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Summary

1.	 Non-adherence to medications for diabetes, high blood pressure, and high cholesterol is 
common and associated with worse chronic disease control, increased disease-related 
complications, and higher healthcare costs.

2.	 Primary care practitioner (PCP) use of Clover Assistant is correlated with (1) increased 
medication fills for medications to which the patient was previously non-adherent and 
(2) higher performance on medication adherence quality measures in the Medicare 
Advantage Stars program.

Background
Adherence to prescribed medications for diabetes, high blood pressure, and high cholesterol 
is important for chronic condition management, patient outcomes, and healthcare costs. 
Data has unsurprisingly shown that higher levels of adherence to medications for diabetes, 
high blood pressure, and high cholesterol result in lower blood sugar, blood pressure, and 
cholesterol, respectively. Research has also shown that higher adherence to medications for 
these conditions can reduce disease-related complications such as hospitalization for heart 
attacks and death. When medication adherence is high, total healthcare costs can be lower 
even after accounting for the additional expenses of prescription drugs. 

Yet patients’ adherence to prescribed medications is often suboptimal and has therefore 
become a focus of Medicare quality measures. Data suggests that more than 50 percent 
of patients may not regularly take their medications as prescribed. Non-adherence rates 
may be particularly high for long-lasting conditions like hypertension that may not have 
overt symptoms. Many patients may not take prescribed medications in the first place, and 
adherence often wanes over time even where medications are appropriately started. As a 
result of these findings and the importance of medication adherence to health outcomes and 
costs, the Centers for Medicare & Medicaid Services (CMS) has included adherence rates to 
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medications for diabetes, high blood pressure, and high cholesterol as triple-weighted quality 
measures in its Medicare Advantage Star Ratings program. Medication adherence rates for 
these conditions also indirectly impact other quality measures included in the Medicare 
Advantage Star Ratings program such as those related to control of blood sugar and blood 
pressure. 

Improvement in adherence to prescribed medications is a focus area for Clover Assistant, 
a scalable technology platform that ingests large amounts of clinical data from disparate 
sources and surfaces key insights during patient visits to improve care and outcomes. 
Primary care practitioners (PCPs) and other clinicians are often unaware if patients pick 
up prescribed medications from the pharmacy. Patients often do not discuss their non-
adherence to medications with their physicians. Even when partially adherent to medications, 
patients are likely to overestimate their adherence rates. To create additional transparency 
around patients’ behaviors related to medication adherence, the Clover Assistant uses 
medication fills data from pharmacies to notify PCPs when patients have not picked up 
a prescribed medication. With this knowledge, PCPs are able to identify and address 
common reasons for non-adherence including fear of side effects, lack of understanding of 
medications’ benefits, and concern about medications’ costs.

This analysis examines if the use of Clover Assistant is associated with increased fills for 
prescribed medications among patients non-adherent to medications for diabetes, high 
blood pressure, and high cholesterol. Specifically, we investigate if Clover Assistant use is 
associated with (1) higher rates of medication fills after notifying PCPs that a prescribed 
medication has not been picked up from the pharmacy and (2) higher performance on 
medication adherence quality measures used in the Medicare Advantage Star Ratings 
program.

Methods
Clover Assistant medication adherence notification description
In April 2023, the Clover Assistant started notifying PCPs of patients’ non-adherence to 
prescribed medications during primary care visits. Specifically, the platform identified 
instances where patients had not picked up a prescribed medication for diabetes, high 
blood pressure, or high cholesterol from the pharmacy after the last fill period ended despite 
having one or more remaining refills. The missed refill was flagged if (1) the PCP using Clover 
Assistant was the prescriber of the medication and (2) the time between the end of the 
last fill period and the Clover Assistant visit was between 4 and 30 days. Clover Assistant 
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intentionally did not notify PCPs of missed refills less than 4 days after the last fill period 
ended to give patients up to 3 days to refill their prescription. Additionally, Clover Assistant 
did not notify PCPs of missed refills more than 30 days after the last fill period ended since 
medications unfilled for extended time periods are more likely to have been intentionally 
stopped. A picture of the feature is shown in Figure 1.

