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Abstract

:

The objective of this study was to determine the strengths and limitations of using structured electronic health records (EHR) to identify and manage cardiometabolic (CM) health gaps. We used medication adherence measures derived from dispense data to attribute related therapeutic care gaps (i.e., no action to close health gaps) to patient- (i.e., failure to retrieve medication or low adherence) or clinician-related (i.e., failure to initiate/titrate medication) behavior. We illustrated how such data can be used to manage health and care gaps for blood pressure (BP), low-density lipoprotein cholesterol (LDL-C), and HbA1c for 240,582 Sutter Health primary care patients. Prevalence of health gaps was 44% for patients with hypertension, 33% with hyperlipidemia, and 57% with diabetes. Failure to retrieve medication was common; this patient-related care gap was highly associated with health gaps (odds ratios (OR): 1.23–1.76). Clinician-related therapeutic care gaps were common (16% for hypertension, and 40% and 27% for hyperlipidemia and diabetes, respectively), and strongly related to health gaps for hyperlipidemia (OR = 5.8; 95% CI: 5.6–6.0) and diabetes (OR = 5.7; 95% CI: 5.4–6.0). Additionally, a substantial minority of care gaps (9% to 21%) were uncertain, meaning we lacked evidence to attribute the gap to either patients or clinicians, hindering efforts to close the gaps.
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1. Introduction


Cardiometabolic (CM) health is a dominant focus of secondary prevention management in primary care [1,2] The persistence of elevated CM clinical measures (e.g., elevated blood pressure, HbA1c, or low-density lipoprotein cholesterol (LDL-C)), denoted as health gaps, and related risk mediators substantially increase the risk of preventable morbidity and mortality [3,4,5,6,7]. Typically, a health gap is defined as a clinical parameter that is outside of the optimal range as defined by clinical practice guidelines (CPG). Separately, care gaps are defined as present if an action is not taken to close the health gap. Care gaps can span a range of issues. This study focused on therapeutic care gaps that are related to medication orders and adherence (referred to herein as “care gaps”). Physicians and patients can each contribute to the existence of therapeutic care gaps [8,9], e.g., when a clinician or care team member fails to prescribe CPG-recommended treatments (e.g., lab order or medication prescription) to close a health gap, or when a patient is prescribed but does not retrieve a medication intended to close a health gap. Relatively little is known about the extent to which health gaps are attributed to patient- or to provider-related care gaps.



Structured electronic health record (EHR) data are particularly well-suited to identify CM health gaps for control of blood pressure (BP), lipids, and hemoglobin A1c and can be used to facilitate individual- and population-level care. Automated algorithms can be used to extract clinical practice guideline-based outcomes, whether a patient has a health gap, and possible causes of the health gap(s) [10].



Surveillance without more specific actions to close CM health gaps does not necessarily translate to better health outcomes [11,12]. The ability to close health gaps is mediated, in part, by clinical-level (e.g., knowledge, communication, familiarity of guidelines) and patient-level factors (e.g., environment, health behaviors, genetics, etc.). However, the interactions that can occur among these factors can make it difficult to decide if an action is required for the patient, the physician, or both, which can result in delayed medication intensification or persistent clinical inertia and health gaps [13,14,15,16]. EHR structured data may often be sufficient to know if an intervention is needed but may also be lacking sufficient information to reveal what specific actions could be taken to improve patient-level outcomes. As medication dispense data are now more readily available in EHRs, it is possible to track if a patient retrieved their medication and to derive a medication adherence measure. However, little is known about the extent to which medication adherence data and use of other structured data can help to improve patient outcomes.



The objective of this study was to determine the extent to which structured EHR data can be used to readily identify health and therapeutic care gaps for CM patients. In particular, we selected medication adherence as a disease modifier to help understand if structured EHR data can provide insight into whether the underlying care gap is attributable to the physician or to the patient, as this attribution provides a basis for acting to close the gap.




2. Materials and Methods


2.1. Study Design and Population


In this retrospective analysis, a 2-year look-back period (i.e., 1 October 2013–30 September 2015) was used to define eligibility as a primary care patient. A subsequent 2-year period (1 October 2015–30 September 2017), denoted as the “Health Gap and Therapeutic Care Gap Assessment Period”, was used to identify health gaps and medication adherence status. Care gaps were assessed using structured data (e.g., diagnosis, medication order, laboratory results, etc.) in the 6-month period following identification of a health gap (Figure 1).



The study was conducted at Sutter Health, a large not-for-profit health system in Northern California comprising 24 hospitals, 272 outpatient primary care practices, and approximately 1656 primary care physicians (PCPs), excluding pediatricians. We confined analyses to patients who had a Sutter primary care provider (PCP) and met the following eligibility criteria: (1) During a two-year look-back period (i.e., 1 October 2013–30 September 2015) they (i) had at least two clinical encounters with a Sutter PCP and (ii) met diagnostic criteria for hypertension, hyperlipidemia, or diabetes (details in Appendix A File 1). (2) During the health gap and care gap assessment period (i.e., 1 October 2015–30 September 2017) patients had (i) at least one CM-related clinical measure and one clinical encounter with a Sutter provider following the identification of a health gap or, for those without a health gap, following the date of the first biometric measure result in the EHR (i.e., the index date for those who had no health gap) and (ii) did not die in the 6-month post-period following the identification of a health gap. Figure 2 illustrated how the patients met eligibility criteria.




2.2. Data Sources


Only structured EHR data fields were used in this study and included the following: (1) encounter date and type; (2) ICD codes for encounter diagnoses, laboratory, or procedure orders; (3) clinical and laboratory measures relevant to CM disease risk factors, including body mass index (BMI), BP, lipids (i.e., low-density lipoprotein cholesterol (LDL-C), triglycerides, etc.), fasting blood glucose, HbA1c, and estimated glomerular filtration rate (eGFR) that may be modifiable or have a bearing on risk management; (4) patient sex, age, and race; and (5) medication dispense data provided by Surescripts. Dispense data were from 24,000 participating pharmacies providing coverage on more that 80% of medications dispensed for the Sutter Health primary care population. On a nightly basis, historic medication dispense data were retrieved from participating pharmacies for all patients with a scheduled encounter with a Sutter Health physician on the following day.




2.3. Study Outcomes: Health and Care Gaps


The primary outcomes for the study were health and care gaps. In order to identify the health gaps for hypertension, dyslipidemia, and diabetes, we began by translating corresponding clinical guidelines [17] into operational criteria that can be applied to structured EHR data.



