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Abstract

While persistent racial/ethnic disparities in influenza vaccination have been reported among the 

elderly, characteristics contributing to disparities are poorly understood. This study aimed to 

assess characteristics associated with racial/ethnic disparities in influenza vaccination using a 

nonlinear Oaxaca-Blinder decomposition method. We performed cross-sectional multivariable 

logistic regression analyses for which the dependent variable was self-reported receipt of influenza 

vaccine during the 2010–2011 season among community dwelling non-Hispanic African-

American (AA), non-Hispanic White (W), English-speaking Hispanic (EH) and Spanish-speaking 

Hispanic (SH) elderly, enrolled in the 2011 Medicare Current Beneficiary Survey (MCBS) (un-

weighted/weighted N= 6,095/19.2million). Using the nonlinear Oaxaca-Blinder decomposition 

method, we assessed the relative contribution of seventeen covariates—including socio-

demographic characteristics, health status, insurance, access, preference regarding healthcare, and 

geographic regions —to disparities in influenza vaccination. Unadjusted racial/ethnic disparities in 

influenza vaccination were 14.1 percentage points (pp) (W-AA disparity, p<.001), 25.7 pp (W-SH 

disparity, p<.001) and 0.6 pp (W-EH disparity, p>.8). The Oaxaca-Blinder decomposition method 

estimated that the unadjusted W-AA and W-SH disparities in vaccination could be reduced by 

only 45% even if AA and SH groups become equivalent to Whites in all covariates in 
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multivariable regression models. The remaining 55% of disparities were attributed to (a) racial/

ethnic differences in the estimated coefficients (e.g., odds ratios) in the regression models and (b) 

characteristics not included in the regression models. Our analysis found that only about 45% of 

racial/ethnic disparities in influenza vaccination among the elderly could be reduced by equalizing 

recognized characteristics among racial/ethnic groups. Future studies are needed to identify 

additional modifiable characteristics causing disparities in influenza vaccination.

Keywords

influenza vaccination; racial/ethnic disparities; elderly population; non-linear Oaxaca-Blinder 
decomposition method

Introduction

Racial/ethnic disparities in influenza vaccination among US elderly remain [1] despite the 

fact that Medicare coverage has eliminated out-of-pocket expenditures for influenza 

vaccination since 1993 [2]. The “unadjusted” influenza vaccination rate during the 2012–

2013 was 67.9% among non-Hispanic white Medicare elderly (aged 65 or older), which was 

13.4 and 2.1 percentage points (pp) higher than non-Hispanic African-American and 

Hispanic elderly, respectively [3].

Past studies have revealed racial/ethnic disparities in influenza vaccination, after adjusting 

for various observable characteristics in multiple regression models, such as socioeconomic 

status and health status [4–9]. However, these empirical studies have not measured the 

degree to which these known covariates contribute to disparities.

A statistical technique — the Oaxaca-Blinder decomposition (OB) method [10–12] — 

enables us to decompose the influenza vaccination disparities into (a) the disparity that 

stems from differences in observable characteristics (e.g., income or health insurance) across 

racial/ethnical groups, and (b) the disparity due to the different effects of these 

characteristics across racial/ethnic groups, which are represented by the differences in the 

regression coefficients. Equalizing the observable characteristics can eliminate the former 

disparity but not the latter. This latter disparity may be partly due to different effects of these 

characteristics across racial/ethnic groups-- e.g., the different effects of income on 

vaccination across racial/ethnic groups. There has been limited use of the OB method, 

particularly the non-linear BO method, in health care fields [13–15]. To the best of our 

knowledge, our study is the first to apply the Oaxaca-Blinder decomposition method for 

quantifying sources of disparities in any type of vaccination. We hypothesized that even if 

known covariates were equalized across racial/ethnical groups, disparities in influenza 

vaccination would remain, suggesting that other unmeasured factors (perhaps related to 

health system factors) might play a role.

Methods

Since the Oaxaca-Blinder (OB) decomposition method has not been widely used in health 

services research, this section explains the general concept of the OB decomposition, 
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followed by the empirical analytical methods used to address the present study’s specific 

research question.

Oaxaca-Blinder decomposition (OB) method

One major distinction between a simple regression model and an OB method is that the 

former simple model is applied among a population including both W and AA groups, when 

examining a potential disparity in a dependent variable between these two groups. The 

simple regression model concludes the presence of a racial disparity when the coefficient of 

a race variable is estimated to be statistically different from zero, after controlling for other 

covariates in the same regression model. This simple regression model usually does not 

include an interaction term between a race variable and each covariate, but rather implicitly 

assumes that the effect of each covariate (e.g., insurance) is the same between the two 

groups (e.g., White and African American elderly). On the other hand, an OB method runs 

two regression models for each of the W and AA groups. Conceptually, these regressions 

are equivalent to the simple regression model with additional interaction terms between a 

race variable and each covariate. The differences in the coefficients partly explain the 

disparity of the dependent variable. The OB method is further explained in the Appendix 

with mathematical equations.

