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Abstract
Purpose—Evaluating disparities in health care is an important aspect of understanding
differences in disease risk. The purpose of this study is to describe methodology for estimating
such disparities, with application to a large multi-ethnic cohort study.

Methods—The Multi-Ethnic Study of Atherosclerosis (MESA) includes 6814 participants aged
45–84 years free of cardiovascular disease. Prevalence ratio (PR) regression was used to model
baseline lipid lowering medication (LLM) or anti-hypertensive medication use at baseline as a
function of gender, race, risk factors and estimated pre-treatment biomarker values.

Results—Hispanics and African-Americans had lower prevalence of medication use than non-
Hispanic whites, even at the same risk factor profile. This became non-significant after adjustment
for socio-economic status. Although gender did not influence the prevalence of LLM use
(PR=1.09, 95% CI 0.95 to 1.25), there were differences in the association of diabetes and HDL
with LLM use by gender. Men were significantly less likely to be on anti-hypertensive
medications than women (PR=0.86, 95% CI 0.80 to 0.92, p<0.001) and this was not explained by
risk factors or socioeconomic status. Lack of health insurance strongly influenced medication use,
controlling for risk factors and other markers of socio-economic status.

Conclusions—Disparities exist in the treatment of cholesterol and hypertension. Hispanics and
African Americans had less use of LLM, men had less use of anti-hypertensives. Risk factors have
differential associations with medication use depending on gender. Methods described in this
paper can provide improved disparity estimation in observational cohort studies.
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Introduction
The ability to evaluate disparities in health care delivery is an important aspect of
understanding differences in subsequent disease risk. African Americans and Hispanic
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Americans have higher risk of cardiovascular disease (CVD) relative to whites, and higher
prevalence of many cardiovascular risk factors including hypertension, diabetes, and obesity
[1]. It is less clear whether there are disparities in treatment for these conditions, and if so,
whether there is an explanation for these disparities such as socioeconomic status. We
consider a disparity to exist if, at a given risk factor profile, one subset of participants is less
likely to receive a recommended treatment.

Large population based observational cohort studies such as the Multi-Ethnic Study of
Atherosclerosis (MESA) offer an excellent resource for exploring such disparities. The
MESA cohort covers a broad age range (45–84 at entry), is gender balanced, includes four
racial/ethnic groups (Caucasians, Chinese-Americans, African Americans, and Hispanics),
and was conducted with standardized assessments. All participants were free of clinically
apparent cardiovascular disease at study entry, and thus a study sample eligible for primary
prevention. However, methodologic challenges also exist when studying disparities in the
cohort setting. Many of the MESA participants are receiving medical therapies, with almost
40% of participants on anti-hypertensive medications at baseline (2000–2002), and 16% on
lipid lowering medication. These numbers rise to approximately one half and one third of
the population by the fourth follow-up examination respectively (2005–2007). Participants
not on medications at baseline but who begin treatment later in the study (“new users”) may
have been influenced by the fact that we reported baseline results (including blood pressure
and cholesterol) to both participants and their physicians. Estimated rates of new users may
thus be higher and more equally distributed across racial/ethnic and socioeconomic groups
than in the general population. For example, examination of such participants who started on
a new medication after the baseline exam would underestimate any disparities due to lack of
access to regular health care or disparities in screening. Thus, for purposes of evaluating
disparities it is more desirable to examine rates of medication use at the time that
participants enter the study. However, for participants taking medications at baseline, we
have confounding by indication since we do not have a measurement of their pre-treatment
biomarker values.

One option is to examine utilization patterns without accounting for pre-treatment biomarker
values [2]. However it is unclear then how much the differences reflect actual disparities
(different rates of use at the same risk factor profile) versus differences due to differing risk
factor profiles. For instance, African Americans are known to have higher rates of
hypertension compared to non-Hispanic whites, and thus they have (and should have) a
greater prevalence of anti-hypertensive medication use. What is less clear, however, is
whether they are more likely (or less likely) to be treated at a given level of untreated blood
pressure and risk factor profile. In other words, it is unclear whether there is a disparity as
opposed to merely a difference. Another approach to this question is to focus on the
prevalence of untreated hypertension/dyslipidemia—that is, the proportion of the population
meeting the criteria for treatment but not receiving it [3–7]. This is a valid approach,
however, it leaves open the possibility of residual confounding by the level/severity of the
untreated hypertension/dyslipidemia. That is, even though everyone is above the threshold
for the diagnosis, there may remain large differences in the magnitude of the blood pressure/
cholesterol that are not accounted for by this method.

