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Abstract

Objective—The presence of a mental health disorder with hypertension is associated with higher 

cardiovascular disease mortality than hypertension alone. Although earlier detection of 

hypertension has been demonstrated in patients with anxiety and depression, the relationship of 

mental health disorders to hypertension control is unknown. Our objective was to evaluate rates 

and predictors of incident hypertension control among patients with anxiety and/or depression 

compared to patients without either mental health diagnosis.

Methods—A four-year retrospective analysis included 4362 patients, ≥18 years old, who 

received primary care in a large academic group practice from 2008–2011. Patients met JNC 7 

criteria and had a hypertension diagnosis. Kaplan-Meier analysis estimated the probability of 
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achieving control for patients with and without anxiety and/or depression. Cox proportional hazard 

models were fit to identify predictors of time to control.

Results—Overall, 13% (n=573) had a baseline diagnosis of anxiety and/or depression. Those 

with anxiety and/or depression demonstrated more primary care and specialty visits than those 

without either condition. After adjustment, patients with anxiety and/or depression had faster rates 

of hypertension control (HR 1.22; 1.07–1.39) than patients without either diagnosis. Other 

associations of faster hypertension control included female gender (HR 1.32; 1.20–1.44), absence 

of tobacco use (HR 1.17; 1.03–1.33), Medicaid use (HR 1.27; 1.09–1.49), and a higher Adjusted 

Clinical Group Risk Score (HR 1.13; 1.10–1.17), a measure of healthcare utilization.

Conclusions—Greater healthcare utilization among patients with anxiety and/or depression may 

contribute to faster hypertension control.
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INTRODUCTION

Hypertension is the leading risk factor for morbidity and mortality worldwide [1]. Effective 

management of hypertension reduces the risk of stroke, myocardial infarction, congestive 

heart failure, and overall mortality [2]. Patients with depression and/or anxiety represent a 

particularly vulnerable population as they are at higher risk for developing hypertension 

[3,4]. In addition, patients with co-morbid hypertension and mental health disorders are a 

higher-risk population for cardiovascular disease related mortality [5,6].

Depression and anxiety, which are commonly co-existing conditions [7–9], affect nearly 

one-fourth of the U.S. adult population [10]. There is a general association between mental 

health disorders and cardiovascular disease risk factors [11–13]; however, the management 

of hypertension in patients with common mental health disorders has received relatively 

little study and there is conflicting data [14]. Byrd et al. [14] found that hypertension 

diagnosis rates were faster in patients with depression and anxiety than in patients with 

neither mental health condition. This may reflect an increase in healthcare utilization among 

patients with anxiety and/or depression [15]. A previous study highlighted more mental 

health and non-mental health related visits among patients with anxiety and/or depression 

[9]. However, Moise et al. [16] demonstrated that patients were less likely to have 

intensification of hypertension treatment with a comorbid depression diagnosis. It is yet 

unknown how the diagnosis of either anxiety or depression affects time to incident 

hypertension control. Therefore, the purpose of our study was to evaluate rates of incident 

hypertension control among patients with anxiety and/or depression compared to patients 

without either diagnosis.
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METHODS

Sample

The University of Wisconsin-Madison Health Sciences Institutional Review Board approved 

this study with a waiver of consent. This secondary retrospective cohort analysis used 

electronic health record data from a large, Midwestern, multi-disciplinary academic group 

practice. To construct the sample (Figure 1), we identified all patients ≥18 years old who 

met criteria from the Wisconsin Collaborative for Healthcare Quality (WCHQ) [17,18] for 

being “currently managed” in the healthcare system between January 1, 2008 and December 

31, 2011. WCHQ is a multi-stakeholder, voluntary consortium of Wisconsin organizations 

committed to publicly reporting performance measures of quality and affordability of 

healthcare services [19]. Per WCHQ criteria, patients had to have ≥2 billable office 

encounters in an outpatient, non-urgent, primary care setting, or one primary care and one 

office encounter in an urgent care setting, in the three years prior to study enrollment, with 

at least one visit in the prior two years [20]. Electronic health records were assessed for the 

date a patient met JNC 7 clinical blood pressure criteria for a new diagnosis of hypertension 