Specific analytical method

We conducted a cross-sectional analysis in 2014, using 2011 Medicare Current Beneficiary 

Surveys (MCBS) [16]. The study population included community dwelling non-Hispanic 

African-American (AA), non-Hispanic white (White/W), and Hispanic Medicare 

beneficiaries (aged 65 or older, un-weighted/weighted N=6,095/19.2 million). Since past 

studies indicated that White-Hispanic disparities are largely explained by language 

differences among the elderly and middle-aged populations [5, 6, 17], we also distinguished 

English-speaking Hispanic (EH) and Spanish-speaking Hispanic (SH) beneficiaries based on 

whether Spanish was used in a MCBS interview.

Following the OB method [10, 11], we first ran the multivariable logistic model where the 

dependent variable was self-reported receipt of influenza vaccine during the 2010–2011 

season, for each of four racial/ethnic groups. The included covariates were classified into (a) 

predisposing characteristics (e.g., demographics), (b) enabling characteristics (e.g., Medicare 

Health Maintenance Organization (HMO)) and (c) need-related characteristics (e.g., health 

status), listed in Table 1, following the Andersen's behavioral model [18] previously applied 

to influenza vaccination [5, 17]. Using the regression results, we then computed the 

contribution to disparities from each covariate [12, 19, 20]. All analyses used STATA [21]. 

This study’s protocol was approved by the IRB at University of California, Davis.

Results

Table 1 summarizes observed characteristics across racial/ethnic groups in this study. The 

influenza vaccination rate among White enrollees was 75.7%. Unadjusted racial/ethnic 

disparities in influenza vaccination were 14.1 pp (W-AA disparity, p<.001) and 25.7 pp (W-

SH, p<.001). Because of a statistically insignificant W-EH disparity (0.6 pp; p>.8), we do 

Yoo et al. Page 3

Vaccine. Author manuscript; available in PMC 2016 June 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



not present its decomposition analysis results in Tables 2 and 3 (results are available upon 

request).

Table 1 also shows that there was no statically significant difference in all of the need-

related characteristics, i.e., health conditions, across the four racial/ethnic groups. On the 

other hand, these racial/ethnic groups significantly differed regarding most of the 

predisposing characteristics and all of the enabling characteristics. As an example, the 

proportion having private supplemental insurance and a regular physician was highest 

among the W group, followed by the EH group, the AA group and the SH group (p<.02). 

Conversely, the proportion of enrollment in Medicare HMO and Medicaid was highest 

among the SH group, followed by the EH group or the AA group (p<.01).

Table 2 presents coefficient (odds ratio) estimates across racial/ethnic groups in 

multivariable logistic regression models. This table indicates that the association between a 

certain covariate and the dependent variable could vary substantially across racial/ethnic 

groups. For instance, age, private supplemental insurance and highest income category (≥

$40,000) are estimated to have a statistically positive association (p<.01) only among the 

White group. On the other hand, “avoiding medical care when sick” has a comparable 

association in terms of its sign, statistical significance (p<.01) and magnitude across the 

three groups included in Table 2.

Table 3 indicates the results of the decomposition analysis for each of the three pairs of 

racial/ethnical disparities in influenza vaccination. This table’s top panel (three rows) shows 

the aggregated decomposition results, e.g., the W-AA disparity (14.1 pp) was decomposed 

to difference-in-characteristics-attributable disparity (6.0 pp) and difference in-coefficients-

attributable disparity (8.1 pp). These two components account for 42.39% (=6.0 pp/14.1 pp) 

and 57.61% (=8.1 pp/14.1 pp) of the disparity, respectively, as shown in the column 

“Share.” These results imply that the W-AA disparity in vaccination could be reduced by 

only 42.39% even if the AA group becomes equivalent to Whites in all the covariates in the 

regression models. Likewise, the W-SH disparity could be reduced by, at most, 47.74% even 

if the SH group becomes equivalent to Whites in all the covariates.