In this paper we use a modeling approach described previously [8] to estimate pre-treatment
cholesterol and blood pressure values for those on medications at baseline. We then fit
models for the prevalence of medication use that control for estimated pre-treatment values
of the underlying biomarker of interest. Differences by covariates such as gender or race/
ethnicity then reflect differences in medication use conditional on the underlying biomarker.
We use these models to examine gender and racial/ethnic disparities in medication use in
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MESA, as well as to compare risk factor associations with medication use across gender/
ethnicity groups.

Methods
The Multi-Ethnic Study of Atherosclerosis

MESA is designed to study the prevalence, risk factors and progression of subclinical
cardiovascular disease in a multi-ethnic population. A detailed description of the study
design and methods has been published previously [9]. Briefly, 6814 participants aged 45–
84 years who identified themselves as White, African-American, Hispanic, or Chinese were
recruited from six U.S. communities from 2000–2002. All participants were free of
clinically apparent cardiovascular disease. The communities were Forsyth County, NC;
Northern Manhattan and the Bronx, NY; Baltimore City and Baltimore County, MD; St.
Paul, MN; Chicago, IL; and Los Angeles County, CA. Each field center developed its
recruitment procedures according to the characteristics of its community and available
resources, including lists of residents, dwellings, and telephone exchanges. Supplemental
resources, including lists of Medicare beneficiaries and referrals by participants, were used
in the last stages of enrollment to meet goals for the elderly and minorities. Each site
recruited an approximately equal number of men and women, according to pre-specified age
and race/ethnicity proportions. All participants gave informed consent.

Information on demographics, smoking, medical conditions, and family history, were
collected via questionnaire at the initial examination. Height and weight were measured at
the baseline exam, and blood was drawn for measurements including lipids, inflammation,
fasting glucose, and fibrinogen. Resting blood pressure was measured three times in the
seated position, and the average of the last two measurements was used in analysis.
Medication use was determined by questionnaire. Additionally, the participant was asked to
bring to the clinic containers for all medications used during the two weeks prior to the visit.
The interviewer then recorded the name of each medication, the prescribed dose, and
frequency of administration from the containers. The participant was also queried about how
many pills they had taken over the past two weeks on average per day/week/month. All
analyses described in this paper use the information transcribed from the containers.

Statistical Methods
For participants taking lipid lowering medication at baseline their pre-treatment cholesterol
levels were estimated using techniques that have been described previously [8]. Similarly,
we also estimate pre-treatment blood pressure for those taking anti-hypertensive medication
at baseline. Briefly, pre-treatment values are estimated based on type of drug, observed
cholesterol/blood pressure, and demographics. The model used is derived from the subset of
new drug users throughout the study (that is, using the pre and post treatment values for the
new users). This model is then applied to the subset of participants already taking
medication at baseline (a mutually exclusive subset from the new user subset on which the
model is estimated). For cholesterol the imputation model included: observed on-treatment
cholesterol, age, gender, race/ethnicity, diabetes, anti-hypertensive medication use (yes/no),
HDL cholesterol, triglycerides, indicators for each type of lipid lowering medication
(atorvastatin, fluvastatin, lovastatin, pravastatin, simvastatin, rosuvastatin, fibrates, resins,
niacin, ezetimibe). For each of the statins except rosuvastatin we also indicated average
versus high dose. We imputed total cholesterol rather than LDL cholesterol since total
cholesterol was measured, and LDL was estimated via the Friedewald equation [10] and is
missing for specimens with triglyceride >400mg/dl.
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The model to impute pre-treatment blood pressures was developed to include: observed on-
treatment systolic and diastolic blood pressures, age, gender, race/ethnicity, body mass
index, diabetes, HDL and total cholesterol, smoking status (never/former/current), indicators
for each class of anti-hypertensive medication (beta blockers, calcium channel blockers,
diuretics, ACE inhibitors/angiotensin II receptor blockers, vasodilators), all two-way
interactions between different medication types, and two way interaction between each of
gender and race/ethnicity with each medication type. To incorporate the additional
variability inherent in having to estimate the pre-treatment biomarker values, we use
multiple imputation techniques following the algorithm of Van Buuren et al. [11] as
implemented and described by Royston [12, 13]. For each biomarker (either cholesterol or
systolic and diastolic blood pressures) 10 imputations are created. Models using the
biomarkers are repeated 10 times and results are pooled using a set of rules proposed by
Rubin [14].

