/Ethnicity

Non-Hispanic White Non-Hispanic Black Mexican-American

aOR 95% CI aOR 95% CI aOR 95% CI

Tobacco smoking 1.0 0.8, 1.2 1.3 0.9, 2.0 1.2 0.7, 2.1

Alcohol, log drinks/day 1.1 0.9, 1.3 1.2 0.9, 1.6 1.3 0.8, 2.0

Sodium, log mg/person/day 1.0 0.7, 1.3 1.1 0.8, 1.4 1.7 0.9, 3.2

Body mass indexb 1.1 1.0, 1.1c 1.0 0.9, 1.1 1.2 1.1, 1.3d

Waist circumference, log cm 4.3 0.9, 18.6 8.8 0.9, 79.4 0.1 0.0, 3.0

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval.
a All logistic regressions were adjusted for age and sex. Hypertension is defined as systolic blood pressure of at

least 140 mm Hg or diastolic pressure of at least 90 mm Hg on average of 3 readings from the National Health and

Nutrition Examination Survey (2003–2010). Risk factors included tobacco smoking (dichotomous variable; whether

the participant smoked at least 100 cigarettes in their lifetime), alcohol consumption (continuous variable; average

number of alcohol drinks per day over the past 12 months), sodium intake (continuous variable in mg/person/day,

estimated as usual daily intake from two 24-hour dietary recalls), body mass index (continuous variable calculated

from medical examination), and waist circumference (continuous variable measured in cm during medical exami-

nation). Skewed variables were log-transformed as shown.
b Weight (kg)/height (m)2.
c P < 0.01.
d P < 0.001.
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is a high-risk subgroup population among Mexican-American
participants who are missed by conventional analyses.

Decomposition of risk factors on disparities between

black and white participants

We analyzed how the observed disparities relate to 4 com-
monly discussed modifiable risk factors: tobacco smoking,
alcohol drinking, sodium intake, and BMI. Analyzing the dif-
ferences in hypertension prevalence through a standard logistic
regression (Table 2) revealed that only 1 of the 4 modifiable
risk factors—BMI—was significantly related to the odds of
hypertension after adjustment for age and sex. These results
were consistent with the logistic regressions repeated for the
outcome of prehypertension, as well as for the outcomes of
stage 1 and stage 2 hypertension (Web Table 3).
Through the decomposition analysis, a much more nu-

anced and detailed picture emerged of how risk factors alter
overall disparities in systolic blood pressure distributions
among groups. As shown inWeb Figure 1A and 1B, the base-
line blood pressure disparity between black and what partic-
ipants was approximately 1–6 mm Hg higher among black
men and women than among white men and women after in-
clusion of sampleweights to estimate population-representative
distributions. In decompositions in which we isolated the role
of individual risk factors (Web Figure 1C and 1D), we ob-
served that tobacco smoking patterns actually shifted the
systolic blood pressure distribution for white participants up-
wards, narrowing the disparity between the 2 groups, partic-
ularly at high levels of systolic blood pressure (given the
higher rates of smoking among white participants; see Web
Table 1). This means that the disparity between white and
black participants masked the fact that white men and women
would be better off if lowering their tobacco smoking rates to
be closer to those of black men and women (Web Table 1 and
Web Figure 1C and 1D).
This fact was hidden by the larger association of other risk

factors in the opposite direction. As shown in Web Figure 1C,
sodium intake differences betweenwhite and blackmen pushed
black male systolic blood pressure up significantly relative
to the white male distribution at high levels of blood pressure
(P < 0.05). Although the average sodium intake among black
men is lower than the average among white men, the decompo-
sition result alerted us to the fact that the difference reverses at
very high levels of blood pressure; sodium intake becomes
higher among black men than white men at the high end of
the blood pressure distribution, worsening the disparity be-
tween black and white participants. Additionally, as shown in
Web Figure 1D, BMI differences between white and black
women are significant in increasing the disparity between them
(P < 0.05). The largest contribution of BMI, however, was at
lower levels of systolic blood pressure, where the systolic blood
pressure distribution for black women was increased by as
much as 2.5 mm Hg (95% confidence interval: 2.0, 3.0) be-
cause of the differences in BMI between black and white
women. The greatest association was near the 45th percentile
of the systolic blood pressure distribution (near 125 mm Hg).
Overall, although higher rates of tobacco smoking among

white participants leads to a relative increase in systolic blood
pressure, thereby narrowing the disparities between black and

white participants, the association is negated by differences
in sodium intakes and BMIs. Black-white disparities at prin-
cipally lower systolic blood pressure levels were explained by
BMI differences, and those at higher systolic blood pressure
levels were significantly but only partially explained by dif-
ferences in sodium intakes (P < 0.05).
At high levels of blood pressure around the 80th percentile

