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Background: Intracerebral hemorrhage (ICH) disproportionally affects underserved populations, and coincides with risk factors for cardiovascular events and cognitive decline after ICH. We investigated associations between social determinants of health and management of blood pressure (BP), hyperlipidemia, diabetes, obstructive sleep apnea (OSA), and hearing impairment before and after ICH hospitalization.

Methods: Survivors of the Massachusetts General Hospital longitudinal ICH study between 2016 and 2019 who received healthcare at least 6 months after ICH were analyzed. Measurements of BP, LDL and HbA1c and their management in the year surrounding ICH and referrals for sleep studies and audiology up to 6 months after ICH were gathered from electronic health records. The US-wide area deprivation index (ADI) was used as proxy for social determinants of health.

Results: The study included 234 patients (mean 71 years, 42% female). BP measurements were performed in 109 (47%) before ICH, LDL measurements were performed in 165 (71%), and HbA1c measurements in 154 (66%) patients before or after ICH. 27/59 (46%) with off-target LDL and 3/12 (25%) with off-target HbA1c were managed appropriately. Of those without history of OSA or hearing impairment before ICH, 47/207 (23%) were referred for sleep studies and 16/212 (8%) to audiology. Higher ADI was associated with lower odds of BP, LDL, and HbA1c measurement prior to ICH [OR 0.94 (0.90–0.99), 0.96 (0.93–0.99), and 0.96 (0.93–0.99), respectively, per decile] but not with management during or after hospitalization.

Conclusion: Social determinants of health are associated with pre-ICH management of cerebrovascular risk factors. More than 25% of patients were not assessed for hyperlipidemia and diabetes in the year surrounding ICH hospitalization, and less than half of those with off-target values received treatment intensification. Few patients were evaluated for OSA and hearing impairment, both common among ICH survivors. Future trials should evaluate whether using the ICH hospitalization to systematically address co-morbidities can improve long-term outcomes.
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Introduction

Intracerebral hemorrhage (ICH) and its sequelae have a disproportionally high impact on minority populations in the United States (1). Disparities in access to health care and socioeconomic factors limit the ability of marginalized populations to receive adequate care before and after ICH (2–5). The incidence and recurrence of ICH is higher in people of Black and Hispanic racial and ethnic backgrounds (3, 4), who are also at elevated risk of cognitive impairment, at least partially due to their higher burden of underlying cerebrovascular risk factors (6, 7). Blood pressure (BP) management, crucial for ICH prevention (8), is less effective in neighborhoods with low income, pointing to possible inequities in postdischarge care (2, 5).

Because treatment options for ICH remain limited, focus lies in prevention and rehabilitation (9). BP control is the most important risk factor for ICH incidence and recurrence, but after ICH, survivors are also at high risk of ischemic stroke (10), myocardial infarction (10), and incident dementia (11). However, targeted prevention efforts toward these common comorbidities are currently not prioritized (9). Obstructive sleep apnea (OSA) is present in up to 80% of ICH patients, raises BP, and is a significant risk factor for ICH and cardiovascular disease (1, 12). Hearing impairment is present in approximately 70% of individuals with stroke (13), and is associated with lower likelihood of good functional and cognitive outcomes after ICH (14).

Current guidelines do not recommend goal-directed work-up for risk factors and comorbidities that are not directly related to ICH (9). Although evidence from clinical trials is missing, diagnosis and treatment of common cardiovascular and brain health risk factors may contribute to improved overall outcomes after ICH. In this study, we sought to understand current clinical practices for ICH patients and whether social determinants of health are associated with providers’ management rates for selected risk factors and comorbidities that are associated with adverse outcomes in ICH survivors. In addition to blood pressure, we chose hyperlipidemia and diabetes as cerebrovascular risk factors [screened by low-density lipoprotein (LDL) and glycated hemoglobin (HbA1c), respectively], two conditions that have well-established management strategies to improve vascular outcomes even if not directly related to the ICH that resulted in the hospitalization (15, 16). OSA and hearing impairment were additionally selected for this study as they are common comorbidities among ICH survivors (1, 14) with widely available diagnostics and treatment that can impact recurrence, recovery, and cognition after stroke (14, 17, 18). Additionally, these conditions often remain underdiagnosed and inadequately managed, thereby representing important areas for potential intervention to improve patient outcomes following an ICH event (19–21). We assessed measurement and management rates of these conditions before, during, and after ICH hospitalization in a population admitted to a tertiary care medical center and assessed their associations with measures of social disadvantage.