The operational criteria were developed for health gaps as follows: a health gap exists when a clinical measure is at or above the specific threshold (e.g., systolic blood pressure [SBP] ≥ 140 mmHg) as defined by CPG criteria, which were active during the study period (see Table 1) [18]. Two sequential elevated BP measures obtained during encounters on separate days were used to define a BP health gap, consistent with American College of Cardiology (ACC)/American Heart Association (AHA) guidelines. One elevated measure was used to define an HbA1c (A1c ≥ 7) or LDL-C health gap (LDL ≥ 190, coronary heart disease (CHD) risk > 20%) [19,20]. While there may be nuances in these thresholds dependent on various personalized patient factors, for the purposes of algorithm development, the cutoffs for gap identification were simplified and standardized based on the active clinical guidelines during the study period.



The first encounter where a qualifying health gap was identified in the “Health Gap and Therapeutic Care Gap Assessment Period” was denoted as the index date (Figure 1). If there was no health gap, the index date was defined as the first encounter when the qualified clinical measure(s) was obtained, or the first PCP encounter for those who did not have a qualified measure. As two instances of elevated BP were required to define a health gap, and the index date was defined by the date of the second elevated BP measure to simulate how the gap identification would be managed in clinical practice.



Among patients who had a health gap, we created operational criteria to identify the corresponding care gaps. Medication adherence is usually not specifically articulated in the guidelines; however, it is an important factor to drive clinical actions (e.g., education, prescription, monitoring). We incorporated medication adherence into clinical treatment guidelines to create the operational criteria for identification of care gaps (Table 1) validated by Sutter Health clinicians.



Medication adherence, measured using dispense data, was extracted from the Sutter EHR for the 12-month period preceding each office encounter to calculate the proportion of days covered (PDC) for a specific medication [21]. PDC was calculated as days covered by the filled prescription period divided by 365 days (i.e., 1 year) if the medication was prescribed for more than 1 year, or divided by the number of days between first prescription and index date. If there were no medication dispense data for a given medication order, the patient was defined as not retrieving the medication. If there were medication dispense data, then the medication adherence status of a given patient was categorically defined as PDC values of ≥80% (adherent) and <80% (non-adherent) [22].



A care gap was identified within the 6-month post-period following identification of a health gap, and was assessed both with and without adherence information, because not all healthcare systems have medication adherence available in the EHR. In the absence of medication adherence data, a care gap was defined as the absence of any EHR record of a medication order or a medication adjustment (e.g., increased dose, change or add medications) for any patient with a health gap. When medication adherence data were present, a care gap was defined as follows: (i) for adherent patients with a health gap, a care gap existed if there were no record of a medication adjustment (i.e., added or intensified medication) being made to close the health gap; (ii) for non-adherent patients with a health gap, a care gap existed if there were no record that a previously prescribed medication was re-ordered or that no new medication was ordered; and (iii) for patients with a health gap who did not retrieve their medication (no dispense data present in the EHR), a care gap existed if there was no evidence of a new order to restart the medication.




2.4. Statistical Analysis


Using structured EHR data, we estimated the following: (1) the prevalence of health gaps, (2) medication adherence for patients with a health gap, and (3) the proportion of patients with care gaps.



Summary statistics were calculated for patients who met eligibility criteria for the study, and for each CM condition that included demographics, BMI, and comorbidities (measured by Charlson Comorbidity Index, or CCI) [23], as well as the prevalence of a health gap for each biometric measure (Table 2).



Medication adherence level was categorized into three groups: (1) if medication was ordered and the patient retrieved the medication, then PDC was calculated as noted above, and we further stratified the patient into adherent (PDC ≥ 80%) or non-adherent (0 < PDC < 80%); (2) if medication was ordered and the patient did not retrieve the medication, then the patient was defined as non-adherent, but was denoted as medication not retrieved; and (3) if medication was not ordered by the clinician, the patient status was defined accordingly.



Further analyses were limited to patients with complete data (last row in Table 2, patients who had qualified lab measures and dispense data). Health gap status (yes/no) was the outcome. We assessed the extent to which health gaps are explained by a four-category adherence variable using logistic regression, reported by the odds ratio (OR) and 95% confidence interval (95% CI) (Table 3) among the population for whom dispense data were available. The regression modeling was completed, adjusting for the age at index date, sex, race (20 options categorized as African American, Asian, White, and other), ethnicity for Hispanic status yes, no, unknown), BMI (<25, 25–29.99, 30–34.99, 35+, unknown), smoking status (never, quit, smoking/passive, unknown), alcohol intake status (yes, no, unknown), CM disease severity defined by the number of CM conditions a patient had, and CCI.



We further tested whether the association between medication adherence and health gaps varied among race groups by adding an interaction term between race group and medication adherence. Subgroup analyses were conducted to estimate OR and 95% CI for medication adherence and each health gap for each race group. Results are summarized in Table A1.



Care gap analysis was limited to patients who had a health gap. The criteria described in Table 1 were used to identify therapeutic care gaps for each health gap. A classification of “uncertain” was assigned to a care gap when there was a lack of evidence in the structured EHR data to document a physician’s efforts to close a health gap. Descriptive statistics were calculated to estimate the prevalence of care gaps, stratified by the medication adherence level (Table 4). Summary statistics by patient care gap status (i.e., no care gap, care gap, uncertain) on demographics, CCI, smoking status, baseline biometric value, and medication adherence are summarized in Table A2, Table A3 and Table A4.



All analyses were performed using SAS Enterprise Guide 7.1 (Cary, NC, USA). The Sutter Health Institutional Review Board approved this study.





3. Results


A total of 252,181 eligible Sutter Health adult primary care patients aged 35+ years were identified (Table 2) with one or more diagnosed CM diseases (i.e., hypertension, hyperlipidemia, and diabetes).



Among the eligible primary care patients, 76% had hypertension, 75% had hyperlipidemia, and 23% had diabetes, and 17.8% had all three CM conditions. The prevalence of each CM condition varied by demographic features and health behaviors (Table 2).



Among all eligible patients, 95.4% (n = 240,582) had one or more CM clinical measure during the health gap follow-up period. Of these, 54.3% had at least one health gap. The prevalence of health gaps was 43.8% for hypertension, 57.2% for diabetes, and 33.5% for hyperlipidemia (Table 2). Among patients with qualified corresponding biometric measures, 81% had medication dispense data, varying from 75% to 85% by CM condition (Table 2).