Two sets of regression models for the prevalence of medication use at baseline were
developed: one for use of anti-hypertensive medications, one for the use of lipid lowering
medications. A first model for each endpoint included age, gender, race/ethnicity, estimated
pre-treatment blood pressures (or cholesterol for the lipid lowering model), diabetes,
cholesterol (or hypertension), body mass index, and smoking status. A second model
included income, education, and health insurance to explore the extent to which differences
in socioeconomic status may explain the disparities. The interactions of each risk factor with
gender and race/ethnicity were tested, and models exploring the relationship of risk factors
with medication use were subsequently stratified into groups by gender and race/ethnicity.
For these models we used a form of prevalence ratio regression, a generalized linear model
with a log link, Gaussian error structure, and robust standard errors. This is preferable to
logistic regression here because the endpoints (medication use) are not rare, and odds ratios
would not approximate the relative risks.

Results
In Table 1 we describe the baseline characteristics of the MESA participants. Overall 16%
of the cohort was taking lipid lowering medication, and 37% were taking anti-hypertensive
medications. These percentages varied by both gender and race/ethnicity. The highest
percentage of lipid lowering medication use was among Caucasian men at 19.9%, but for the
other three racial/ethnic groups women had a slightly higher prevalence of use than men,
ranging from 13.8% for Hispanic women to 17% for African-American women. A large
percentage of those with high cholesterol were untreated. This percentage ranged from
22.5% in African-American men, to almost 50% in Hispanic women. The prevalence of
anti-hypertensive medication use was highest among African-American men (53.1%)
following by African-American women (46.9%), and the lowest prevalence was among
Chinese men (28.2%) and women (29.3%). Approximately 17–30% of those with
hypertension were not treated, with lowest rates of untreated hypertension in black women,
and the highest in Chinese men.

Adjusted prevalence ratios for medication use are presented in Table 2. After adjusting for
risk factors including estimated pre-treatment cholesterol there is no apparent gender
disparity in the use of lipid lowering medications. Both Hispanics and African Americans
were significantly less likely to be taking a lipid lowering medication at the same level of
risk factors (Hispanics: PR 0.75, 95% CI 0.61 to 0.91; African-Americans: PR 0.84, 95% CI
0.73 to 0.97, p=0.02). These differences were attenuated and became non-significant after
additional adjustment for socio-economic factors, primarily health insurance. All minority
groups were far more likely to be uninsured than non-Hispanic whites (Chinese 19%,
Hispanics 18%, African American 6% versus non-Hispanic Whites with 2.7% uninsured).
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The prevalence of anti-hypertensive medication use was significantly lower among men than
women (Table 1). This difference was not explained by risk factors, estimated pre-treatment
blood pressure, or socio-economic variables. Differences in anti-hypertensive medication
use across race/ethnicities were slight and overall non-significant, conditional on the same
risk factor profile.

For lipid lowering medication use we found several gender interactions, specifically with
diabetes (p=0.004) and HDL cholesterol (p=0.015) after adjustment for the other risk factors
(Table 3). Diabetes was much more strongly associated with the use of lipid lowering
therapy among women than among men regardless of race/ethnicity. In fact, in White and
Hispanic men diabetes was not associated with more lipid lowering therapy. HDL
cholesterol was associated with lower rates of lipid lowering therapy only among white
women.