Methods


Study cohort

ICH admission data was gathered from the Massachusetts General Hospital (MGH) ICH study, a prospective and consecutive study including all patients presenting with ICH at MGH between 1991 and 2019 (8). To exclude potential bias from different electronic health record data sources, data was restricted to individuals that were admitted after October 2016, 6 months after Epic (Epic Systems, Verona, WI) was introduced as electronic health record (EHR) software at MGH and affiliated providers. Patients aged 18 years or older with acute primary ICH confirmed by CT scan admitted within 24 h after symptom onset were included. Patients with ICH resulting from trauma, conversion of ischemic infarct, vascular malformation or aneurysm, or brain tumor were excluded. The study was approved by the MGH institutional review board (#2021P001597) and informed consent was obtained from all participants or their authorized surrogates.

We investigated patient’s health care in the 6 months before hospitalization for ICH, during hospitalization (14 days following ICH), and in the 6 months after hospitalization. We included only individuals who survived at least 6 months after ICH event to allow sufficient time for post-ICH testing. To capture only individuals whose health care data is reflected in the electronic health record (EHR), those without a recorded encounter 6 months or later after ICH were excluded. Measurements of BP, LDL, and HbA1c, as well as referrals and appointments for audiology, sleep medicine, and home or facility-based sleep studies within the 12 months surrounding ICH were gathered from the EHR. To identify patients with prior diagnoses of OSA or hearing impairment, diagnoses, problem lists, and clinical notes were searched for discrete diagnoses or descriptive text (Supplementary Methods).



Evaluation of management

BP prescriptions were ascertained by gathering all medication prescriptions of the patient cohort in the 12 months surrounding ICH, and assigning every BP medication into one of five different classes: calcium channel blockers, beta blockers, ace inhibitors/angiontensin receptor antagonists, diuretics, and others (hydralazine, alpha blockers). For each patient, we assigned the number of antihypertensive drug classes prescribed in the 6 months before and in the 6 months after ICH (excluding the acute inpatient treatment 14 days after ICH), as well as the number of antihypertensive drugs initiations in the 6 months before ICH. Intensification of antihypertensive medication was not analyzed due to unavailable dosage data in the EHR.

We defined a target LDL of <70 mg/dL for patients with a documented history of coronary artery disease (CAD), ischemic stroke, TIA, and diabetes at the time of measurement, otherwise <190 mg/dL. We defined treatment as appropriate or inappropriate depending on medication prescriptions before and after LDL measurement. Since EHR data limits insight into individual treatment decisions, we used a simplified approach for the minimum prevention: for patients requiring a lipid lowering agent because they were not meeting their LDL goal, or those with a history of CAD, ischemic stroke, or diabetes, appropriate treatment change was defined as either (i) initiating statin prescription if no statin was prescribed earlier, (ii) increasing current statin prescription dose [different statin type dosages were harmonized based on comparison factors from trials evaluating statin efficacy (22)], or (iii) initiating a LDL-lowering drug from a different class such as ezetimibe, fibrate, or a PCSK9-inhibitor; all other combinations were considered as inappropriate treatment. For patients meeting their LDL goal, every situation of medication before/after measurement was considered as appropriate treatment.

Because of the individualized screening and treatment recommendations depending on patients’ age, comorbidities, life expectancy, and functional status (15, 23), we used a simplified approach to define goals for screening/evaluation and treatment of diabetes. We defined a HbA1c goal of 7% for patients <65 years, 7.5% for patients ≥ 65 years before ICH, and 8% for patients ≥65 years after ICH. Furthermore, we defined the treatment change following HbA1c measurement as appropriate, inappropriate or unknown. If HbA1c exceeded the target, intensification of therapy ascertained by chart review was considered appropriate treatment. For patients without prior insulin prescription, addition or dose increase of an oral antidiabetic drug or initiation of insulin therapy was defined as treatment intensification. For patients with prior insulin treatment, we could not capture appropriate treatment change because intensification of the insulin administration plan is not reliably reflected in the EHR, therefore these situations were defined as unknown. All other situations were defined as inappropriate treatment changes.



