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Abstract 

Background: Alzheimer’s Disease (AD) is the mostcommon cause of dementia, a neurological disorder character‑
ized by memory loss and judgment impairment. Hyperlipidemia, a commonly co‑occurring condition, should be 
treated to prevent associated complications. Medication adherence may be difficult for individuals with AD due to 
the complexity of AD management. Comprehensive Medication Reviews (CMRs), a required component of Medicare 
Part D Medication Therapy Management (MTM), have been shown to improve medication adherence. However, many 
MTM programs do not target AD. Additionally, racial/ethnic disparities in MTM eligibility have been revealed. Thus, this 
study examined the effects of CMR receipt on reducing racial/ethnic disparities in the likelihood of nonadherence to 
hyperlipidemia medications (statins) among the AD population.

Methods: This retrospective study used 2015‑2017 Medicare data linked to the Area Health Resources Files. The likeli‑
hood of nonadherence to statin medications across racial/ethnic groups was compared between propensity‑score‑
matched CMR recipients and non‑recipients in a ratio of 1 to 3. A difference‑in‑differences method was utilized to 
determine racial/ethnic disparity patterns using a logistic regression by including interaction terms between dummy 
variables for CMR receipt and each racial/ethnic minority group (non‑Hispanic Whites, or Whites, as reference).

Results: The study included 623,400 Medicare beneficiaries. Blacks and Hispanics had higher statin nonadherence 
than Whites: Compared to Whites, Blacks’ nonadherence rate was 4.53% higher among CMR recipients and 7.35% 
higher among non‑recipients; Hispanics’ nonadherence rate was 2.69% higher among CMR recipients and 7.38% 
higher among non‑recipients. Differences in racial/ethnic disparities between CMR recipients and non‑recipients 
were significant for each minority group (p < 0.05) except Others. The difference between Whites and Hispanics in 
the odds of statin nonadherence was 11% lower among CMR recipients compared to non‑recipients (OR = 0.89; 95% 
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Background
Alzheimer’s Disease (AD) is the most common cause of 
dementia, a neurological disorder characterized by mem-
ory loss and judgment impairment. AD affected an esti-
mated 5.8 million Americans aged 65 years and older in 
2020 [1]. In 2019 in the United States, AD was the sixth 
largest cause of death overall and the fifth largest cause 
of death among the 65 years and older population [2]. As 
life expectancy of the population extends in the US and 
the size of the elderly population grows, the prevalence of 
AD is expected to increase [3, 4]. Due to the high preva-
lence of AD in the US and the associated life-altering 
negative neurological symptoms, healthcare costs associ-
ated with AD are high and expected to increase. The esti-
mated national healthcare cost of AD and other related 
dementias in 2020 alone was $305 billion and is predicted 
to increase to upwards of $1.1 trillion by 2050 [1, 5].

Representing 5-10% of dementia cases, dementia 
caused by cerebrovascular or vascular disease is the sec-
ond most common type of dementia after AD, and such 
dementia frequently occurs in conjunction with AD [1]. 
This is considered a mixed pathology [1]. Research has 
been conducted to determine if hyperlipidemia could be 
a prominent risk factor for AD development. While the 
research community has yet to reach a consensus, recent 
studies have found a link between elevated lipids and AD 
[6–9]. Whether hyperlipidemia poses an increased risk 
for AD development or is simply a comorbid condition 
for some patients with AD, hyperlipidemia should be 
treated to reduce potential associated health complica-
tions among patients with AD and related dementias.

Adherence to medications to prevent potential adverse 
cardiovascular events is important in reducing health 
complications and healthcare costs associated with AD. 
However, medication adherence can be especially diffi-
cult for an individual with AD due to the complexity of 
AD management. Therefore, services offered by health-
care professionals to promote and increase medication 
adherence, such as medication therapy management 
(MTM), may be beneficial in this population.