Health gaps are highly associated with medication adherence status. Among patients who had a health gap, 26–37% were classified as adherent (i.e., ≥80% PDC) (Table 3). Compared to adherent patients, patients with a PDC < 80% (OR: 3.23, 95% CI: 2.50–4.39) were more likely to have a hyperlipidemia health gap, which was even more pronounced for those with no evidence of a medication order (OR: 5.80, 95% CI: 5.58–6.02) (Table 3). Similarly, the elevated risk of HbA1c health gap was observed for patients with PDC < 80% (OR: 1.15, 95% CI: 1.08–1.33) and more than five-fold higher risk for those with no evidence of a medication order (OR: 5.66, 95% CI: 5.35–5.99) (Table 3). The odds of having a BP health gap were slightly elevated for patients with a PDC < 80% but not statistically significant (OR: 0.97, 95% CI: 0.91–1.02). More generally, those who did not retrieve their medication and those with no medication order had elevated adjusted odds for a health gap for all three diagnosed diseases (Table 3).



The interaction term between medication adherence and race group was statistically significant for all three health gaps (p-values < 0.001). Subgroup analyses revealed that the level of the association (i.e., OR) between medication adherence and health gap varied among different race/ethnicity group, but the direction of the association (OR > 1 or OR < 1) remained the same across all racial groups (see Table A1).



Among patients with a health gap, 54.1%, 33.3%, and 64.6% also had a therapeutic care gap associated with managing BP, HbA1c, and LDL-C, respectively (Table 4). Within each medication adherence classification, the care gap status can be further grouped into yes, no, and uncertain (Table 4). For patients with a BP health gap, 31.5% patients were adherent to medication. Of those who were adherent to BP medications, therapeutic care gap status can be determined for 60% of patients (37.9% with therapeutic care gap and 22.1% without), and 40% where the care gap status was uncertain. Among patients who had an LDL health gap and were adherent to medication, 50.8% had a therapeutic care gap, 18.5% had no therapeutic care gap, and 30.8% were uncertain, which was similar for patients with an HbA1c health gap who were adherent to treatment (i.e., 47.8% with therapeutic care gap, 23.9% no therapeutic care gap, and 28.3% uncertain). However, therapeutic care gap status was uncertain for a significant portion of patients and especially among those with PDC < 80% who had hyperlipidemia (55.9%) and diabetes (70%) (Table 4). Among patients who did not retrieve a medication, 58.7%, 39.1%, and 15.6% had a therapeutic care gap identified for BP, LDL, and HbA1c management, respectively. Among patients with a health gap and no medication order, a care gap existed among 49.9% for HbA1c management and 82.1% for LDL management. Among those with no medication order, that is, no physician effort was observed to close a BP health gap, 100% of patients in this subgroup had a therapeutic care gap (Table 4) and the therapeutic care gap was attributed to a physician.



Among patients with hypertension, care gaps were more common for those with more CM conditions, those who were older (75+ years older), Black, had higher BMI, more comorbidities and did not retrieve their medications (Table A2). Among patients with dyslipidemia, care gaps were more common for those who were male, 55–64 years of age, Black, Hispanic, had a higher BMI, were smokers and had higher baseline LDL-C (Table A3). Among DM patients, care gaps were more common for males, <65 years old, and patients who did not retrieve medication (see Table A4).




4. Discussion


In this retrospective data analysis, the study team was able to identify all cardiometabolic health gaps and the majority of therapeutic care gaps using structured EHR data. Cardiometabolic therapeutic care gaps were common and varied significantly by patient medication adherence levels. The prevalence of therapeutic care gaps is distinctly different for patients who appear to not have retrieved medication versus patients who are adherent to their medication. Moreover, uncertainty in determining therapeutic care gap status varied by patient adherence level. For a significant minority of patients, the study results reveal that the use of structured EHR data alone is not sufficient to determine whether the patient, clinician, or both are responsible for a therapeutic care gap. In such instances, the reasons that a clinician did not initiate/titrate or modify medications may be documented in unstructured fields in the EHR. This suggests that progress notes and/or patient self-reported data may be useful in supporting physicians to efficiently and effectively manage care gaps, although exploring this possible solution was out-of-scope for this paper.



In the 6 months following identification of a health gap, this study found no evidence that medications were managed for more than half of patients with elevated blood pressure and LDL-C, and a third with an elevated HbA1c. This may be explained by a lack of recognition of a health gap by the physician, or by the physician’s perception of the efficacy of the medication, or by a lack of patient engagement in using the medication. The insufficient management by a physician is known as a physician care gap in this study, and the lack of patient use of the prescribed medication, known as a patient care gap, can be inferred by using EHR data to estimate patient treatment adherence. Though it is not possible to completely separate them, the actions to close a care gap are likely distinctly different when a patient appears to be non-adherent versus adherent; therefore, measuring adherence may shed light on challenges and strategies for managing therapeutic care gaps.



In the case of a medication not being ordered, the onus is most clearly on the physician and, therefore, the actions to close the care gap may be most straightforward and involve the least physician effort. For example, automated algorithms can be used to auto-pend orders for physician review when medications have not been ordered for a defined health gap. Non-adherence (i.e., medication not retrieved) can also be identified from structured EHR data and, once detected, the actions physicians can take are reordering the existing medications and/or educating patients on the importance of medications.



For patients with low adherence (PDC < 80%) the decision on appropriate actions to close a health gap is more nuanced. This study reveals that substantial uncertainty (55.9% to 70%) in care gaps status exists for low adherent patients with LDL and HbA1c health gaps. Further analysis shows that the uncertainty occurred mostly in patients with multiple therapeutic medications, where efforts to intensify medications are not straightforward to identify, in part because of definitional challenges, such as whether a care gap-closing action has been taken when at least one medication is changed to a different one but other medications remain the same. The lack of this level of detail in guidelines leads to physician’s individual judgement, which hinders standardization across different physicians and practices. Regardless of the attribution of the care gap, when low adherence is present, some automated or semi-automated actions may be possible, such as proactive outreach via tailored communications from the physician or an invitation to meet with a pharmacist, where such a resource exists.



Paradoxically, this study found that more physician work is required for adherent patients. For example, about 75% of diabetes patients with a persistent care gap were adherent to their prescribed medication, where it appears that the medication needs of the patient were not adequately managed. That is, there is no evidence in the patient’s EHR that the physician made an effort to determine if medication switching, titrating, or additions would mitigate the health gap.



In addition, we found that the prevalence of therapeutic care gaps varied by race/ethnicity groups. African American patients had a slightly higher prevalence of care gaps for hypertension and dyslipidemia, a finding consistent with prior studies on the initiation/intensification of medication [24,25,26]. Using EHR data to identify all patients with health gaps and creating targeted strategies to manage patients with different levels of medication adherence might reduce the disparity.