Social determinants of health

We explored the association between socioeconomic disadvantage and health care utilization before and after ICH. As a proxy for individual disadvantage, we used the previously validated United States nation-wide area deprivation index (ADI) (24–26), which is composed of 17 education, employment, housing quality, and poverty measures, divided into deciles with higher values indicating greater deprivation. We gathered the neighborhood-level ADI of the census block group of each individual’s address at the time of ICH from the Neighborhood Atlas.1



Statistical methods and software used

Measures are reported as mean and standard deviation (SD) if normally distributed, otherwise as median and interquartile range (IQR). For comparison of categorical variables, Chi-square test and Fisher’s exact test (in case of cell counts <5) were used; for comparison of continuous variables, unpaired t-test or Wilcoxon signed-rank test (for normally and non-normally distributed variables, repectively) were used. The association between ADI and management before, during and after hospitalization was assessed with logistic regression models adjusted for age, sex, race, and in models that evaluated LDL and HbA1c measurements for presence of coronary artery disease and diabetes, respectively. All analyses were performed in RStudio 2022.07.0 with R version 4.2.1 on Mac OS X (aarch64-apple-darwin20) (27).




Results

Out of 438 patients from the MGH ICH study with available electronic health record data, 234 patients [median (IQR) 71 (61–79) years, 42% female] remained for analysis after exclusion of those who did not survive or did not utilize EHR-accessible healthcare within 6 months following ICH (Figure 1 and Table 1). ADI was available for 220 patients with a median nation-wide ADI rank decile of 1.8 (IQR 0.9–2.7).
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FIGURE 1
 Study flow. From the prospective longitudinal cohort of patients with intracerebral hemorrhage and available electronic health care data at Massachusetts General Hospital those who survived more than 6 months and received care within the Massachusetts General Hospital provider network were included.




TABLE 1 Baseline characteristics of the 234 analyzed patients with intracerebral hemorrhage.
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Blood pressure


Evaluation patterns before, during, and after hospitalization

In total, 109 patients (47%) had one or more recorded BP measurement before ICH, whereas 214 (91%) had a BP measurement after ICH (Figure 2). Of the patients that had at least one class of BP lowering medication prescribed before ICH (n = 108, 46%), only 75 had one or more recorded BP measurements in the 6 months before ICH.

[image: Figure 2]

FIGURE 2
 Comorbidity management in the 12 months surrounding ICH. Proportion of patients that were evaluated for hypertension, hyperlipidemia, diabetes, obstructive sleep apnea, and hearing impairment.


Among the 109 patients with BP readings before ICH, 51 patients were started on a new antihypertensive drug before ICH. When comparing the number of antihypertensives before and after ICH hospitalization, we found a mean increase of 1.3 antihypertensives with 153 (65%) patients having at least one more, 65 patients having the same number, and only 16 patients having fewer antihypertensives prescribed after ICH than before.



Association between social determinants of health and management

Higher ADI was associated with a lower probability of BP measurements before hospitalization, independent of presence of coronary artery disease and diabetes [OR 0.94, 95% CI (0.90, 0.99) per one ADI decile]. We found no association between the ADI and antihypertensives before and after hospitalization or with the difference in antihypertensives before and after hospitalization (all p > 0.2).




Hyperlipidemia and diabetes


Evaluation patterns before, during, and after hospitalization

136 (58%) and 137 (59%) of the patients had LDL and HbA1c measurements during hospitalization or within 6 months before admission, respectively, with a sharp increase during hospitalization (Figure 2). Of the remaining patients without measurements within 6 months before admission and discharge, only 29 (12%) and 17 (7%) of the patients received LDL and HbA1c measurements within 6 months after hospitalization, respectively (Figure 2). Altogether, we found one or more LDL or HbA1c measurement within the 12 months surrounding ICH in 165 (71%) and 154 (66%) of patients, respectively (Figure 3).
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FIGURE 3
 Treatment patterns of hyperlipidemia (A) and diabetes (B) in the 12 months surrounding ICH. Proportion of ICH patients with LDL measurements, target values, and treatment changes. Among patients with off-target values of LDL and HbA1c, the majority did not receive appropriate management. There was no association between area deprivation index and the achievement of LDL goals or the change in treatment.




Management strategies

Of the patients with LDL measurements, 106 (64%) were on their LDL target at least once in the 12 months surrounding ICH. Of the remaining 59 patients with only off-target LDL measurements, we found an appropriate change in treatment in 27 (46%) of the patients (Figure 3). Of the patients with HbA1c measurements, 142 (85%) met their HbA1c target at least once in the 12 months surrounding ICH. Of the remaining 12 patients with only off-target HbA1c, we found an appropriate change in treatment in three (25%) patients (Figure 3).