In 2006, to combat medication utilization issues, the 
Centers for Medicare and Medicaid Services (CMS) 
began requiring MTM programs to be incorporated 

into Medicare prescription drug (Part D) plans [10]. 
The purpose of MTM programs is for pharmacists or 
other qualified healthcare providers to enhance thera-
peutic health outcomes for individuals by deliver-
ing patient-directed consulting services that aim to 
increase medication adherence, reduce adverse event 
risk, and improve medication utilization [11]. A major 
component of MTM programs is an annual Compre-
hensive Medication Review (CMR). A CMR is a consul-
tation with the patient to interactively and thoroughly 
review their prescription and over-the-counter medica-
tions [12]. After a CMR, patients are provided with a 
printed summary of the consultation, including a Medi-
cation Action Plan with simple instructions and a Per-
sonal Medication List with all current medications and 
instructions [12]. A CMR grants MTM providers time 
to identify and solve medication-related issues while 
offering the recipient medication management advice 
and stressing the importance of medication adherence. 
Studies have shown that MTM services, such as CMRs, 
can reduce healthcare costs and improve medication 
adherence [13, 14].

Despite the evident benefits of MTM services and 
annual CMRs, there have been issues associated with the 
target populations for the MTM program. Each MTM 
program has liberty in determining MTM eligibility cri-
teria under CMS guidelines, including which chronic 
conditions to target [15]. CMS requires that MTM pro-
grams target diseases on a list of pre-specified chronic 
conditions, but AD was not included as one of these until 
2012 [15]. Nevertheless, AD has still not been a targeted 
condition by many MTM programs. For example, only 
12.3% of MTM programs in 2017 included AD as a tar-
geted condition [16]. Based on the most recent MTM 
program data available to researchers, only 14.3% of the 
MTM programs included AD in 2019 [17]. Furthermore, 
racial/ethnic disparities have been found to be associ-
ated with MTM eligibility [15, 18]. As a result, minority 
populations may be less likely than non-Hispanic Whites 
(Whites) to be eligible for MTM services. Consequently, 
CMS has broadened the MTM eligibility criteria for 
MTM programs in recent years with an intent to reduce 
disparities [15].

Confidence Interval = 0.85‑0.94 for the interaction term between dummy variables for CMR and Hispanics). Interac‑
tion terms between dummy variables for CMR and other racial/ethnic minorities were not significant. 

Conclusions: Receiving a CMR was associated with a disparity reduction in nonadherence to statin medications 
between Hispanics and Whites among patients with AD. Strategies need to be explored to increase the number of 
MTM programs that target AD and promote CMR completion.

Keywords: Comprehensive medication review, Medication therapy management, Alzheimer’s, Disparity, Race/
ethnicity, Hyperlipidemia, Statins
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As MTM utilization data became available for research 
in recent years, an opportunity has arisen to examine 
the effects of MTM on disparities. Yet, no studies have 
examined the effect of CMRs on racial/ethnic disparities 
among the AD population. Therefore, this study aimed 
to determine if CMRs mitigate racial/ethnic disparities 
by reducing the likelihood of nonadherence to hyperlipi-
demia medications, specifically statins, among the AD 
population.

Methods
This study retrospectively analyzed 2015-2017 Medicare 
data linked to Area Health Resources Files (AHRF) [19]. 
Medicare data included the Master Beneficiary Summary 
File (MBSF), Parts A/B claims, the Part D Event (PDE) 
File, and the Part D MTM Data File [20]. From these 
Medicare data files, beneficiary-level data were obtained. 
Specifically, the MBSF provided demographic and enroll-
ment information for Medicare beneficiaries [21], and 
diagnosis information was obtained from Parts A/B data 
[20, 22]. Prescription utilization information, such as the 
drug name, service dates, and days supply, was provided 
by the PDE File [23], while MTM services information 
and CMR receipt were provided by the Part D MTM 
File [24]. Additionally, county-level information, such as 
healthcare capacity, income per capita, and education 
levels within the population, was obtained from AHRF 
[19]. The CMS Research Data Assistant Center facilitated 
access to the Medicare data utilized for this study.