The correlates of anti-hypertensive medication use also vary by race/ethnicity (Table 4).
Significant differences by race/ethnicity were found in the associations for body mass index
(p<0.001), estimated pre-treatment blood pressures (p<0.001 for systolic, p=0.057 for
diastolic), and age (p=0.048). Among African-American participants body mass index was
less strongly associated with prevalence than among the other race/ethnic groups. Among
African-American participants, the prevalence of anti-hypertensive medication use increased
less steeply with increasing estimated pre-treatment systolic blood pressures than for the
other race/ethnic groups. In addition the use of anti-hypertensive medications increased with
age in both men and women, though this was significantly steeper in men (p=0.023) for each
race/ethnic group.

In Figures 1 and 2 we display the prevalence of medication use across pre-treatment
biomarker values, adjusted to a common risk factor profile. Once cholesterol levels are in
the elevated range (>200 mg/dl) Hispanics are clearly less often on lipid lowering treatment
than other race/ethnicities for both men and women. Non-hispanic white men were much
more likely to be on treatment than their minority counterparts. For anti-hypertensive
medication, African-American men consistently have the highest prevalence of use,
Hispanics the lowest. For women, the prevalence increases more sharply with blood
pressure than for men, especially for Chinese women. It is important to note that the
percentages in the figures represent estimates of what would be observed if all the gender/
ethnicity groups had the same risk factor profile, and do not reflect actual rates in the
population. The comparisons between the curves are thus a graphical illustration of
disparities rather than of observed differences.

Among the socioeconomic variables, lack of health insurance was by far the most influential
for both anti-hypertensive medication use (PR 0.75, 95% CI 0.66–0.87, p<0.001) and lipid
lowering medication use (PR 0.14, 95% CI 0.03–0.63, p=0.010). Education was not
significant in either model, and income was associated only with lipid lowering medication.
As previously described, in MESA results of the various tests including blood pressure and
lipids were reported to both the participant’s and their physicians. To assess the extent to
which access to regular risk factor evaluation might explain the disparities, we also fit
models examining new users of medication by the second follow-up examination (n=517
new users of lipid lowering medication, n=455 new users of anti-hypertensive medication).
For anti-hypertensive medication use the differences between genders disappeared,
suggesting that lack of regular blood pressure evaluation may be responsible for observed
disparities. For new users of lipid lowering medications, the differences between race/ethnic
groups persisted, with both African-American and Hispanic participants having significantly
lower prevalence of medication use. This suggests that it is not screening for the cholesterol
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level that is explaining the difference. In this model men also had a higher prevalence of use,
in comparison to the baseline model which showed no difference by gender.

Discussion
The results of this study highlight both the methodology used and the epidemiology of
disparities in medication use. In terms of the methodology, the estimation of the pre-
treatment biomarker values allows better control of confounding by indication, and allows
more informative graphical presentation of results compared with standard methods.
Ignoring the underlying pre-treatment biomarker values confounds differences in the
prevalence of the underlying condition (e.g. high blood pressure or high cholesterol) with
disparities in the prevalence of medication use at a given level of the condition. Attempting
to control for this using observed on-treatment biomarker values is also problematic since
this is conditioning on an effect of the medication itself. As mentioned earlier, another valid
approach would have been to model the prevalence of medication use within the subset of
participants with hypertension or dyslipidemia. However, even above the threshold for
defining hypertension or high cholesterol there may still be large differences in the
distribution of blood pressure and cholesterol respectively. This leaves open the possibility
of residual confounding within the range of hypertension/dyslipidemia, and does not allow
the further exploration (either graphically or in the model) of the slope of the associations
with the magnitude of the biomarker. Finally, relying exclusively on a new user analysis
may obscure important disparities that are due to access to regular health care and screening.
Thus, the methodology described here allows additional insights into disparities from large
cohort studies compared to existing approaches.