Association between social determinants of health and management

There was no association between ADI and LDL and HbA1c measurement in the 12 months surrounding ICH overall (p > 0.2 for all). However, higher ADI was associated with a lower probability of LDL and HbA1c measurements before hospitalization, independent of presence of coronary artery disease or diabetes, respectively [OR 0.95, 95% CI (0.91, 0.98) and 0.96, 95% CI (0.93, 0.99) per one ADI decile]. We found no association between ADI and achievement of LDL goals or treatment patterns.




Obstructive sleep apnea and hearing impairment


Evaluation patterns during and after hospitalization

We found evidence of OSA evaluation within 6 months in 47 (23%) of the 207 patients without documented OSA prior to ICH, of which 18 had a referral/appointment for a sleep study within the 6 months following ICH and 29 had a new mention of OSA in their notes or EHR problem list (Figure 2). We found evidence of evaluation for hearing impairment in 22 (9%) patients of the 212 patients without documentation of hearing impairment prior to ICH: 9 had a referral or appointment for audiology and 7 had a new documentation of hearing aids within the 6 months following ICH (Figure 2).



Association between social determinants of health and management

Higher ADI was associated with decreased probability of OSA diagnosis prior to hospitalization [OR 0.96 95% CI (0.93, 0.99) per one decile nation-wide rank], but not with OSA evaluation after ICH (p > 0.2). There was no association between the ADI and hearing impairment before ICH or evaluation for hearing impairment after ICH (both p > 0.2).





Discussion

We ascertained current provider practices regarding evaluation and management of hyperlipidemia, diabetes, obstructive sleep apnea, and hearing impairment in 234 ICH survivors from a large academic institution and the associations between evaluation rates and social determinants of health. We found infrequent measurements of BP, LDL and HbA1c before hospitalization, associated with socioeconomic disadvantage. Even beyond health disparities, LDL and HbA1c were measured in just half of eligible ICH patients during hospitalization and increased only slightly after hospitalization. Evaluating OSA and hearing impairment, comorbidities that are highly prevalent in ICH patients (1, 12, 28), roughly 10% of patients carried a prior diagnosis and only an additional 23 and 8%, respectively, were evaluated following ICH hospitalization.

Individuals with higher ADI had a lower chance of BP, LDL, and HbA1c measurements and OSA diagnosis before hospitalization, but not during or after hospitalization. These results suggest that health care disparities are influenced by social determinants of health before ICH, but also that the acute ICH hospitalization offers an opportunity to correct health care disparities among ICH survivors, even though a standardized approach for management of cerebrovascular and adverse brain health risk factors perhaps not directly related to ICH was lacking in our cohort. Future interventions during ICH hospitalization for evaluation and management of common risk factors and comorbidities to mitigate health care disparities and potentially change brain health outcomes may be an effective strategy.

Our analysis focused on comorbidities that are highly prevalent in ICH patients (6, 10, 29) and whose management is backed by solid evidence and established routine in the general population (9, 30). Our findings may also apply to other comorbidities that contribute to long-term outcomes. Because of the high mortality and severe disability in patients with ICH, health care providers might be tempted to focus on only the most pressing matters during acute hospitalization. But deferral of risk factor evaluation might mean dismissal: most of the assessments after ICH happened during hospitalization, and patients were unlikely to be evaluated as far out as 6 months post-ICH. Hyperlipidemia and diabetes strongly contribute to the excess risk for major cardiovascular and cerebrovascular events in ICH survivors (10, 12), and elevated values have well-established consequences. Recognition of OSA is particularly important because it increases BP, the most important risk factor for recurrent ICH (12). The risk of OSA can be easily assessed with clinical risk scores, such as the STOP-BANG score (31), or even with risk factors extracted from the EHR (32), and a subsequent sleep study bears low risk (33). Hearing impairment, highly prevalent among stroke patients (13), influences recovery and rehabilitation after ICH (34) and can be screened with established questionnaires or a handheld hearing screener (35).

Except for BP measurement and intervention, there is currently no systematic approach for screening these risk factors in ICH patients (9), partly because there is not evidence that intervening improves secondary prevention in ICH patients specifically. The low absolute incidence of ICH limits traditional trials in the absence of large and costly multi-center efforts, but alternative strategies, such as EHR-based intervention studies, could improve screening rates and facilitate outcome tracking. Such interventions could be designed to modify provider behavior through EHR-based prompts that show additional information, such as last measurements, known diagnoses, or automatic risk score calculation, and have been shown to be effective in other settings (36). Effects are measured by either by randomizing patients (37) or providers (38), or by comparing outcomes before and after intervention (39). Since EHR systems are highly prevalent in the US, it may be feasible to explore whether a recommendation to screen risk factors and comorbidities in ICH patients improves outcomes.