The study sample included Medicare beneficiaries 
who met the following criteria in a study year: (1) aged 
65 years or older; (2) were alive at the end of the study 
year; (3) had continuous Medicare Parts A, B, and D 
coverage; (4) had a diagnosis of AD based on the Inter-
national Classification of Diseases version 9 (ICD-9) and 
version 10 (ICD-10) codes identified in medical claims 
from 2010 to 2017; and (5) met the inclusion/exclusion 
criteria that Pharmacy Quality Alliance (PQA) devel-
oped for calculating its adherence measure for statin 
medications. Based on the PQA criteria, individuals were 
included if they received at least two fills for statin medi-
cations on separate dates during the study period, with 
the first fill occurring 91 days prior to the end of the study 
period; patients were excluded if they had a diagnosis of 
end-stage renal disease or a record of hospice care [25, 
26].

To examine the effects of CMRs, a Difference-in-Dif-
ferences (DID) approach was used to compare the out-
come differences across racial/ethnic groups between a 
treatment group (CMR recipients) and a control group 
(CMR non-recipients). The treatment group was com-
posed of MTM enrollees who received a CMR. The con-
trol group included non-MTM enrollees who met MTM 

eligibility criteria but did not receive a CMR. Propensity 
score matching was utilized to ensure that the treatment 
and control groups contained patients with comparable 
characteristics [27, 28]. The propensity score represented 
the predicted probability of each individual receiving a 
CMR and was estimated by a logistic regression which 
accounted for all patient and community characteristics. 
Individuals in the control and treatment groups were 
then matched in a 3:1 ratio using the nearest neighbor 
propensity score without replacement [27, 28]. Finally, 
the propensity-score-matched treatment and control 
group members from each study year were pooled to 
form the final study sample.

The MTM eligibility criteria used by this study were 
based on the CMS guidelines and MTM program prac-
tices [11, 29, 30]. In general, Medicare Part D enrollees 
were deemed eligible for MTM services by Part D plans if 
the following three conditions were met: (1) had at least 
two to three chronic conditions; (2) had at least two to 
eight Part D covered medications; and (3) were likely 
to have minimum medications costs of $3138 in 2015, 
$3507 in 2016, and $3919 in 2017 [11, 29–31]. To account 
for the representative MTM eligibility thresholds in the 
analysis, the mode values of three chronic conditions and 
eight covered medications were analyzed for each study 
year [16, 32, 33]. A list of 25 chronic conditions was used 
to identify the number of chronic conditions a patient 
had [31].

A binary outcome variable was constructed to measure 
nonadherence to statin medications (nonadherent = 1; 
adherent = 0). While there are several hyperlipidemia 
medications available, statins were analyzed for this study 
since statins are the most widely used medications for 
hyperlipidemia treatment. Nonadherence was measured 
in terms of the proportion of days covered (PDC), in the 
same manner as the adherence measure for statin medi-
cations developed by the PQA and adopted by the CMS 
Star Ratings [34]. If the PDC was less than 80% for the 
statin medication received, the individual was considered 
nonadherent. Since the service date of the CMR receipt 
was available, the PDC was measured based on all pre-
scriptions received after the CMR receipt date in the 
treatment group. For CMR non-recipients, the prescrip-
tion records for the entire year were used to measure the 
outcome.

The conceptual framework for this study was the 
Gelberg-Andersen’s Behavioral Model for Vulnerable 
Populations [35]. The individual- and community-level 
characteristics were classified as predisposing, enabling, 
and need factors based on their relationship to prescrip-
tion utilization [35]. Predisposing factors refer to patient 
characteristics that predetermine patients’ utilization of 
medications. For this study, individual-level predisposing 
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factors were age, gender, and  race/ethnicity. The com-
munity-level predisposing factors were the proportion 
of married-couple families, the proportion of the popu-
lation with high school or higher education, income per 
capita, and the proportion of the uninsured population. 
The racial/ethnic groups included were Whites, Blacks, 
Hispanics, Asians/Pacific Islanders (Asians), and Others. 
The enabling factors in this study were community-level 
characteristics that represent the accessibility of health-
care services. These included metropolitan statistical 
area (MSA), health professional shortage area (HPSA), 
and census regions. Finally, the need factors are charac-
teristics that represent an individual’s perceived or actual 
health status. For this study, the need factor was a risk 
adjustment summary score that indicates the expected 
healthcare expenses of the individual in relation to the 
average Medicare beneficiary [36].