Physician lack of recognition, lack of follow-up, or simple time constraints [27] and administrative workload [28,29] may explain why a care gap persists. Medication management requires recognition of the health gap and then, in the moment, the need to review the patient record to understand what has been tried, a somewhat precise recall of relevant guideline knowledge, and a decision about the options that are logically worth discussing and testing. Structured and unstructured information may have to be reviewed from previous encounters. Then, the patient’s needs may have to be assessed to get to an optimal decision. The effort required to close the care gap may be more demanding than time will allow, especially if there are challenges related to patient engagement and self-management. Incomplete assessment of patient needs may simply be explained by how little time a physician has with a patient to understand needs and preferences [30,31,32,33,34,35]. As an alternative, pharmacists and other members of the care team could play a role in following up with patients to improve closure of care gaps [36,37].



Patient care gaps may persist because of patient-level factors that are directly under the patient’s control (e.g., low treatment adherence), or completely out of the patient’s control (e.g., lack of insurance coverage) [38,39]. In reality, the lack of a structured and efficient approach to document patient’s needs and indicators of medication adherence may result in a default attribution of medication care gaps to the clinician [26,40,41]. These problems in closing care gaps are not new. The need to support physicians to make rapid and reasonable decisions on what to do next and, in particular, what to discuss with the patient, can be met by assembling and displaying relevant clinical data and patient-reported data.



In summary, to improve EHR-facilitated patient health management, three essential components of information are necessary: efficient presentation of EHR structured data (e.g., potentially through visualization), information extracted from patient-reported data (e.g., physical activity, mental fitness, self-efficacy, insurance, etc.) or progress notes (i.e., patient–clinician communication regarding the treatment plan), and translation of clinical guidelines (i.e., with relevant contextual data and risk calculators to assess guideline applicability) to inform personalized recommendations. Clinical decision support tools that contain these three components might be a solution to improve quality of care by closing both health and care gaps [42,43,44,45].



There are several limitations to this study. First, the data used for the analysis came from a single health care system with a demographically diverse population. Second, the study did not consider other care gaps (e.g., screening, referral to dietician, diabetes educator, lifestyle consultant, etc.) for which the same challenges in actionable documentation exist. However, the described approach to using EHR data can be applied to other types of care gaps. Third, EHR data may be incomplete to fully decide if health gaps were resolved or care gaps were closed as the EHR may not capture whether patients received care or medication elsewhere. The missing data problem may be addressed, in part, as Epic’s Care Everywhere and similar EHR functions increase access to patient encounter data independent of the provider group. Fourth, this study did not use free-text data (i.e., progress notes) as the team were not resourced to extract and validate treatment plans, patient behavior, and the clinician’s justification using natural language processing (NLP). Nonetheless, unstructured data hold the promise of revealing specific actionable causes of care gaps.




5. Conclusions


Structured EHR data can identify health gaps and a majority of care gaps. Actions to close health gaps vary significantly at different medication adherence levels. Using structured EHR data to identify health gaps and measure medication adherence can be a first step in identifying factors attributable to care gaps and thereby help guide the direction for clinical action. Uncertainty about the clinical actions best suited to close health gaps can be minimized by three essential components: efficient presentation of EHR structured data, integration of patient-reported data or progress notes to indicate patient preferences, and translation of clinical guidelines to inform personalized recommendations.
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Appendix A


File 1: Operational criteria to identify patients with each cardio-metabolic condition using Electronic Health Record (EHR) data



Type II Diabetes:



Inclusion Criteria



We used the following ICD-9 diagnosis codes to identify patients with diabetes:








	
250.xx, primary diabetes (except for 250.x1 and 250.x3, which specify type I)



	
357.2, polyneuropathy in diabetes



	
362.0x, diabetic retinopathy



	
366.41, diabetic cataract








We used the following inclusion criteria to identify a patient as a diabetic.








	
≥2 diagnoses from inpatient or outpatient encounters on separate days, OR



	
≥1 diagnosis from an inpatient or outpatient encounter and ≥1 evidence of insulin, OR



	
≥1 diagnosis from an inpatient or outpatient encounter and ≥1 evidence of oral antihyperglycemic, OR



	
≥2 qualifying lab values on separate days, OR



	
≥1 qualifying lab value and ≥1 evidence of insulin, OR



	
≥1 qualifying lab value and ≥1 evidence of oral antihyperglycemic








Based on American Diabetes Association (ADA) guidelines, ref [46] qualifying lab values have been defined as:




	
Hemoglobin A1c ≥ 6.5%, OR



	
Oral Glucose Tolerance Test ≥ 200 mg/dL, OR



	
Random/Fasting Plasma Glucose in any setting ≥ 200 mg/dL, OR



	
Fasting Plasma Glucose in an inpatient ≥ 126 mg/dL








Exclusion Criteria



Patients were exluded if they had type I or gestational diabetes (below).



Type I diabetes:




	
Patients whose problem list or previous encounters specify Type 1 (250.x1, 250.x3) AND contain no ICD9 codes for type II diabetes (defined above), OR



	
All medication orders are for Insulin (no oral antidiabetic medication orders) AND contain no ICD9 codes for type II diabetes (defined above).








Gestational Diabetes



Patients whose problem list or previous encounters specify gestational diabetes (648.8x) AND contain no ICD9 codes for type II diabetes (defined above)



Hypertension



Inclusion Criteria:



We used the following ICD-9 diagnosis codes to identify patients with hypertension:




	
401.x



	
402.x



	
403.x



	
404.x



	
405.x








The proposed inclusion criteria for hypertensive patients do not use antihypertensive medications as a component to qualify patients because of the multiple uses of antihypertensive drugs which increases the risk of misclassifying patients as hypertensive (false positives). Thus, we have selected the following as inclusion criteria:




	
≥2 diagnoses from inpatient or outpatient encounters on separate days, OR



	
≥2 qualifying BP measurements on separate days,








The qualifying BP measurements were selected based on guideline recommendations from the Eighth Joint National Committee [47] on the management of high blood pressure in adults. The recommendation for a separate blood pressure criteria for diabetics comes from the American Diabetes Association [46].



Qualifying BP measurements:








	
BP ≥ 140/90 for any patient



	
BP ≥ 130/80 for diabetics








Although guidelines recommend a slightly higher threshold (150 systolic, 90 diastolic) for patients 60 years or older, our clinicians elected to keep the definition at 140/90 for all patients 18 years or older. Patients qualify as hypertensive if either their systolic OR diastolic blood pressure is above the indicated threshold.



Exclusion Criteria



We used the following as rules for excluding patients with white coat hypertension, prehypertension, elevated blood pressure, and transiently elevated blood pressure from acute medical condition [48].



	
Problem list specifies “white coat hypertension,” “prehypertension,” or “elevated blood pressure”



	
All ICD9s explicitly reference 796.2 (elevated BP reading without a diagnosis of hypertension)



	
Exclude BP measurements made in inpatient, emergency department, or ambulatory surgery center settings from contributing to a diagnosis.