We did find evidence of some disparities in medication use. In terms of lipid lowering
medications, our results indicate that Hispanics and to a lesser extent African-Americans
may be undertreated. This seemed to be largely a result of socio-economic factors, and may
reflect access to care. Although present for both genders, this disparity was particularly
apparent among men. It has been reported that African Americans and Hispanics are much
less likely than non-Hispanic white Americans to be screened and treated for lipid
abnormalities and other cardiovascular risk factors [5, 14, 15]. In the new user model the
racial differences persisted, suggesting that for our population differential knowledge of
cholesterol level does not explain the disparity. This again points to socio-economic status
and the ability to affordably obtain the treatment as the root of the disparity. In the new user
model men also had a higher prevalence of use, in comparison to the baseline model which
showed no gender disparity. This may indicate that once men are evaluated for their
cholesterol they are more likely to be treated at the same risk factor level, but that outside
the study they are not being evaluated as often as women.

With respect to blood pressure lowering medications, Hispanics again consistently had the
lowest prevalence of use even at the same risk factor profile. Men were significantly less
likely to be on anti-hypertensive medications than women and this was not explained by risk
factors or socioeconomic status. These findings are consistent with Cutler et al [17] who
reported that women had better hypertension awareness, treatment and control, but that
blood pressure trends over time were more favorable in men. Additionally they found that
Mexican Americans had the lowest rates of treatment and control. Interestingly, when the
new user model was used the differences between race and gender groups disappeared. This
suggests that knowledge of high blood pressure (reported to participants and their physicians
after each exam) removed the disparity that was apparent at baseline.

There were also some disparities in terms of how risk factors were associated with treatment
prevalence (conditional on all the other risk factors). For example, the association of
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diabetes with lipid lowering medication use varied by gender, despite the fact that guidelines
for cholesterol treatment do not differ by gender with respect to diabetes. There was a
difference in how body size related to treatment prevalence, whereby among African-
American participants body size was not as strongly associated with anti-hypertensive
medication use compared to among other races.

It is important to note that the prevalent users would include participants who had previously
been treated but did not tolerate the therapy, or did not respond to therapy, and who
subsequently discontinued use. Additionally, the participants had to have the medication
containers to bring with them to the clinic visit, and hence had to have filled their
prescription at some point. Thus the disparities seen at baseline refer more to “use patterns”
as opposed to “prescribing patterns”.

In summary, our study suggests that more regular evaluation of blood pressure, for men in
particular, could reduce the observed disparities in anti-hypertensive medication use by
increasing awareness. Further, it suggests that insurance coverage for lipid lowering
medications could improve medication use in vulnerable populations, particularly Hispanics
and African Americans. Finally, the methodology described here can be used to validate or
expand on these observations in other large cohort studies.
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Key Points

• Disparities exist in the treatment of cholesterol and hypertension.

• Hispanics were significantly less likely to be on LLM at the same level of risk
factors. Men have lower prevalence of anti-hypertensive use than women. Risk
factors have differential associations with medication use depending on gender.

• Both lipid lowering and anti-hypertensive medication use appear to be strongly
influenced by socioeconomic factors, particularly lack of health insurance.

• Estimation of disparities is important but challenging in an observational cohort
study. Methods described in this paper can provide additional insights.
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Figure 1. Adjusted Prevalence of Lipid Lowering Medication Use by Gender and Race/
Ethnicity: Multi-Ethnic Study of Atherosclerosis 2000–2002
The adjusted prevalence of lipid lowering medication use is displayed as a function of
estimated pre-treatment cholesterol for each gender and race/ethnicity. Estimated prevalence
is based on a logistic regression model and is adjusted to an average age of 62, HDL of 55
mg/dl, non-smoking, non-hypertensive, non-diabetic population without family history.
These are thus estimates of what would be observed if all the gender/ethnicity groups had
the same risk factor profile, and do not reflect actual rates in the population.
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Figure 2. Adjusted Prevalence of Anti-Hypertensive Medication Use by Gender and Race/
Ethnicity: Multi-Ethnic Study of Atherosclerosis 2000–2002
The adjusted prevalence of anti-hypertensive medication use is displayed as a function of
estimated pre-treatment systolic blood pressure for each gender and race/ethnicity.
Estimated prevalence is based on a logistic regression model and is adjusted to an average
age of 62, HDL of 55 mg/dl, non-smoking, non-dyslipidemic, non-diabetic population
without family history. These are thus estimates of what would be observed if all the gender/
ethnicity groups had the same risk factor profile, and do not reflect actual rates in the
population.
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