Study population
Analyses examined data from Clover Health Medicare Advantage plan members from 2018, 
2019, 2022, and 2023. We intentionally excluded data from 2020 and 2021 to minimize 
the impact of the COVID-19 pandemic’s disruption of the healthcare system, including 
medication-related behaviors.

We identified the sample of health plan members who were taking medications to treat 
diabetes, high blood pressure, and high cholesterol. Since Clover Health is a Medicare 
Advantage Prescription Drug (MAPD) plan, it pays for medications that treat these and 
other conditions and has a record of associated pharmacy prescription fills. The list of 
specific medications was defined using Pharmacy Quality Alliance (PQA) medication tables 
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associated with CMS medication adherence measures for diabetes, high blood pressure, 
and high cholesterol. This value set includes but is not limited to (1) diabetic medications 
including biguanides like metformin, sulfonylureas, DPP-4 inhibitors, GLP-1 receptor agonists, 
and SGLT2 inhibitors; (2) high blood pressure-reducing medications including angiotensin-
converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs); and (3) 
cholesterol-reducing medications including statins. 

We considered members adherent to medications if the number of days since their last fill of 
a medication was less than the number of days of pills from that fill – most medications have 
30 or 90-day fill periods. Conversely, we considered members non-adherent to medications 
if the time between the end of the last fill period and the Clover Assistant visit was between 
4 and 30 days. As noted above, Clover Assistant gives a three-day “grace period” to patients 
after the last fill period elapses to refill their prescriptions. Additionally, Clover Assistant does 
not flag missed refills more than 30 days after the last fill period ends since medications 
unfilled for extended time periods are more likely to have been intentionally stopped by a 
physician.

Using these definitions, we identified health plan members who were non-adherent between 
4 and 30 days after their last medication fill for diabetes, high blood pressure, and high 
cholesterol and who also had a visit with their PCP prescriber of these medications during 
this time period. From these members, we identified 3 cohorts for analytic purposes: 

(1) Members having a visit where Clover Assistant notified the PCP of the medication non-
adherence during the visit (i.e. the period after the April 2023 launch of the notification 
feature); 

(2) Members having a visit where Clover Assistant did not notify the PCP of the medication 
non-adherence during the visit (i.e. the period prior to the April 2023 launch of the 
notification feature); 

(3) Members having a visit with a PCP not using Clover Assistant during the visit but who 
subsequently started using Clover Assistant at a later date. 

Statistical analysis
For each cohort, we calculated the fraction of lapsed medications that were filled on the 
day of the PCP visit (day 0) and in each of the 90 days following the visit. A medication was 
considered ‘filled’ if any medication from the appropriate PQA list for that condition had been 
picked up on that day. This definition is consistent with the PQA approach for calculating 
medication adherence rates. 
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With this information, we used t-tests to calculate differences in fill rates between (1) 
members having a visit where Clover Assistant notified the PCP of the non-adherence 
compared with members having a visit where Clover Assistant did not notify the PCP of the 
non-adherence and (2) members having a visit where Clover Assistant notified the PCP of 
the non-adherence compared with members having a visit where Clover Assistant was not 
used but would be subsequently used by that PCP at a later date. 

We also modeled the impact of Clover Assistant on performance in medication adherence 
quality measures used in the Medicare Advantage Star Ratings program. These measures 
calculate the “proportion of days covered” (PDC) as the standard metric to evaluate 
medication adherence. The PDC is the preferred measurement approach for medication 
adherence per the Pharmacy Quality Alliance and is calculated as the proportion of days in 
an eligibility period “covered” by prescription claims for the same medication or another in its 
therapeutic category.

Since our follow-up period is 90 days rather than the full calendar year period over 
which CMS evaluates Medicare Advantage contract-level medication adherence results, 
we estimated the contribution of Clover Assistant to the PDC of affected members by 
calculating (a) the average number of days earlier that a prescription was refilled with the 
Clover Assistant non-adherence notification; (b) the average number of times an affected 
member was eligible for the Clover Assistant non-adherence notification during a year; and 
(c) the average time a member spends in a medication adherence measure denominator 
during a calendar year. The percentage change in PDC was calculated using these inputs as 
(a*b)/c. 