Dyslipidemia



We used the following diagnosis codes to identify patients with dyslipidemia:




	
272.x








We used the following inclusion criteria to identify a patient as a dyslipidemic.








	
≥2 diagnoses from inpatient or outpatient encounters on separate days, OR



	
≥1 diagnosis from inpatient or outpatient encounters on separate days AND ≥ 1 qualifying lab value or ≥ 1 medication order, OR



	
≥2 qualifying lab values on separate days








Qualifying lab values are defined based on the ATP III guidelines [49]. More recent guidelines from the American College of Cardiology and American Heart Association in 2013 [20]. do not contain specific, numeric lipid goals; however, due to the likely absence of dyslipidemia diagnoses in the EHR, we recommend using a baseline lab value for the identification of dyslipidemic patients.



	
LDL ≥ 160 mg/dL (4.14 mmol/L)
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Table A1. Logistic Regression model-based estimates of the odds ratio for the relationship between medication adherence, as defined by proportion of days covered (PDC) and patient health gap status with and without adjustment for other covariates, stratified by race group.






Table A1. Logistic Regression model-based estimates of the odds ratio for the relationship between medication adherence, as defined by proportion of days covered (PDC) and patient health gap status with and without adjustment for other covariates, stratified by race group.





	
Patient Medication Adherence

	
Hypertension Health Gap

(n =83,033)

	
Hyperlipidemia Health Gap

(n = 54,647)

	
Diabetes Health Gap

(n = 31,297)




	
PCT

	
Unadjusted

	
Adjusted a

	
PCT

	
Unadjusted

	
Adjusted a

	
PCT

	
Unadjusted

	
Adjusted a






	
White




	
80%+ PDC

	
7.7%

	
Ref

	
Ref

	
27.1%

	
Ref

	
Ref

	
33.7%

	
Ref

	
Ref




	
0–79% PDC

	
36.6%

	
1.10

(1.05–1.15)

	
1.01

(0.96–1.05)

	
6.8%

	
2.89

(2.70–3.09)

	
2.94

(2.74–3.15)

	
10.9%

	
1.10

(0.99–1.21)

	
1.14

(1.03–1.26)




	
Patient did not retrieve medication

	
39.4%

	
1.39

(1.36–1.43)

	
1.20

(1.16–1.23)

	
27.3%

	
1.61

(1.53–1.69)

	
1.68

(1.61–1.77)

	
25.3%

	
1.24

(1.16–1.33)

	
1.26

(1.17–1.36)




	
No medication order

	
16.3%

	
1.43

(1.39–1.48)

	
1.21

(1.17–1.25)

	
38.9%

	
4.64

(4.44–4.84)

	
6.11

(5.83–6.4)

	
30.2%

	
5.67

(5.26–6.11)

	
5.52

(5.11–5.96)




	
African American




	
80%+ PDC

	
12.3%

	
Ref

	
Ref

	
25.5%

	
Ref

	
Ref

	
31.2%

	
Ref

	
Ref




	
0–79% PDC

	
40.6%

	
0.96

(0.83–1.11)

	
0.87

(0.75–1.01)

	
10.2%

	
2.67

(2.09–3.42)

	
2.70

(2.09–3.48)

	
15.8%

	
1.22

(0.92–1.61)

	
1.27

(0.95–1.69)




	
Patient did not retrieve medication

	
33.5%

	
1.53

(1.37–1.70)

	
1.30

(1.16–1.45)

	
23.5%

	
2.06

(1.69–2.51)

	
2.07

(1.68–2.53)

	
23.1%

	
1.41

(1.11–1.78)

	
1.49

(1.17–1.91)




	
No medication order

	
13.6%

	
1.54

(1.33–1.77)

	
1.30

(1.12–1.51)

	
40.9%

	
3.64

(3.05–4.34)

	
4.71

(3.88–5.73)

	
30.0%

	
6.92

(5.38–8.90)

	
7.31

(5.63–9.49)




	
Asian




	
80%+ PDC

	
8.5%

	
Ref

	
Ref

	
22.2%

	
Ref

	
Ref

	
32.4%

	
Ref

	
Ref




	
0–79% PDC

	
38.8%

	
1.16

(1.05–1.28)

	
1.05

(0.95–1.17)

	
7.2%

	
2.87

(2.51–3.29)

	
3.25

(2.81–3.75)

	
10.6%

	
1.22

(1.02–1.46)

	
1.28

(1.06–1.53)




	
Patient did not retrieve medication

	
38.0%

	
1.50

(1.41–1.59)

	
1.28

(1.19–1.36)

	
25.9%

	
1.64

(1.48–1.81)

	
1.75

(1.58–1.95)

	
27.7%

	
1.34

(1.18–1.53)

	
1.42

(1.24–1.62)




	
No medication order

	
14.6%

	
1.59

(1.46–1.73)

	
1.31

(1.20–1.43)

	
44.7%

	
3.30

(3.01–3.60)

	
5.43

(4.90–6.02)

	
29.3%

	
5.21

(4.57–5.93)

	
5.37

(4.69–6.14)




	
Other




	
80%+ PDC

	
9.1%

	
Ref

	
Ref

	
23.9%

	
Ref

	
Ref

	
34.2%

	
Ref

	
Ref




	
0–79% PDC

	
35.1%

	
0.98

(0.91–1.07)

	
0.89

(0.82–0.97)

	
8.2%

	
2.76

(2.45–3.09)

	
2.92

(2.58–3.29)

	
13.7%

	
1.12

(0.96–1.30)

	
1.19

(1.02–1.38)




	
Patient did not retrieve medication

	
39.1%

	
1.57

(1.50–1.66)

	
1.33

(1.27–1.41)

	
25.4%

	
1.84

(1.68–2.01)

	
1.93

(1.76–2.12)

	
25.6%

	
1.22

(1.08–1.37)

	
1.26

(1.12–1.42)




	
No medication order

	
16.8%

	
1.64

(1.54–1.75)

	
1.37

(1.29–1.47)

	
42.5%

	
3.57

(3.30–3.86)

	
5.13

(4.70–5.60)

	
26.5%

	
5.89

(5.22–6.65)

	
6.14

(5.42–6.95)








a—adjusted for age, sex, BMI, number of CM conditions, ethnicity, smoking status, alcohol status and corresponding baseline biometric value.
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Table A2. Demographic and clinical characteristics of primary care patients 35+ years old who are included in care gap analysis for hypertension in Table 4.
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Patients with or without Therapeutic Care Gap for Hypertension




	
Baseline Status

	
Category

	
With Care Gap

(n = 25,060)