[2] (incident hypertension), meaning they had not received a previous diagnosis of or 

treatment for hypertension. JNC 7 criteria were used as they were the established U.S. 

hypertension guidelines during the reporting period. First, a patient was determined as 

meeting blood pressure eligibility criteria based on electronic health record data if the 

patient had: a) ≥3 elevated outpatient blood pressure measurements from three separate 

dates, ≥30 days apart, but within a two-year span (systolic blood pressure ≥140 mmHg or 

diastolic blood pressure ≥90 mmHg) or b) two elevated blood pressures [21,22] (systolic 

blood pressure ≥160 mmHg or diastolic blood pressure ≥100 mmHg), ≥30 days apart within 

a two-year period. If more than one blood pressure was taken at a visit, the average was used 

[23]. Hospital and emergency department blood pressures were excluded. After meeting 

criteria for incident hypertension, patients were then excluded if they did not receive a new 

diagnosis of hypertension based on the Tu criteria [24] and if they had less than 6 months 

follow-up (Figure 1). The Tu algorithm for administrative data is used to define patients who 

have been diagnosed with hypertension using the following ICD-9 codes [25]: 401.x 

(essential hypertension), 402.x (hypertensive heart disease), 403.x (hypertensive renal 

disease), 404.x (hypertensive heart and renal disease), and 405.x (secondary hypertension).

Each patient meeting all eligibility criteria received an “index date” (the first date both 

criteria were met). A 365-day period prior to this index date was the “baseline period” to 

assess patients’ comorbidities and healthcare utilization. Patients continued to accrue time in 

the study from the index date until they achieved the study outcome (hypertension control), 

the study ended, or censoring occurred. Patients were censored if they died (censored day of 

death; n=31, 0.71%) or were no longer currently managed (censored at the end of the 

calendar year; n=333, 7.6%). Patients who were pregnant during the study were excluded 

one year before, during, and one year following pregnancy using a modified Manson 

approach (n=4, 0.09%) [26]. The final sample was 4362 currently managed patients with 

incident hypertension (Figure 1).
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Primary outcome variable

The primary outcome was time (days) from the index date to achieving hypertension 

control, defined as three consecutive normal blood pressures (<140/90 mmHg) on three 

separate dates. To account for blood pressure variability, multiple clinic blood pressures 

were used to define hypertension control since ambulatory blood pressures were not 

available. Results are reported in months.

Explanatory variables

Patient and provider explanatory variables to identify barriers to achieving hypertension 

control were selected based on the concept of clinical inertia (delays in hypertension 

diagnosis and/or medication initiation/titration) [27]. Patient-related factors included: 

sociodemographics (age, sex, race/ethnicity, marital status, Medicaid use during the baseline 

or study period), behavioral risk factors (baseline tobacco use, body mass index at study 

entry), and comorbidities. Anxiety (ICD-9 codes: 300.0–300.02, 300.09, 300.21–300.23, 

300.3, 309.24, 309.81) [28] and depression (ICD-9 codes: 300.4, 301.12, 309.0, 309.1, 311) 

[29] were assessed using established algorithms, requiring at least two outpatient diagnosis 

codes within a two-year period. Since anxiety and depression are common comorbid 

conditions, but often under-recognized [30], a combined variable was created (anxiety 

and/or depression) for analysis [14].

Patients’ morbidity burden can predict healthcare utilization which may influence 

hypertension control rates [31,32]. Therefore, we used the Johns Hopkins Adjusted Clinical 

Group (ACG) Case-Mix System (version 10.0), which assesses morbidity burden based on 

patient age, gender, and patterns of disease in the electronic health record to predict future 

healthcare resource utilization [32]. Additional measures of utilization included the number 

of baseline primary care, specialty, and urgent care visits. Primary care visits included those 

to Family Medicine/Family Practice, Internal Medicine, and a combined category of lower 

prevalence specialties (Obstetrics/Gynecology, Pediatrics/Adolescent Medicine) with a 

physician (faculty, resident, fellow), nurse practitioner, or physician assistant.