(near 150 mmHg), the association is such that being black and
having levels of risk factors similar to those seen in white par-
ticipants increases blood pressure—in other words, black par-
ticipants with this blood pressure level have generally better
risk factor characteristics than do their white counterparts,
but the risk factors that we studied could not explain the higher
blood pressure levels observed among black participants com-
pared with white participants. This suggests, as shown inWeb
Figure 1C and 1D, that there is something else contributing to
the black-white disparity—for example, differences inmedical
treatment or social conditions.

Decomposed impact of risk factors on disparities

between Mexican-American and white participants

The decomposition analysis of disparities between Mexican-
American and white participants similarly revealed a more
nuanced set of relations between risk factors and disparities
across the blood pressure distribution than did the standard
cutpoint analysis. As illustrated in Web Figure 2, systolic
blood pressure was approximately 1.7 mm Hg higher among
white men and women than among Mexican-American men
and women on average, but it was generally not statistical-
ly significant across the entire distribution at the level of
P < 0.05 (Web Figure 2A and 2B).
Yet, despite this nonsignificant difference, the decomposi-

tions (Web Figure 2C and 2D) revealed important findings
about how risk factor variations affect the gap between
groups. We observed that tobacco smoking is increasing the
gap systolic blood pressures between white and Mexican-
American men by elevating systolic blood pressures in men
(because tobacco smoking is higher among white men; see
Web Table 1). If whites were to adopt the lower tobacco
smoking rates seen inMexican-Americanmen (WebTable 1),
the systolic blood pressure gap would be narrowed mostly at
lower blood pressure ranges (<120 mm Hg). Conversely,
BMI differences were again more important at lower ends
of the systolic blood pressure distribution, where the inequal-
ity in BMI (which is higher in Mexican-American partici-
pants) inflated blood pressure levels in Mexican-American
participants as compared with those in white participants
among both men and women (Web Figure 2C and 2D).

Sensitivity analyses

Results from decomposition analysis of diastolic blood
pressure distributions paralleled those from systolic blood
pressure decomposition analysis (Web Figures 3 and 4). Re-
sults also remained consistent when repeating the decompo-
sitions on only those individuals who reported not currently
taking antihypertensive medications (Web Figures 5 and 6)
because there are similar distributional shapes for risk factors
among persons who are not currently taking antihypertensive
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medications and those who are. This result suggests that the
antihypertensive medications produce a shift in the distribu-
tions overall, but each risk factor would influence disparities
in the same direction regardless of medication use. Further-
more, our results also remained consistent with the primary
results when we replaced BMI with waist circumference
(Web Figures 7 and 8) or included both variables (Web Fig-
ures 9 and 10), except among men, in whom waist circumfer-
ence is lower among black men than white men. Hence, the
disparity between black and white men is actually reduced by
the differences in waist circumferences per the decomposition
(by increasing white men’s blood pressure).

DISCUSSION

A critical epidemiologic challenge in health disparities re-
search has been to find a strategy to compare entire distri-
butions of a disease or risk factor of interest, clarifying how
changes to differences in exposures or experiences of different
groups can manifest in differences in outcomes of interest. To
date, approaches that allow for comparisons across entire dis-
tributions have been limited by parametric assumptions that
rarely apply to actual observed distributions of data and that
limit the analysis of how risk factor changes may alter overall
distributions of risk (9). In the present study, we applied a strat-
egy of distributional decomposition (16) to analyze blood
pressure disparities and their determinants.