	
No Care Gap

(n = 44,892)

	
Uncertain

(n = 13,028)

	
p-Value






	
Diagnosed CM Diseases

	
1

	
19.5%

	
21.8%

	
31.3%

	
<0.001




	
2

	
49.0%

	
49.5%

	
48.4%

	




	
3

	
31.5%

	
27.7%

	
20.3%

	




	
Gender

	
Female

	
56.4%

	
55.8%

	
56.0%

	
0.44




	
Male

	
43.6%

	
44.2%

	
44.0%

	




	
Age

	
35–44

	
3.2%

	
3.2%

	
5.7%

	
<0.001




	
45–54

	
11.5%

	
13.1%

	
17.0%

	




	
55–64

	
21.0%

	
22.6%

	
24.2%

	




	
65–74

	
29.8%

	
29.0%

	
26.9%

	




	
75+

	
34.6%

	
32.1%

	
26.2%

	




	
Race

	
White

	
67.6%

	
66.7%

	
68.8%

	
<0.001




	
Black

	
5.4%

	
4.8%

	
4.1%

	




	
Asian

	
9.9%

	
11.2%

	
9.4%

	




	
Other

	
17.1%

	
18.3%

	
17.7%

	




	
Hispanic

	
Yes

	
10.0%

	
10.0%

	
9.9%

	
0.95




	
No

	
90.0%

	
90.0%

	
90.1%

	




	
BMI

	
<25

	
22.4%

	
21.9%

	
24.3%

	
<0.001




	
25–29

	
34.0%

	
35.3%

	
35.6%

	




	
30–34

	
24.3%

	
22.6%

	
22.8%

	




	
35+

	
19.0%

	
18.6%

	
16.8%

	




	
Missing

	
0.3%

	
0.6%

	
0.5%

	




	
Smoking Status

	
Yes

	
5.9%

	
6.3%

	
6.7%

	
<0.001




	
Passive or quit

	
40.9%

	
38.0%

	
35.9%

	




	
No

	
53.2%

	
55.7%

	
57.4%

	




	
Charlson Score

	
0

	
51.6%

	
59.9%

	
63.2%

	
<0.001




	
1–2

	
39.1%

	
33.7%

	
30.8%

	




	
3+

	
9.3%

	
6.4%

	
5.9%

	




	
Baseline SBP

	
Mean(std)

	
153.4 (13.4)

	
151.9 (12.6)

	
150.4 (11.9)

	
0.34




	
Baseline DBP

	
Mean(std)

	
81.7 (11.3)

	
81.9 (10.9)

	
82.7 (10.3)

	
0.31




	
Baseline Adherence

	
≥80%

	
10.2%

	
15.4%

	
5.7%

	
<0.001




	
0–79%

	
41.3%

	
84.6%

	
24.8%

	




	
Not retrieved

	
48.5%

	
0%

	
41.1%

	




	
No medication order

	
0%

	
0%

	
28.4%

	











[image: Table] 





Table A3. Demographic and clinical characteristics of primary care patients 35+ years old who are included in care gap analysis for dyslipidemia in Table 4.
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Patients with or without Therapeutic Care Gap for Dyslipidemia




	
Baseline Status

	
Category

	
With Care Gap

(n = 10,972)

	
No Care Gap

(n = 26,748)

	
Uncertain

(n = 3644)

	
p-Value






	
Diagnosed CM Diseases

	
1

	
20.3%

	
22.3%

	
10.6%

	
<0.001




	
2

	
46.1%

	
50.2%

	
43.2%

	




	
3

	
33.6%

	
27.5%

	
46.2%

	




	
Gender

	
Female

	
56.7%

	
60.8%

	
60.4%

	
<0.001




	
Male

	
43.3%

	
39.2%

	
39.6%

	




	
Age

	
35–44

	
5.8%

	
6.1%

	
3.8%

	
<0.001




	
45–54

	
21.4%

	
21.8%

	
16.4%

	




	
55–64

	
32.8%

	
30.7%

	
27.0%

	




	
65–74

	
26.0%

	
24.5%

	
27.9%

	




	
75+

	
14.0%

	
17.0%

	
24.9%

	




	
Race

	
White

	
60.7%

	
61.8%

	
61.8%

	
<0.001




	
Black

	
4.7%

	
3.7%

	
4.1%

	




	
Asian

	
14.0%

	
15.6%

	
14.4%

	




	
Other

	
20.6%

	
19.0%

	
19.7%

	




	
Hispanic

	
Yes

	
12.5%

	
9.9%

	
11.3%

	
<0.001




	
No

	
87.5%

	
90.1%

	
88.8%

	




	
BMI

	
<25

	
19.6%

	
24.4%

	
20.9%

	
<0.001




	
25–29

	
37.9%

	
37.7%

	
37.3%

	




	
30–34

	
24.8%

	
22.7%

	
24.4%

	




	
35+

	
17.4%

	
14.9%

	
17.0%

	




	
Missing

	
0.3%

	
0.4%

	
0.4%

	




	
Smoking Status

	
Yes

	
8.0%

	
5.9%

	
6.6%

	
<0.001




	
Passive or quit

	
33.9%

	
31.8%

	
36.5%

	




	
No

	
58.1%

	
62.3%

	
57.0%

	




	
Charlson Score

	
0

	
65.6%

	
68.6%

	
57.3%

	
<0.001




	
1–2

	
29.1%

	
27.1%

	
35.4%

	




	
3+

	
5.3%

	
4.3%

	
7.3%

	




	
Baseline LDL-C

	
Mean(std)

	
155.2 (33.7)

	
148.0 (29.2)

	
138.1 (29.3)

	
0.02




	
Baseline Adherence

	
≥80%

	
15.6%

	
10.2%

	
25.6%

	
<0.001




	
0–79%

	
7.3%

	
6.0%

	
18.5%

	




	
Not retrieved

	
13.7%

	
14.3%

	
55.9%

	




	
No medication order

	
63.5%

	
69.5%

	
0%
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Table A4. Demographic and clinical characteristics of primary care patients 35+ years old who are included in care gap analysis for diabetes in Table 4.
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Patients with or without Therapeutic Care Gap for Diabetes




	
Baseline Status

	
Category

	
With Care Gap

(n = 10,051)

	
No Care Gap

(n = 7703)

	
Uncertain

(n = 4927)

	
p-Value






	
Diagnosed CM Diseases

	
1

	
1.8%

	
1.2%

	
2.0%

	
<0.001




	
2

	
19.0%

	
16.5%

	
18.5%

	




	
3

	
79.2%

	
82.8%

	
79.5%

	