Differences in characteristics were compared between 
CMR recipients and non-recipients by analyzing contin-
uous variables with t-tests and categorical variables with 
Chi-squared tests. Chi-squared tests were conducted to 
examine the differences in the proportions of statin non-
adherence across racial/ethnic groups between CMR 
recipients and non-recipients.

Multivariate logistic regression analyses were carried 
out in two stages. First, an adjusted regression was run 
separately for each study group to examine the factors 
affecting the likelihood of nonadherence, particularly 
the association between the outcome and each minor-
ity race dummy variable (Blacks, Hispanics, Asians, and 
Others) in comparison to Whites. Then, a DID analysis 
was performed using the same adjusted regression model 
and interaction terms between CMR receipt and race/
ethnicity dummy variables with Whites as the reference 
group. The odds ratio (OR) of the interaction terms rep-
resented the effect of receiving a CMR on racial/ethnic 
disparity between minority groups and Whites. Specifi-
cally, receiving a CMR would be associated with reduced 
racial/ethnic disparities in the likelihood of statin medi-
cation nonadherence if the OR is negative.

Because multiple years of data were pooled for the anal-
yses, some Medicare beneficiaries were likely to appear 
in more than one year if they met the inclusion criteria 
for multiple years. Robust standard errors were therefore 
used to account for potential correlations between the 
outcomes of a single beneficiary across different years. 
In addition, because community-level covariates were 
used, standard errors were clustered at the county level 
to account for possible correlations within a county. All 
statistical analyses were performed using SAS®9.4. This 
study was approved by the Institutional Review Board 
(approval number: #20-07197-XM) at the corresponding 
author’s institution.

Results
The final study sample of 623,400 Medicare benefi-
ciaries included 155,850 (25%) CMR recipients and 
467,550 (75%) CMR non-recipients. Before propen-
sity score matching, differences in patient characteris-
tics between the two study groups were significant for 
age (p < 0.0001), race/ethnicity (p < 0.0001), per capita 
income (p < 0.0001), the proportion of uninsured pop-
ulation (p = 0.0333), MSA (p = 0.0488), distribution 
across geographic regions (p < 0.0001), and risk adjust-
ment summary score (p < 0.0001). After matching, 
patient characteristics were similar for the two study 
groups, except CMR recipients were slightly younger 
(p = 0.0002). Each racial/ethnic group was represented 
in equal proportions in both study groups with 75.75% 
Whites, 10.40% Blacks, 8.63% Hispanics, 3.63% Asians, 
and 1.58% Others (Table 1).

Within each of the two study groups, differences in 
the proportions of statin medication nonadherence 
across racial/ethnic groups showed a similar pattern in 
which both Blacks and Hispanics had higher propor-
tions of nonadherence than Whites (Fig.  1). However, 
the gap between Whites and these two minority groups 
was smaller among CMR recipients than non-recipients. 
Specifically, the difference in the proportions of nonad-
herence between Blacks and Whites was 4.53% (18.33% 
vs. 13.80%) for CMR recipients and 7.35% (27.54% vs. 
20.19%) for non-recipients. Similarly, the gap in the pro-
portions of nonadherence between Hispanics and Whites 
was 2.69% (16.49% vs. 13.80%) for CMR recipients and 
7.38% (27.57% vs. 20.19%) for non-recipients. For both 
CMR recipients and non-recipients, Asians had a lower 
proportion of nonadherence compared to Whites. Pat-
terns of racial/ethnic disparities between CMR and 
non-CMR recipients were found to be significant in the 
unadjusted analysis for each racial/ethnic minority group 
(p < 0.05) except for Others (p = 0.0548).