Table 3’s middle panel (Due to difference-in-characteristics) reports the detailed 

decomposition contributed by the racial/ethnic differences in each covariate. For instance, 

the W-AA difference in mean proportion of high school graduation (W=83.3% and 

AA=53.4% in Table 1) was attributed to 1.2 pp among the 14.1 pp total W-AA disparity in 

vaccination, i.e., its “share” is 8.54% (=1.2 pp/14.1 pp). On the other hand, the W-AA 

difference in the mean proportion of “Medicare HMO” (W=27.3% and AA=39.0% in Table 

1) was attributed to the reduction in the W-AA vaccination disparity with a “share” of 

3.44%. Among all the characteristics in Table 3, annual income categories had the largest 

magnitude of contributions due to “difference-in-characteristics.” Aggregating three income 

categories (including the reference income group), the differences in the income levels 

account for 3.3 pp out of 14.1pp (the share of 23.58%). Second to the income categories, 

having supplemental private insurance has a magnitude of 2.2 pp with a “share” of 15.60%.
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Table 3’s middle panel also indicates that the observable characteristics had a similar 

attribution to both W-AA and W-SH disparities, in terms of “share,” in explaining 

disparities due to the difference-in-characteristics. For example, higher income had the 

largest “share” (about 21–23%) in exacerbating disparities, followed by supplemental 

private insurance (about 15%), high school graduation (around 7–8%) and having a regular 

physician (approximately 4–7%).

Table 3’s bottom panel reports the detailed decomposition of the disparity contributed by the 

differences in the estimated coefficient (i.e., odds ratios (OR)) on each covariate in the 

logistic regression models summarized in Table 2. For instance, the estimated coefficient of 

having a “regular physician” was greater among White (OR=2.77 in Table 2), in terms of 

increasing the likelihood of the vaccine receipt, compared to that among AA (OR=1.33), 

which led to an increase of the W-AA disparity by 6.6 pp (i.e., the largest “share” of 

47.09%, except the constant term). The “share” of the constant term indicates that out of the 

unadjusted total W-AA disparity in vaccination (14.1 pp), 48.22% (=6.8 pp/14.1 pp) was 

still unexplained by observable characteristics included in the regression model.

Table 3’s bottom panel shows that the covariates (in the logistic regression models in Table 

2) had different attributions to the W-SH disparity, compared to those to the W-AA 

disparity, concerning share in explaining disparities due to the difference-in-coefficients 

(odds ratio), i.e., coefficient effects. For instance, the attribution of “the coefficient effect of 

having a regular physician” had the largest share (47.09%) in exacerbating the W-AA 

disparity and the fourth largest share (4.37%) in exacerbating the W-SH disparity. On the 

other hand, the attribution of residential regions had the largest share (42.68%) in worsening 

the W-SH disparity and a very small share (0.76%) in “reducing” (not worsening) the W-AA 

disparity among coefficient effects.

Discussion

This decomposition analysis found that only about 45% of both W-AA and W-SH 

disparities in influenza vaccination among the elderly could be reduced by equalizing 

commonly observable characteristics among racial/ethnic groups. The present study’s 

detailed OB method provides unique contributions to the literature by quantifying the extent 

to which specific advances in clinical care or policy could reduce disparities in influenza 

vaccination rates. For instance, strategies that might (a) equalize the proportion of patients 

who have a regular physician (e.g., by increasing the number of primary care physicians and 

the reimbursement for these physicians) or (b) equalize the proportion with private 

supplemental insurance (e.g., using public subsidies to purchase private supplemental 

insurance), could potentially reduce W-AA disparities by 2.8 pp or 19.79% (=(0.6+2.2) pp/

14.1 pp). Also, the W-AA disparity could be further reduced by (c) increasing Medicaid 

enrollment among the AA group (e.g., expanding Medicaid eligibility), and (d) increasing 

Medicare HMO enrollment among the AA group to increase the influenza vaccination rates 

among enrollees. These policy implications are equally applicable for the W-SH disparities.

Out of these policy implications, Medicaid eligibility expansion and public subsidies for 

purchasing private supplemental insurance may reduce racial/ethnic disparities in incomes 
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levels, a proxy for the financial barrier in healthcare access, which had a larger “share” 

(22%–24%) in our decomposition analysis. Additionally, increased proportion of patients 

with a regular physician would increase a chance for a patient to obtain knowledge about the 

importance of influenza vaccination from a physician. Consequent, this may mitigate the 

racial/ethnic disparities in education, a proxy for knowledge about healthcare in general, 

which also had a large “share” (7%–8%) in our decomposition analysis. Thus our novel 

model provides a “ceiling effect” to estimate the degree to which specific interventions 

might reduce disparities. Such policy implications with specific quantified goals are not 

provided by conventional simple regression analyses.

In terms of share in explaining disparities due to the difference-in-characteristics, the 

observable characteristics had a similar attribution to both W-AA and W-SH disparities. 