Sensitivity/systematics analyses
To ensure the robustness of our findings, we performed additional “sensitivity” or 
“systematics” analyses. Firstly, we recalculated all findings for member visits with PCPs 
not using Clover Assistant but who eventually started using Clover Assistant at a later 
date. This approach allowed us to calculate results for the time period before and the time 
period after a practitioner started using Clover Assistant. In this way, we addressed the 
potential risk of bias from differences between practitioners who do and do not use Clover 
Assistant. Secondly, we recalculated results separately for each chronic condition (diabetes, 
high blood pressure, and high cholesterol) to ensure that any potentially favorable impact 
associated with Clover Assistant use was not restricted to just one or two conditions. Thirdly, 
we recalculated results using only 2023 data to minimize any biases resulting from timing 
differences between cohorts.

https://www.pqaalliance.org/adherence-measures#:~:text=Proportion%20of%20Days%20Covered%20(PDC,to%20important%20chronic%20drug%20therapies.
https://www.pqaalliance.org/adherence-measures#:~:text=Proportion%20of%20Days%20Covered%20(PDC,to%20important%20chronic%20drug%20therapies.
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Results
We identified 98,629 health plan members who had pharmacy fills for one or more 
medications used to treat diabetes, high blood pressure, or high cholesterol in 2018, 2019, 
2022, or 2023. Using the definitions of medication non-adherence described above, we 
identified the subset of 11,270 health plan members who had not refilled their medication 
between 4 and 30 days after their last medication fill elapsed and who also had a visit with 
their PCP prescriber of these medications during this time period. As noted above, these 
PCP prescribers either used Clover Assistant during the visit or used Clover Assistant at a 
later date with one or more Clover Health plan members. Of these 11,270 members, 1,488 had 
a visit where Clover Assistant notified the PCP of the medication non-adherence during the 
visit, 6,130 had a visit where Clover Assistant did not notify the PCP of the medication non-
adherence during the visit, and 5,349 had a visit where Clover Assistant was not used but 
would eventually be used by the prescribing PCP. 

Medication fills
Figure 2 shows the proportion of lapsed medications that were filled on the day of the PCP 
visit (day 0) and in each of the 90 days following the visit for each of these 3 cohorts.  

6
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Fill rates were significantly higher where Closer Assistant surfaced evidence of patient non-
adherence to medications. For example, fill rates on the day of the visit (day 0) were 45.8% 
with the Clover Assistant notification and 41.0% without the Clover Assistant notification 
(p<0.0001 for difference). Similarly, respective fill rates on day 10 (63.1% and 58.6%, p<0.0001 
for difference), day 30 (73.4% and 71.2%, p<0.02 for difference), and day 90 (86.4% and 83.8%, 
p<0.005 for difference; ) after the visit were higher where Clover Assistant notified the PCP of 
patients’ non-adherence to medications.

Figure 2 also shows that fill rates were higher in visits with the Clover Assistant non-
adherence notification compared to visits from the same PCPs prior to their use of Clover 
Assistant. For example, fill rates on the day of the visit (day 0) were 45.8% with the Clover 
Assistant notification and 36.2% prior to the PCPs’ use of Clover Assistant (p<0.0001 for 
difference). Similarly, respective fill rates on day 10 (63.1% and 57.7%, p<0.0001 for difference), 
day 30 (73.4% and 70.8%, p<0.02 for difference), and day 90 (86.4% and 83.6%, p<0.005 for 
difference) after the visit were higher where Clover Assistant notified PCPs of patients’ non-
adherence to medications, even when restricting results to the same cohort of practitioners. 
Results are summarized in Table 1.