Patients were assigned to the primary care provider they saw most frequently in outpatient 

face-to-face Evaluation & Management visits, as reported in professional service claims 

[20]. Models additionally controlled for each provider’s age, specialty (Internal Medicine, 

Family Medicine/Family Practice, Other), and gender, which were obtained from the 

provider group’s human resource office and/or the American Medical Association (AMA) 

2011 Masterfile data.

Statistical analysis

Analyses were conducted using SAS 9.1.3 (SAS Institute, Inc., Cary, NC) and Stata 13.1 

(Stata-Corp, College Station, TX). Univariate Kaplan-Meier survival curves [33] were 

computed for two groups: 1) patients with anxiety and/or depression, and 2) patients with 

neither anxiety or depression, to evaluate the probability of achieving hypertension control 

as a function of time since meeting criteria for incident hypertension. Multivariate Cox 

proportional hazards regression analyses were conducted with robust estimates of the 

variance to obtain adjusted hazard ratios (HRs) and 95% confidence intervals (95% CIs) for 
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achieving hypertension control. Explanatory variables included presence/absence of anxiety 

and/or depression, patient sociodemographic and comorbidity variables, and provider 

characteristics. A sensitivity analysis was performed limited to patients with Stage 2 (severe) 

hypertension. Tests were considered significant at p<0.05. The proportional-hazards 

assumption for each model was tested using a generalized linear regression of the scaled 

Schoenfeld residuals on functions of time [34].

RESULTS

Descriptive data

A total of 4362 patients met criteria for inclusion (Table 1). Patients with anxiety and/or 

depression comprised 13% (n=573) of the study population. In contrast to those without 

anxiety and/or depression, patients with these diagnoses were more often younger, female, 

not married, current or former tobacco users, and more likely to have ever received 

Medicaid benefits. Those with anxiety and/or depression also demonstrated higher 

healthcare utilization with more annual primary care and specialty visits and higher mean 

ACG scores than those without either condition. Study data was available for a mean (SD) 

of 23 (14) months. Patients with anxiety and/or depression had a shorter mean follow-up of 

21 (14) months than patients without either condition, 23 (14) months (p<0.001). Among the 

patients identified as having anxiety and/or depression, 57% (n=327) had only anxiety coded 

per ICD-9 criteria and 24% (n=137) had only depression coded. The depression only group 

had higher healthcare utilization with 3.7 (2.3) primary care visits in the baseline year, 

compared to 1.8 (2.3) among the anxiety only group (p<0.001).

Incident hypertension control rates

Overall, 367 (64%) of patients with anxiety and/or depression and 2121 (56%) without 

either diagnosis achieved hypertension control (Figure 2). Rates of hypertension control 

were highest during the initial 12 months after meeting incident hypertension criteria. 

Among those who achieved hypertension control, the mean (standard deviation) time to 

control was 9.6 (8.4) months for patients with anxiety and/or depression and 11.2 (9.4) 

months for patients without either diagnosis.

Predictors of time to hypertension control

In both unadjusted and adjusted multivariate Cox proportional hazards regression analyses 

(Table 2), patients with anxiety and/or depression had a faster rate of hypertension control 

than those without either diagnosis (HR 1.22; 1.07–1.39). Other factors associated with 

faster hypertension control include female gender (HR 1.32; 1.20–1.44), no history of 

tobacco use (HR 1.17; 1.03–1.33), ever receiving Medicaid (HR 1.27; 1.09–1.49), and a 

higher ACG Risk Score (HR 1.13; 1.10–1.17). No statistically significant relationship was 

found between time to hypertension control and provider characteristics. In additional 

analyses with visit frequency (not ACG score) in the model, visit frequency remained a 

significant predictor (HR 1.11; 1.09–1.13, p<0.001) for faster hypertension control rates 

(full model not shown).
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Predictors of time to hypertension control in stage 2 hypertension

A subsequent analysis was performed limited to patients with Stage 2 hypertension 

(n=1758) to evaluate predictors of achieving hypertension control in patients with a greater 

severity of hypertension (Table 3). Patients with anxiety and/or depression continued to have 

a faster rate of hypertension control (HR 1.30; 1.01–1.66). Similar to our initial analysis, 

absence of tobacco use (HR 1.28; 1.04–1.58) and a higher ACG Risk Score (HR 1.12; 1.06–

1.17) also predicted faster rates of hypertension control.