Table 2 presents the results of the multivariate analyses 
that separately examined racial/ethnic disparities in sta-
tin medication nonadherence among CMR recipients and 
non-recipients. Blacks and Hispanics had higher odds of 
nonadherence than Whites among CMR recipients and 
non-recipients; Others had higher odds of nonadherence 
than Whites among CMR non-recipients.

Other patient and community characteristics also 
exhibited significant association with statin medica-
tion nonadherence. Among both CMR recipients and 
non-recipients, being male and living in a county with a 
higher proportion of married-couple families were asso-
ciated with lower odds of nonadherence. In contrast, liv-
ing in a county with a higher proportion of the uninsured 
population, living in the South (compared to Northeast 
region), and having a higher risk adjustment summary 
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score were each associated with an increased odds of 
nonadherence.

Results from the DID analysis were reported in Table 3. 
The ORs for the interaction terms for CMR and Hispan-
ics, Asians, and Others were negative, but only the OR 
for the interaction term between CMR and Hispanics 
was significant (OR = 0.89; 95% Confidence Interval or 
CI = 0.85-0.94).

This suggests that the disparities between Hispanics 
and Whites in the odds of statin medication nonadher-
ence was 11% lower among CMR recipients compared to 
non-recipients. In the results from the DID analysis, sim-
ilar patient and community characteristics had a signifi-
cant association with statin nonadherence as in Table 2.

Discussion
This study used the Medicare data from 2015 to 2017 
to evaluate the effect of CMRs on racial/ethnic dispari-
ties in statin medication nonadherence among Medicare 

beneficiaries aged 65 years or older with AD. It was 
found that the disparities between Whites and Hispanics 
experienced a higher reduction among CMR recipients 
relative to CMR non-recipients. The finding of higher 
disparity reduction between Whites and Hispanics 
among CMR recipients supports that CMRs can improve 
medication adherence among Hispanics in the Medicare 
population with AD. However, since disparities persist 
between Whites and Hispanics among CMR recipients, 
barriers to adherence persist among Hispanics.

As previously mentioned, AD is a chronic condition 
that only a small percentage of MTM programs target 
[16, 17, 32]. These findings from this study on the ben-
efits of CMRs among the study population with AD sug-
gest that improving plans’ MTM program to better target 
AD is crucial. This is especially true because the comple-
tion rates of CMRs are increasing, but the rates remain 
low, especially among stand-alone Part D plans. Accord-
ing to a Pharmacy Quality Solutions Star Ratings report, 

Table 1 Characteristics among recipients and non‑recipients of comprehensive medication review

Abbreviations: CMR Comprehensive Medication Review, SD Standard deviation
a Community-level factor; * before propensity score matching, the difference between CMR recipients and non-recipients was significant (p < 0.05); ** before and after 
propensity score matching, the difference between CMR recipients and non-recipients was significant (p < 0.01)

Characteristics Before Matching After Matching

CMR Recipients
n = 169,705

CMR Non-Recipients
n = 776,670

CMR Recipients
n = 155,850

CMR Non-
Recipients
n = 467,550

Number % Number % Number % Number %

Predisposing Factors
 Age, mean (SD)** 79.10 (7.21) 80.82 (7.59) 79.59 (7.14) 79.75 (7.44)

 Male 60,417 35.60 280,854 36.16 56,393 36.18 169,179 36.18

 Race/Ethnicity*

  Non‑Hispanic Whites 120,141 70.79 583,401 75.12 118,064 75.75 354,192 75.75

  Blacks 21,564 12.71 77,253 9.95 16,206 10.40 48,618 10.40

  Hispanics 19,770 11.65 66,571 8.57 13,446 8.63 40,338 8.63

  Asians/Pacific Islanders 5737 3.38 36,617 4.71 5664 3.63 16,992 3.63

  Others 2493 1.47 12,828 1.65 2470 1.58 7410 1.58

 Proportion of Married‑Couple Families, mean (SD)a 0.72 (0.08) 0.72 (0.07) 0.72 (0.07) 0.72 (0.07)

 Proportion of Education ≥ High School, mean (SD)a 0.86 (0.06) 0.86 (0.06) 0.87 (0.06) 0.87 (0.06)