Our study has limitations. First, EHR data limits insight into individual patient’s medical history, particularly parts that are outside the MGH provider network. There might have been individual reasons for lack of evaluation or management characterized as inappropriate that our analyses could not capture. Second, subsequent measurements and referrals could have been made at providers outside the MGH network, thus we might have underestimated their rates. We have tried to mitigate that bias by restricting our cohort to patients that had at least one encounter with the system after 6 months or later. Third, we used neighborhood-level ADI as a proxy for individual access to healthcare which is a crude generalization, especially about information about patients’ own education level, one of the main determinants of health and access to health care (40); however, the ADI has been validated in previous studies as a reliable proxy for SDOH (25). Furthermore, we might have missed an association between ADI and health care utilization after ICH due to the low absolute number of LDL and HbA1c measurements after hospitalization. There are no obvious reasons why health care disparities should cease after ICH hospitalization, but it is possible that the relatively resource-rich environment surrounding post-ICH rehabilitation at least partially mitigates such disparities. The low ADI in our cohort compared to the rest of the US (1.8 out of 10) suggests that many patients in our cohort had good access to health care and other resources and thus limits the generalizability of our single-center study, however disparities might be even magnified in more deprived environments. Fourth, our study does not incorporate a control group, which could demonstrate whether the identified screening deficiencies are specific to ICH patients, or extend to a broader patient population. However, our primary objective was to delineate areas of potential improvement specifically in ICH patient care, within the framework of existing American Heart Association guidelines specific to post-ICH care. Moreover, the selection of an appropriate control group, characterized by comparable demographics, published guidelines, and equally severe disease conditions not directly linked to hyperlipidemia or diabetes, presents a significant challenge. Finally, we do not directly know whether better management of the proposed risk factors and comorbidities will improve long-term outcomes in ICH survivors, a population with a lower life expectancy and more functional impairment than the general population or even ischemic stroke survivors.

In conclusion, our EHR data indicates that there is room for improvement for the management of hyperlipidemia, diabetes, OSA, and hearing impairment in ICH survivors and that the ICH hospitalization is a prime opportunity to mitigate care biases influenced by social determinants of health. Future studies should assess whether systematic comorbidity management improves long-term outcomes in this highly vulnerable collective.
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Age, years, median (IQR) 71(61-79) 72 (64-80) 69(59-79) 012
Female, n (%) 99(42.3) 53 (46.5) 44415) 046
ADI decile, median (IQR) 18(0.9-2.7) 10(05-1.5) 27(23-35) <0.001
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White, 7 (%) 192(82.1) 100 (87.7) 81(76.4) 002
Asian, 1 (%) 16.(6.8) 7(6.1) 8(7.5) 067
Black, n (%) 14(6.0) 4(33) 8(7.5) 024
Native American, 7 (%) 1(04) 0(0) 1009) 048
Other, 1 (%) 804) 326 5(47) 049
Unknown, n (%) 3013) 0(0) 3028 o
Ethnicity
Hispanic, n (%) 16(6.8) 403) 11(10.4) 0.04
Not Hispanic, (%) 207 (88.5) 104 (91.2) 91(85.8) 021
Unknown, 7 (%) 147 6(53) 4(.8) 0.60

Hemorrhage location

Deep, n (%) 118 (50.4) 49 (43.0) 62(58.5) 002
Lobar, 1 (%) 105 (44.9) 59 (51.8) 40 (37.7) 004
Cerebellar, 1 (%) 10(4.3) 5(44) 4(38) 099
Mixed, n (%) 1(0.4) 1(09) 0(0) 099

Cerebrovascular risk factors

Hypertension, n (%) 200 (86.2) 97 (85.8) 92(87.6) 070
Hypercholesterolemia, (%) 123(53.0) 66 (57.9) 52(49.5) 021
Diabetes, 1 (%) 54(23.4) 23 (204) 30(286) 016
Atrial fibrillation, (%) 47(203) 28 (246) 18(17.3) 019
Coronary artery disease, 1 (%) 33(143) 14(123) 16(15.4) 051
Ischemic CVA, 1 (%) 31(13.4) 14 (12.4) 16 (15.4) 052

Patients were divided into low and high deprivation by median area deprivation index (ADI).
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