	
Gender

	
Female

	
45.6%

	
48.2%

	
48.3%

	
<0.001




	
Male

	
54.4%

	
51.8%

	
51.7%

	




	
Age

	
35–44

	
6.6%

	
5.0%

	
5.7%

	




	
45–54

	
21.9%

	
17.5%

	
17.9%

	
<0.001




	
55–64

	
28.6%

	
28.0%

	
25.8%

	




	
65–74

	
26.5%

	
28.3%

	
27.0%

	




	
75+

	
16.5%

	
21.3%

	
23.5%

	




	
Race

	
White

	
52.8%

	
52.6%

	
51.4%

	
0.13




	
Black

	
4.5%

	
5.4%

	
5.2%

	




	
Asian

	
18.5%

	
18.2%

	
19.0%

	




	
Other

	
24.0%

	
23.9%

	
24.4%

	




	
Hispanic

	
Yes

	
15.2%

	
16.2%

	
15.7%

	
0.31




	
No

	
84.8%

	
83.8%

	
84.3%

	




	
BMI

	
<25

	
13.0%

	
13.4%

	
15.1%

	
<0.001




	
25–29

	
29.6%

	
29.2%

	
31.5%

	




	
30–34

	
28.2%

	
27.6%

	
27.4%

	




	
35+

	
28.8%

	
29.5%

	
25.5%

	




	
Missing

	
0.4%

	
0.3%

	
0.5%

	




	
Smoking Status

	
Yes

	
6.0%

	
6.2%

	
6.3%

	
0.31




	
Passive or quit

	
35.4%

	
36.9%

	
35.7%

	




	
No

	
58.6%

	
56.8%

	
58.6%

	




	
Charlson Score

	
0

	
42.9%

	
42.6%

	
45.6%

	
0.001




	
1–2

	
46.2%

	
46.5%

	
44.5%

	




	
3+

	
10.9%

	
10.9%

	
9.9%

	




	
Baseline HbA1c

	
Mean(std)

	
8.3 (1.5)

	
8.2 (1.4)

	
8.0 (1.3)

	
0.20




	
Baseline Adherence

	
≥80%

	
21.8%

	
91.7%

	
35.5%

	
<0.001




	
0–79%

	
5.1%

	
8.3%

	
29.1%

	




	
Not retrieved

	
57.9%

	
0%

	
14.8%

	




	
No medication order

	
15.1%

	
0%

	
20.7%
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Figure 1. Retrospective use of EHR data to identify eligible primary care patients, as well as health and care gaps. 
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Figure 2. Flowchart for study cohort identification. Flowchart for inclusion of Sutter primary care patients 35+ years of age to identify individuals with a cardiometabolic diagnosis and related health gap. 
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Table 1. Criteria for defining health gaps and therapeutic inertia care gaps.
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Disease

	
Health Gap

	
Criteria a






	
Health Gap Criteria

	
Hypertension

	
Yes

	
Diastolic BP ≥ 90 mmHg OR systolic BP ≥ 140 mmHg in two consecutive clinical encounters




	
Dyslipidemia

	
Yes

	
If CHD 10-year risk b > 20% then LDL health gap was defined as ≥ 100 mg/dL

If there were 2+ risk factors b or the 10-year risk ≤ 20% then the LDL health gap was defined as ≥ 130 mg/dL

If there were 0–1 risk factors then the LDL health gap was defined as ≥ 160 mg/dL




	
Type II Diabetes

	
Yes

	
HgA1c ≥ 7.0%.




	
Therapeutic

Care Gap

Criteria

	
Medication Order Status Prior to Gap Identification

	
Care Gap Present

	
Criteria of Actions Taken to Close

Therapeutic Inertia




	
Medication ordered by physician and retrieved by patient with

PDC ≥ 80%

	
No

	
Treatment is intensified by increasing the dose of at least one medication or by adding a second medication to the existing regimen




	
Yes

	
Medication is the same as the pre-health gap medication(s), or no medication was prescribed in the post health gap period




	
Uncertain

	
Part of the medication regimen has been changed or, for medications that are not changed, doses are the same




	
Medication ordered by physician and retrieved by patient with PDC < 80%

	
No c

	
Reorder the existing medication d




	
Yes

	
There was no continuation of the medication order




	
Uncertain

	
Patient continued to have low adherence and it is unknown whether the physician had a discussion with the patient to improve adherence




	
Medication ordered by physician but not retrieved by the patient

	
No

	
A medication was re-ordered in the post health gaps period d




	
Yes

	
No medication was prescribed in the post health gap period




	
No Medication ordered

	
No

	
A medication was ordered in the post health gap period




	
Yes

	
No medication was ordered in the post health gap period, and it is uncertain if the patient refused to take a medication or discontinued as a primary care patient with the physician








a—Criteria are consistent with the American College of Cardiology (ACC)/American Heart Association (AHA) guidelines. b—Factors used to estimate CHD risk: age, total cholesterol, smoking status, HDL, systolic BP, and antihypertensive treatment. The formula can be found in ATP III guidelines. c—Assumes that the physician discussed adherence with the patient, but the patient may have also acted on their own to improve treatment adherence. d—Assumes that the physician recognized the patient self-care gap and acted to close the care gap with a new prescription order with or without contacting the patient.
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Table 2. Demographic and clinical characteristics of primary care patients 35+ years old diagnosed with hypertension, hyperlipidemia, or diabetes.
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Baseline Status

	
Category

	
Percent of Total Population

(n = 252,181)

	
Percent of the Total Source Population with a Diagnosis




	
Hypertension

	
Hyperlipidemia

	
Diabetes




	
n = 191,876

	
n = 188,366

	
n = 57,534






	
Total

	