Conversely, regarding share in explaining disparities due to the difference-in-coefficients 

(odds ratio), the observable characteristics had variable attributions to W-AA and W-SH 

disparities. The attribution of a regular physician had the largest share (47%) in exacerbating 

the W-AA disparity and the fourth largest share (4.37%) in exacerbating W-SH disparity. 

These results are due to the smaller positive association between having a regular physician 

and vaccination among minorities, compared to that among Whites. Further studies are 

needed to assess why having a regular physician appears to have a greater effect for Whites 

than minorities with respect to influenza vaccinations.

Although not reported earlier, we chose the set of income categories in our final logit 

models in Table 2 against an alternative set of income categories (with different cut-off 

levels of $10,000 and $50,000) because of the following two reasons. First, the alternative 

set of income categories weakened the statistical significance level of the estimated 

coefficients for these income categories. Second, we selected the presented set of income 

categories based on the measures of goodness-of-fit for logit models, including Akaike 

Information Criterion and Bayesian Information Criterion.

The major limitation is that the findings are dependent on the comprehensiveness of 

covariates. Fortunately, this dataset contains large numbers of predisposing, enabling, and 

need-related, factors. Nevertheless, a large attribution of the constant (48% in share for W-

AA and 79% for W-SH disparities) indicates the need for additional characteristics to be 

included in future studies. Examples might include more detailed information about 

healthcare providers, Medicaid programs, vaccine supply and household members [6, 22–

24], which were not available in this dataset. Another minor limitation is collinearity among 

private insurance and income variables, which are likely to capture similar financial barriers. 

Because the correlation rates among these variables ranged from (−)0.39 (between the 

private insurance and a lower income category) to 0.48 (between the private insurance and a 

higher income category), the collinearity issue does not seem serious in terms of increasing 

standard errors for the estimated ORs.

In sum, our estimates based on the OB method are useful by quantifying the feasible goals 

of reducing disparities in influenza vaccination based on the currently available information 

and by highlighting the need to identify additional modifiable factors leading to disparities 

in influenza vaccinations.
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Appendix

The detailed explanation of

Although we performed the newly developed extension of “nonlinear” OB method, we start 

with describing the “linear” OB method in the context of the White (W)-African American 

(AA) disparity in order to explain the essence of the OB method.

The linear Oaxaca-Blinder decomposition can be written as

where the superscripts W and AA stand for the race groups, ȳ is the outcome of interest 

averaged over each group, and X̄k is the k-th covariate averaged over each group. The 

coefficients β̑ are estimated by the ordinary least squares (OLS) regressions from each 

group. The left-hand side of the equation is the observed disparity in the vaccination rates 

between White and African American groups. The first summation on the right side of the 

equation measures (a) the disparity due to the differences in characteristics (“characteristic 

effect”). The second summation measures (b) the disparity due to the different effects of the 

observed characteristics (“coefficient effect”). Furthermore, the detailed decomposition 

subdivides these effects into the contributions of each covariate. Namely, 

and  measure the contribution of the k-th covariate into the “characteristic 

effect” and “coefficient effect,” respectively, e.g., the W-AA difference in the insurance 

coverage level and the differential effects of insurance coverage between these two race 

groups.

The dependent variable in the present study is influenza vaccine receipt. Since this variable 

is binary, it is more appropriate to use a logistic model than an OLS model to obtain 

coefficients. Therefore, the decomposition analysis needs to be nonlinear. The “nonlinear” 

OB decomposition can be written as

where β̑ are estimated by logit model, and F() is the cumulative distribution function of the 

logistic distribution. Note that X and β in this expression are in a vector form. As above, the 

first square parenthesis measures the “characteristic effect” and the second parenthesis 
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measures the “coefficient effect.” Due to the nonlinearity of the factors, the detailed 

decomposition is not as straightforward as the “linear” decomposition. The literature has 

developed different approaches [19, 20]. Some prior studies [13–15] used a non-linear 

decomposition developed by Fairlie [25]. This approach replaces each covariate of one 

group with that of the other group to quantify the contribution of each covariate. However, 

the problem with this approach is that the result changes with the order of the replacement. 

Our study takes a different approach that linearizes the characteristic and coefficient effects 

by a first-order Taylor expansion [12].

The detailed decomposition with dummy (categorical) variables entails an identification 

problem. Specifically, the choice of reference category affects the decomposition. To 

address this issue, we followed the solution proposed by Yun [19]. To conduct the detailed 

nonlinear decomposition, we used the user-written Stata’s command “mvcdcmp” [20]. For 

the statistical inference, we conducted a bootstrap resampling method. Each resampling 

takes the stratification of the survey into account and iterated 500 times.
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