DISCUSSION

To our knowledge, this is the first U.S. report of rates and associations of time to incident 

hypertension control among patients with anxiety and/or depression. Our most significant 

finding is that hypertension is controlled at a faster rate in patients with anxiety and/or 

depression than in those without either diagnosis. Our findings are consistent with a prior 

U.S. study which demonstrated that hypertension is detected earlier in patients with anxiety 

and depression [14]. In addition, a cross-sectional study from the European PREDIMED 

clinical trial (Effects of the Mediterranean Diet on the Primary Prevention of Cardiovascular 

Diseases) likewise demonstrated that patients with depression had better hypertension 

control than patients without a depression diagnosis [35].

The results of our study highlight the complex relationship between hypertension 

management and mental health diagnoses. One reason for faster hypertension control rates is 

likely a higher rate of healthcare utilization among patients with mental health diagnoses. In 

our study, patients with anxiety and/or depression had higher mean ACG risk scores, a 

measure of healthcare utilization, and ACG remained an independent predictor for faster 

hypertension control rates. Our results suggest that greater healthcare utilization may be one 

mechanism by which anxiety and/or depression leads to faster hypertension control, but not 

the sole reason. It has been previously established that patients with mental health disorders 

visit healthcare providers more frequently [36] and have a higher economic burden of 

healthcare utilization than those without mental health disorders [37]. We showed that 

patients with anxiety and/or depression had significantly more primary and specialty care 

visits. This higher visit frequency likely results in more blood pressure measurements, 

supporting timely blood pressure follow-up. Additional analysis among patients with only 

anxiety ICD-9 codes compared to patients with only depression coded, surprisingly 

demonstrated greater primary care use among patients with depression. However, this 

analysis is limited since it has been previously documented that the two conditions 

commonly coexist [7–9], but not accurately reflected in administrative data. It has also been 

reported that patients with hypertension on antidepressant medications have lower blood 

pressures compared to those not on these medications [38], possibly due to decreased 

baroreflex sensitivity and altered neuro-endocrine pathways which may partially explain our 

findings [35]. It was not feasible for us to further evaluate this due to a lack of medication 

data (anxiety/depression medications and antihypertensives were not available).

Our multivariate analyses demonstrated that women had a significantly faster rate of 

hypertension control than men. This is consistent with prior studies showing that women are 

more likely than men to be treated for hypertension [39], and that men have a comparatively 
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slower rate of antihypertensive medication initiation compared to women [40]. Patients 

without a history of tobacco use had faster hypertension control rates than current or former 

tobacco users. This finding is concerning because of the increased cardiovascular event risk 

associated with tobacco use [41,42].

One of the limitations of this study is the use of data from a single healthcare system, 

potentially limiting the generalizability of our findings. However, this healthcare system is 

one of the ten largest physician practices in the United States; in addition, our findings are in 

agreement with data from other healthcare systems within the U.S. and Europe [14,35]. 

Misclassification of hypertension or other comorbidities is a concern; however, the use of 

established algorithms decreases this risk. Our inclusion criteria, specifically the “currently 

managed” definition, may have resulted in a selection bias. Patients with more severe 

symptoms may have been excluded due to simultaneous use of multiple healthcare systems. 

The lack of ambulatory blood pressure data limits our ability to verify blood pressure 

control. Future studies assessing white coat and masked hypertension in this population 

would also be beneficial.

Conclusions

Patients with diagnoses of anxiety and/or depression demonstrated faster rates of incident 

hypertension control compared to patients without either mental health diagnosis. Greater 

healthcare utilization may contribute to timely blood pressure follow-up. Men and patients 

with current/former tobacco use demonstrated lower hypertension control rates, highlighting 

subpopulations that can be targeted to improve hypertension clinical care.
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Figure 1. 
Study Sample: Enrollment and Analysis

*WCHQ: Wisconsin Collaborative for Healthcare Quality
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Figure 2. 
Kaplan-Meier Analysis of Time to Hypertension Control
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