	
100%

	
76%

	
75%

	
3%




	
Diagnosed CM Diseases

	
1

	
43.6%

	
28.7%

	
28.1%

	
2.2%




	
2

	
38.6%

	
47.9%

	
48.1%

	
19.9%




	
3

	
17.8%

	
23.4%

	
23.8%

	
77.9%




	
Gender

	
Female

	
54.6%

	
55.0%

	
52.0%

	
51.0%




	
Male

	
45.4%

	
45.0%

	
48.0%

	
49.0%




	
Age

	
35–44

	
7.6%

	
6.3%

	
6.1%

	
5.0%




	
45–54

	
20.8%

	
18.4%

	
18.6%

	
17.0%




	
55–64

	
26.6%

	
25.7%

	
26.6%

	
25.6%




	
65–74

	
25.0%

	
26.4%

	
27.1%

	
28.2%




	
75+

	
19.9%

	
23.2%

	
21.7%

	
24.2%




	
Race

	
White

	
64.6%

	
66.3%

	
64.4%

	
55.2%




	
Black

	
3.5%

	
4.0%

	
3.2%

	
5.4%




	
Asian

	
13.5%

	
11.7%

	
14.1%

	
17.0%




	
Other

	
18.4%

	
18.1%

	
18.3%

	
22.4%




	
Hispanic

	
Yes

	
9.6%

	
9.9%

	
9.7%

	
14.3%




	
No

	
90.4%

	
90.1%

	
90.3%

	
85.7%




	
BMI

	
<25

	
26.1%

	
24.0%

	
24.8%

	
16.1%




	
25–29

	
36.9%

	
35.8%

	
37.9%

	
31.1%




	
30–34

	
21.8%

	
23.1%

	
22.5%

	
26.9%




	
35+

	
14.7%

	
16.6%

	
14.3%

	
25.5%




	
Missing

	
0.6%

	
0.6%

	
0.5%

	
0.5%




	
Charlson Score

	
0

	
68.6%

	
65.1%

	
67.0%

	
47.9%




	
1–2

	
26.7%

	
29.5%

	
28.0%

	
42.3%




	
3+

	
4.6%

	
5.4%

	
5.0%

	
9.8%




	
% with qualified biometric measure a

	
Yes

	
95.4%

	
98.2%

	
91.9%

	
95.1%




	
Health Gap b

	
Yes

	
54.3% c

	
43.8%

	
33.5%

	
57.2%




	
% of patient with dispense data

	
Yes

	
81%

	
85%

	
75%

	
78%








a. For hypertension, two consecutive BP measures were required, for others, only one measure was required. b. Denominator is those in a, that is, those who had qualified corresponding biometric measures. c. % with at least one health gap.
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Table 3. Logistic regression model-based estimates of the odds ratio for the relationship between medication adherence, as defined by proportion of days covered (PDC) and patient health gap status with and without adjustment for other covariates a.
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Patient Medication Adherence b

	
Hypertension Health Gap

(n = 83,033)

	
Hyperlipidemia Health Gap

(n = 54,647)

	
Diabetes Health Gap

(n = 31,297)




	
PCT

	
Unadjusted

	
Adjusted a

	
PCT

	
Unadjusted

	
Adjusted a

	
PCT

	
Unadjusted

	
Adjusted a






	
80%+ PDC b

	
36.7% d

	
Ref

	
Ref

	
25.7% d

	
Ref

	
Ref

	
34.0% d

	
Ref

	
Ref




	
0–79% PDC

	
8.2%

	
1.07

(1.02–1.12)

	
0.97

(0.91–1.02)

	
7.4%

	
3.21

(2.76–4.34)

	
3.23

(2.50–4.39)

	
11.6%

	
1.17

(1.06–1.30)

	
1.15

(1.08–1.33)




	
Patient did not retrieve medication

	
38.9%

	
1.44

(1.41–1.47)

	
1.23

(1.21–1.26)

	
26.6%

	
1.67

(1.61–1.74)

	
1.76

(1.69–1.83)

	
27.5%

	
1.25

(1.19–1.32)

	
1.30

(1.23–1.37)




	
No medication order c

	
16.1%

	
1.48

(1.44–1.53)

	
1.25

(1.22–1.29)

	
40.4%

	
4.19

(4.05–4.33)

	
5.80

(5.58–6.02)

	
26.8%

	
5.62

(5.32–5.94)

	
5.66

(5.35–5.99)








a—adjusted for age, sex, race, BMI, number of CM conditions, ethnicity, smoking status, and alcohol status. b—includes patients with hypertension (1.5%), diabetes (1.6%), and hyperlipidemia (1.3%) who did not have a Sutter medication order but did have a medication dispense claim. c—includes no medication order or no medication dispense as evidence of a prescription order. d—43.7% patients with BP health gap and with medication order had 80%+ PDC; 43.1% patients with LDL health gap and medication order had 80%+ PDC; and 46.4% patients with HbA1c health gap and medication order.
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Table 4. Prospective therapeutic care gap (no actions taken to close health gap) status among primary care patients 35+ years old diagnosed with hypertension, hyperlipidemia, or diabetes who have a disease specific health gap by medication adherence status.






Table 4. Prospective therapeutic care gap (no actions taken to close health gap) status among primary care patients 35+ years old diagnosed with hypertension, hyperlipidemia, or diabetes who have a disease specific health gap by medication adherence status.





	
Medication Adherence

	
Therapeutic Care Gap Present

	
HTN with BP Health Gap

(n = 82,980) a

	
Hyperlipidemia with LDL Health Gap

(n = 41,405) b

	
Diabetes with HbA1c Health Gap

(n = 23,131) c






	
Overall

	
No

	
30.2%

	
26.5%

	
45.4%




	
Yes

	
54.1%

	
64.6%

	
33.3%




	
Uncertain

	
15.7%

	
8.9%

	
21.3%




	
80%+ PDC d

	
No

	
n = 26,172

(31.5%)

	
22.1%

	
n = 5617

(13.6%)

	
18.5%

	
n = 9579

(41.4%)

	
23.9%




	
Yes

	
37.9%

	
50.8%

	
47.8%




	
Uncertain

	
40.0%

	
30.8%

	
28.3%




	
0–79% PDC e

	
No

	
n = 15,299

(18.4%)

	
46.7%

	
n = 3427

(8.3%)

	
12.1%

	
n = 3171

(13.7%)

	
17.0%




	
Yes

	
37.5%

	
32.0%

	
13.0%




	
Uncertain

	
15.8%

	
55.9%

	
70.0%




	
Patient did not retrieve medication

	
No

	
n = 29,524

(35.6%)

	
41.3%

	
n = 8697

(21.0%)

	
60.9%

	
n = 7212

(31.2%)

	
84.4%




	
Yes

	
58.7%

	
39.1%

	
15.6%




	
No medication order

	
No

	
n = 11,985

(14.4%)

	
0%

	
n = 23,664

(57.1%)

	
17.9%

	
n = 3169

(13.7%)

	
50.1%




	
Yes

	
100%

	
82.1%

	
49.9%








a—Out of 83,033 HTN patients who had BP health gap, 99% had Surescripts dispense data and were included in the table. b—Out of 54,647 dyslipidemia patients who had LDL gap, 76% had Surescripts dispense data and were included in the table. c—Out of 31,279 T2DM patients who had HBA1c gap, 74% had Surescripts dispense data and were included in the table. d—Includes 3834 individuals who did not have a Sutter physician order for a medication but did have a Surescripts adjudication record for a medication in the specific class. e—Includes 799 individuals who did not have a Sutter physician order for a medication but did have a Surescripts adjudication record for a medication in the specific class.
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