 Per Capita Income (in $1000), mean (SD)a* 49.18 (17.75) 50.58 (18.03) 49.34 (18.03) 49.60 (16.77)

 Proportion of No  Insurancea* 0.11 (0.05) 0.11 (0.05) 0.11 (0.05) 0.11 (0.05)

Enabling Factors
 Metropolitan Statistical  Areaa* 139,623 82.27 644,476 82.98 126,871 81.41 381,649 81.63

 Health Professional Shortage  Areaa 155,390 91.56 712,252 91.71 142,052 91.15 426,653 91.25

 Census  Regionsa*

  Northeast 39,502 23.28 183,280 23.60 35,233 22.61 106,521 22.78

  Midwest 38,903 22.92 149,457 19.24 34,996 22.45 103,366 22.11

  South 67,118 39.55 317,480 40.88 62,874 40.34 189,426 40.51

  West 24,182 14.25 126,453 16.28 22,747 14.60 68,237 14.59

Need Factor
 Risk Adjustment Summary Score, mean (SD)* 2.48 (1.69) 2.73 (1.52) 2.59 (1.70) 2.59 (1.43)
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the average CMR completion rate for Medicare Advan-
tage plans increased from 77% in 2020 to 81% in 2021, 
while the average CMR completion rate for stand-alone 
Part D plans increased from 44% in 2020 to 49% in 2021 
[37]. The finding of this study further supports the need 
to continue increasing CMR completion rates.

Racial/ethnic disparities among patients with AD are 
apparent and prevalent. For example, Hispanics and 
Blacks have an increased risk for AD development, and 
both minority groups have remained underrepresented 
in research [1, 38]. Although this study found racial/eth-
nic disparity reduction between Hispanics and Whites, 
this study did not detect significant effects of CMRs on 
disparities between Blacks and Whites. A few explana-
tions are plausible for such a pattern. One possible reason 
may be that this study failed to account for the severity 
of AD. Previous studies have found that the Blacks are at 
higher risk for more severe AD symptoms, more likely to 
have the apolipoprotein E isoform associated with AD 
development, and more likely to have dementia caused 
by mixed pathology [39, 40]. Blacks may have reduced 
memory function due to more progressed AD and may 
require more intense interventions before experiencing 
improved medication adherence than a standard CMR.

Another plausible reason that disparity reduction 
was not detected between Blacks and Whites may lie in 
the fact that the medications measured for nonadher-
ence in this study, statins, are not the only medications 
used for hyperlipidemia treatment. While statins are the 
mainstay of hyperlipidemia treatment, there are alterna-
tive medication options, such as ezetimibe and PCSK9 
inhibitors, for those who cannot tolerate statins [41]. It 
has been shown that the Blacks have decreased statin 
usage and statin adherence rates compared to Whites, 
likely because of an overall decreased perception of sta-
tin safety among the Black population [42]. Therefore, 
this may have obstructed the disparity reduction between 
Blacks and Whites in this study.

Furthermore, Hispanics may more readily accept pro-
vider advice compared to other races/ethnicities [43]. 
For instance, Hispanics have decreased hospitalization 
and emergency department visitations after diagnosis 
of AD-related dementia compared to prior to diagnosis 
[43]. This may indicate that Hispanics are more proac-
tive in using their newfound health knowledge to prevent 
further complications. Therefore, in the context of this 
study, Hispanics may be more attentive to the medication 
adherence advice given by the CMR providers than other 
minority races/ethnicities.

Fig. 1 Nonadherence to statin medications across racial/ethnic groups among recipients and non‑recipients of comprehensive medication review
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The study findings also revealed that some community-
level factors, such as living in a county with a higher pro-
portion of uninsured population and living in the South, 
were associated with medication nonadherence. It has 
been documented that uninsured adults, compared to 
those insured, have fewer healthcare encounters and are 
less often treated for hyperlipidemia [44]. The South-
ern region, compared to other regions, has been dem-
onstrated to have worse statin adherence among the 
Medicare population [45]. Further, individuals with no 
insurance and those that live in the South have higher 
disease burden and are frequently racial/ethnic minori-
ties [44, 46]. Therefore, living in a community with a high 
proportion of uninsured individuals and living in the 
South may represent barriers to medication adherence 
and contribute to worse racial/ethnic health disparities. 
Efforts to improve medication adherence should include 
targeting such underserved populations and areas.