This approach offers both substantive and methodological
insights to the epidemiologic literature on high blood pres-
sure. Substantively, we found that although a standard cut-
point analysis using logistic regression would highlight
only BMI as a key risk factor to explain disparities in prehy-
pertension and various stages of hypertension, our decompo-
sition approach provided several further insights, such as that
differences in tobacco smoking that were influential in wors-
ening systolic blood pressures in white participants compared
with black participants were hidden in the standard cutpoint
analysis and that white-black disparities were being narrowed
at high blood pressure levels (but not in a healthy manner) by
high rates of tobacco smoking among white participants. This
is particularly interesting in the context of extant literature in
which tobacco smoking is often correlated with lower blood
pressure levels but confounded by low body mass among
many smokers (11); in the present analysis, we can separate
out the 2 risk factors to identify how blood pressure is related
to smoking when taking into account the distribution of BMI.
We compared participants who were members of racial/
ethnic minorities to white participants both to parallel na-
tional disparities statistics that use white persons as a refer-
ence group (20–22) and to understand differences between
the distributions of risk factors in the group often considered
most “advantaged” and those groups considered less advan-
taged; we found that white participants were not always more
advantaged in terms of their risk factor distributions, and in-
deed factors that elevated blood pressure in white participants
were often hidden behind other factors that increased dispar-
ities between white and minority participants. Furthermore,
BMI differences helped to explain disparities between black
and white participants and between Mexican-American and
white participants at principally lower systolic blood pressure

levels even among persons who were hypertensive, which
also adds to the extant literature in which BMI differences
are typically only correlated to overall hypertension dispari-
ties rather than understood to affect some but not all portions
of the hypertensive blood pressure range (26). This implies
that disparities among the cohorts with higher blood pres-
sures may not be sufficiently narrowed by obesity reduction
alone. Because we provided our statistical code in an “open
source” manner, the decomposition approach to be applied
to any number of other risk factors, groups, and outcome
variables.

As with any statistical analysis of epidemiologic data, how-
ever, our analysis is subject to limitations inherent to the data
itself. We did not consider persons in racial/ethnic groups
other than non-Hispanic white, non-Hispanic black, and
Mexican-American because of small sample sizes and incon-
sistent composition of the “other” racial/ethnic categories in
NHANESdata across surveywaves.One such inconsistency in-
cludes the notable change in the composition of non–Mexican-
AmericanLatino populations due to sampling changes in 2007;
this change prevented us from extending this analysis to
non–Mexican-American Latinos. A further limitation is that
NHANES is restricted to civilian noninstitutionalized popu-
lations. NHANES also uses a cross-sectional design, which
provides only a 1-time estimate of blood pressure. The 1-time
assessment can overestimate or underestimate blood pressure
distributions in unpredictable directions, although this prob-
lem would not be expected to systematically affect 1 racial/
ethnic group over another in a manner that would bias our
analyses.

There are also key limitations inherent to our method that
are important to note. One limitation of traditional decompo-
sition is the “common support problem,” which indicates
that decomposition results are unreliable if there are limited
cross-group differences in the distribution of covariates or
regions of the covariate distributions that are only occupied
by the comparison group and not the reference group. Con-
veniently, and purposefully, we chose to study hypertension
risk factors for which white participants have a narrower dis-
tribution of values so that we did not have a common support
issue. However, for cases in which such a dilemma arises,
one strategy is to discard extreme tails of the distribution
to yield an estimator that is consistent for the common sup-
port only. A second strategy is to assess whether the esti-
mated value for a propensity score is such that there are no
matches in the sample. A third strategy involves conducting
multiple (at least 2) separate but analogous “subdecomposi-
tions,” one in which the conditioning variables are those in
group 1 (e.g., white participants) that have a narrower distri-
bution and one in which the conditioning variables are those
in group 2 (e.g., black participants) that have a narrower dis-
tribution. For each subdecomposition, the reference group
becomes the group with the narrower distribution, so that
in the counterfactual scenario, there is always common sup-
port. In both scenarios, it is the gap between 2 groups that is
being estimated, and such an analysis avoids a problem of
common support.

These issues raise opportunities for future research to op-
timize the algorithm presented here. Our initial analysis
here creates a backbone example of the application of
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decomposition as an analytical strategy for epidemiologists
to comparewhole population distributions of disease risk fac-
tors. The approach allows us to identify how modifications
that may be achieved through public health interventions
could affect different aspects of disparities across the full
spectrum of risk in a population and reveal hidden relation-
ships that might be obscured by other analytical approaches.
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