In additional sensitivity/systematics analyses, we identified higher prescription fill rates with 
the Clover Assistant non-adherence notification for each medication category. For example, 
fill rates for diabetes medications on the day of the visit (day 0) were 46.8% with the Clover 
Assistant notification and 39.1% without the Clover Assistant notification (p<0.002 for 
difference). Fill rates for high blood pressure medications on the day of the visit were 53.8% 
with the Clover Assistant notification and 45.3% without the Clover Assistant notification 
(p<0.001 for difference). Fill rates for high cholesterol medications on the day of the visit 
were 41.7% with the Clover Assistant notification and 38.0% without the Clover Assistant 
notification (p<0.05 for difference). 
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We also identified a higher rate of fills with the Clover Assistant non-adherence notification 
when restricting data to just 2023. For example, fill rates for medications on the day of the 
visit were 45.8% with the Clover Assistant notification and 41.2% without the Clover Assistant 
notification (p<0.001 for difference).

Medicare quality measures
Health plan members having a Clover Assistant visit with the non-adherence notification 
refilled their prescription an average of 3.1 days earlier compared with Clover Assistant visits 
without the non-adherence notification (21.5 days vs 24.6 days, respectively; p<0.0001). We 
found that affected members were eligible for the medication adherence notification 1.3 
times per year on average and that the average time a Clover Health plan member spends in 
a medication adherence measure denominator during a calendar year using the Pharmacy 
Quality Alliance PDC calculation is 294 days. With these inputs, the expected yearly PDC 
impact of the medication non-adherence notification in affected health plan members is 
1.4%. Per 2024 CMS star rating technical notes, the average distance between medication 
adherence star measure cut points is 3.1%.  

Discussion
The use of Clover Assistant is associated with increased fills for prescribed medications 
among patients previously non-adherent to their medications for diabetes, high blood 
pressure, and high cholesterol. Medication fills increased by 4.8% on the day of the Clover 
Assistant visit and remained 2.6% higher 90 days after the visit, suggesting a durable impact. 
This increased rate of medication fills from this notification feature would be expected to lead 
to a significant 1.4% increase in the percent of days covered (PDC) metric on an annualized 
basis, the preferred medication adherence measure used by CMS in the Medicare Advantage 
Star Ratings program. 

Our results demonstrate the value of making patients’ medication-related behaviors more 
transparent to clinicians. PCPs generally do not know if their patients fill and refill their 
prescription medications on a timely basis. While many practitioners ask patients to bring 
all of their medications to outpatient visits for comprehensive medication reviews, many 
times this does not happen. Even when medications are brought in for review, the manual 
process of comparing the list of intended medications documented in the electronic health 
record (EHR) with the actual medications brought into the office may fail to identify absent or 
unfilled prescriptions. Patients moreover may be unwilling to communicate their medication 
non-adherence to their doctors. 
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Clover Assistant’s potential to improve medication adherence is particularly significant 
in light of recent changes to the Medicare Advantage Star Ratings program that have 
resulted in lower average star ratings in Medicare Advantage contracts. In 2023, CMS 
made a number of major methodological changes in how star ratings are calculated. As a 
result of these changes, the number of higher-performing plans declined substantially for 
the second straight year. These lower star rating scores result in reduced quality-related 
payments, which lowers available resources to invest in additional member benefits and care 
coordination activities to improve health outcomes. 

Moving forward, Clover Assistant is capable of driving further impact on medication 
adherence through the implementation of additional related features. For example, the 
platform can surface patients’ non-adherence to medications for a long list of conditions 
beyond diabetes, high blood pressure, and high cholesterol for which regular medication use 
is especially important, such as HIV and severe mental illness. Non-adherence notifications 
may also be accompanied by lists of other therapeutically equivalent medications that 
are less expensive and therefore less likely to cause cost concerns for patients. Clinicians 
are rarely aware of medications’ costs and opportunities to prescribe comparable and 
less expensive medications. The Clover Assistant platform is also capable of surfacing 
instances of patient non-adherence to prescribed medications between visits to PCPs and 
population health teams accountable for engaging patients to support care coordination and 
management goals. 

To date, the use of Clover Assistant has been shown to be strongly correlated with early 
diagnosis and treatment of serious health conditions. The above analysis demonstrates 
the platform’s additional potential to improve medication adherence, a critical component 
of chronic disease management. As medication adherence becomes an increasing focus of 
quality improvement to improve health outcomes and lower medical expenses, platforms that 
provide transparency into patients’ medication-related behaviors in a timely way will be able 
to generate an outsized impact. 
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