The study finding should be considered with a few 
caveats. First, there is limited information on individual-
level characteristics in the Medicare data. Consequently, 
significant number of variables in this study represent 
community characteristics at the county level, which 
may imprecisely represent characteristics of individual 
Medicare beneficiaries. Secondly, races/ethnicities other 
than Blacks and Whites are under-identified in Medi-
care enrollment data [47]. Thus, potential racial/ethnic 
disparities other than between Blacks and Whites may 
be underestimated in this study. Another limitation is 
that some patients may be included in the study sample 
for more than one year. As a result, there might be cor-
relations between the outcomes for the same individuals 
over time. However, robust standard errors were applied 
in this study to control for these potential correlations. 
Additionally, the clinical reasons for individuals being 
prescribed a statin or taking different statin doses were 

Table 2 Racial/ethnic disparities in nonadherence to statin medications among study groups

Reference groups for categorical variables: Non-Hispanic Whites, female, year 2015, non-Metropolitan Statistical Area, non-Health Professional Shortage Area, and 
Northeast region. Robust standard errors clustered at county level

Abbreviation: CMR Comprehensive Medication Review
a Community-level factors

CMR recipients
n = 155,850

CMR non-recipients
n = 467,550

Odds Ratio 95% Confidence 
Interval

Odds Ratio 95% 
Confidence 
Interval

Predisposing Factors
 Race/Ethnicity

  Blacks 1.29 1.23 – 1.36 1.24 1.21 – 1.28

  Hispanics 1.21 1.12 – 1.31 1.28 1.21 – 1.35

  Asians/Pacific Islanders 1.00 0.90 – 1.12 1.03 0.90 – 1.16

  Others 1.00 0.86 – 1.17 1.11 1.01 – 1.22

 Age 1.00 1.00 – 1.00 1.00 1.00 – 1.00

 Male 0.87 0.84 – 0.90 0.90 0.89 – 0.91

 Proportion of Married‑Couple  Familiesa 0.74 0.56 – 0.98 0.68 0.55 – 0.84

 Proportion of Education ≥ High  Schoola 1.57 0.91 – 2.72 1.22 0.82 – 1.83

 Per Capita Income (in $1000)a 1.00 1.00 – 1.00 1.00 1.00 – 1.00

 Proportion of No  Insurancea 2.24 1.34 – 3.75 3.39 2.46 – 4.66

 Year 2016 1.01 0.97 – 1.04 0.93 0.91 – 0.95

 Year 2017 0.82 0.79 – 0.85 0.79 0.77 – 0.81

Enabling Factors
 Metropolitan Statistical  Areaa 0.98 0.94 – 1.03 1.05 1.02 – 1.08

 Health Professional Shortage  Areaa 1.02 0.96 – 1.07 1.01 0.97 – 1.05

 Census  Regionsa

  Midwest 1.00 0.95 – 1.06 1.02 0.98 – 1.08

  South 1.12 1.06 – 1.19 1.15 1.11 – 1.20

  West 0.96 0.88 – 1.06 1.02 0.94 – 1.10

Need Factor
 Risk Adjustment Summary Score 1.19 1.18 – 1.20 1.21 1.20 – 1.22
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not explored. Lastly, the outcome measure of nonad-
herence was based on PDC. Although this is a validated 
measure used in research and adopted by CMS for Star 
Ratings, this measure was based on records of prescrip-
tion fills but not prescription intake. Even with these 
limitations, the study made significant contribution by 
examining the effect of CMRs on racial/ethnic disparities 
among the AD population.

Conclusions
CMRs were found to be associated with reduced dispari-
ties in statin medication nonadherence between Hispanic 
Medicare beneficiaries with AD and their Whites coun-
terparts. This study has enhanced the existing knowl-
edge about the benefits of CMRs, specifically among the 

AD population. Utilizing CMRs to improve medication 
adherence among the study population offers a potential 
solution for racial/ethnic disparities among patients with 
AD. Therefore, there is a need to increase the number 
of MTM programs that target AD and to improve CMR 
completion rates among Medicare beneficiaries. Such 
strategies can expand the population benefiting from 
CMRs and further reduce racial/ethnic disparities. Future 
research is warranted to explore the effects of CMRs and 
other MTM services on racial/ethnic disparities in other 
chronic conditions and with other outcome measures.

Abbreviations
AD: Alzheimer’s disease; AHRF: Area Health Resources Files; Asians: Asians/
Pacific Islanders; CMR: Comprehensive medication review; CI: Confi‑
dence interval; CMS: Centers for Medicare and Medicaid Services; DID: 

Table 3 Effects of comprehensive medication review on racial/ethnic disparities in nonadherence to statin medications

Reference groups for categorical variables: Non-Hispanic Whites, CMR non-recipients, female, year 2015, non-Metropolitan Statistical Area, non-Health Professional 
Shortage Area, and Northeast region

Abbreviation: CMR Comprehensive Medication Review
a Community-level factors

Coefficient 
Estimate

Standard Error Odds Ratio 95% Confidence 
Interval

P value

Predisposing Factors
 Race/Ethnicity

  Blacks 0.22 0.02 1.25 1.21–1.29 < 0.0001

  Hispanics 0.26 0.03 1.29 1.23–1.36 < 0.0001

  Asians/Pacific Islanders 0.03 0.07 1.03 0.91–1.18 0.63

  Others 0.10 0.05 1.11 1.01–1.22 0.03

 CMR receipt −0.49 0.01 0.61 0.60–0.63 < 0.0001

 CMR × Blacks 0.01 0.02 1.01 0.97–1.06 0.58

 CMR × Hispanics −0.11 0.03 0.89 0.85–0.94 < 0.0001

 CMR × Asians/Pacific Islanders −0.06 0.05 0.94 0.85–1.05 0.27

 CMR × Others −0.11 0.07 0.89 0.77–1.03 0.12

 Age −0.002 0.0006 1.00 1.00–1.00 0.0001

 Male −0.11 0.01 0.89 0.88–0.91 < 0.0001

 Proportion of Married‑Couple  Familiesa −0.37 0.10 0.69 0.57–0.83 < 0.0001

 Proportion of Education ≥ High  Schoola 0.25 0.20 1.28 0.87–1.90 0.21

 Per Capita Income (in $1000)a < 0.0001 0.0004 1.00 1.00–1.00 0.93

 Proportion of No  Insurancea 1.13 0.15 3.11 2.33–4.15 < 0.0001

 Year 2016 −0.06 0.01 0.94 0.93–0.96 < 0.0001

 Year 2017 −0.23 0.01 0.80 0.78–0.81 < 0.0001

Enabling Factors
 Metropolitan Statistical  Areaa 0.04 0.01 1.04 1.01–1.07 0.01

 Health Professional Shortage  Areaa 0.01 0.02 1.01 0.98–1.04 0.55

 Census  Regionsa

  Midwest 0.02 0.02 1.02 0.98–1.07 0.38

  South 0.14 0.02 1.15 1.11–1.19 < 0.0001

  West 0.01 0.04 1.01 0.94–1.09 0.81

Need Factor
 Risk Adjustment Summary Score 0.19 0.004 1.21 1.20–1.21 < 0.0001
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Difference‑in‑Differences; HPSA: Health professional shortage area; ICD‑9: 
International Classification of Diseases version 9; ICD‑10: International Clas‑
sification of Diseases version 10; MBSF: Master Beneficiary Summary File; MSA: 
Metropolitan statistical area; MTM: Medication therapy management; OR: 
Odds ratio; PDC: Proportion of days covered; PDE: Part D Event; PQA: Pharmacy 
Quality Alliance; Whites: Non‑Hispanic Whites.
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