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Abstract

Objective—1) To test the association among depression symptoms, distressed personality-type,
and preoperative beta-blocker non-adherence. 2) To estimate the prevalence of untreated major
depression in this population.

Design—~Prospective Observational Study
Setting—A Veterans hospital
Patients—120 subjects on outpatient beta-blocker therapy presenting for surgery.

Interventions—The Patient Health Questionnaire (PHQ)-9, the D-Scale-14 (DS14), and
Modified Morisky Scale (MMS) questionnaires.
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Measurements and Main Results—Of 99 participants who presented for surgery, the
incidence of preoperative non-adherence was 14.1% (95% CI 7-21%), consistent with prior
research. Non-adherence was 9.5% among those with no depression, 27.8% among those with
mild depression, and 28.6% among those with moderate to severe depression (Cochrane-Armitage
test for trend p=0.03). Distressed personality-type was found in 35% of the cohort (95% CI 26—
45%) and was not associated with beta-blocker non-adherence (Fisher’s exact p=0.24). Among
participants with symptoms of Major Depressive Disorder (N=25, 25.3%), over half (N=14, 56%)
had no indication of depression listed at their most recent primary care visit.

Conclusions—~Patients with symptoms of depression on chronic beta-blocker therapy are prone
to medication non-adherence on the day of surgery. The majority of surgical patients with
symptoms of major depression lack a diagnosis of depression. Preoperative depression screening
may thus 1) identify a population at increased risk of beta-blocker withdrawal and 2) identify
patients who may benefit from anesthesiologist-initiated referral for this treatable condition.

Keywords

beta-Adrenergic Blockers; Depression; Preoperative Care; Medication Adherence; Preventive
Medicine

INTRODUCTION

Preoperative beta-blocker non-adherence is a common and potentially modifiable behavior
that may predispose patients to adverse perioperative cardiovascular events.1-10
Preoperative beta-blocker withdrawal has previously been shown to occur in 9-31% of
surgical patients prescribed chronic outpatient beta-blockers.1! Discontinuous use of
perioperative beta-blockade has been associated with increased perioperative mortality.10 It
is therefore important to understand patient characteristics that may increase the likelihood
of medication non-adherence, particularly in those patients who present for surgery from
home and who therefore may not benefit from in-hospital electronic decision-support
initiatives.

In the non-surgical outpatient population, depression is one patient factor that has previously
been identified to increase risk for medication non-adherence to cardio-protective
medications.12-15 Within the surgical context, depression has been linked to delirium and
post-operative cognitive dysfunction,16:17 but its potential association with preoperative
medication non-adherence has remained unexplored. Similarly, the distressed personality-
type known as “Type D personality” — a well-validated personality-type characterized by
negative affectivity and social inhibition8 - has been associated with poor medication
adherence and unhealthy lifestyle choices outside of the perioperative milieu among patients
with ischemic heart disease. Again, however, the association of Type-D personality and
medication non-adherence has not been examined in perioperative patients.1%-21 The
connections among emotional distress, social inhibition, depression, and cardiovascular
health continue to be intensively studied in the cardiology literature,22-28 and such literature
may carry particular relevance within the perioperative period — a timeframe that is
frequently experienced as highly stressful for patients and their families and that is known to
be associated with acute increases in the incidence of major adverse cardiac events.
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If depressive symptoms or the distressed personality-type are shown to be associated with
increased rates of preoperative beta-blocker non-adherence, then screening for these
conditions would assume added importance within the preoperative testing environment.
Moreover, if significant numbers of patients with previously undetected depression
symptoms or emotional distress could be identified during preoperative evaluations, then the
preadmission testing clinic could present a valuable opportunity for care coordination
between perioperative physicians and primary care doctors for longitudinal treatment of
depression - a disease that is common, treatable, and associated with significant morbidity.
Similar anesthesiologist-initiated care coordination efforts have been encouraged to promote
smoking cessation?%-31 and to improve treatment of hypertension32:33 among surgical
patients. Each of these care coordination initiatives that target long-term improvement in
health outcomes among surgical patients may provide a further justification for the
anesthesiologist’s central role in the relatively nascent concept of the Perioperative Surgical
Home,33-36

Accordingly, the purpose of this prospective, observational study was 1) To test the
association of preoperative depression symptom severity and Type-D personality, with day-
of-surgery beta-blocker non-adherence in patients on chronic beta-blocker therapy, and 2) to
measure the prevalence of untreated major depression symptoms among this population.
Secondary aims were to test 1) the association between depression symptom severity and
self-reported knowledge and motivation about beta-blocker usage, and 2) the association
between perioperative beta-blocker non-adherence and day of surgery vital signs.

METHODS

This study was approved by the appropriate Institutional Review Boards of the study
institutions. Patients with an active prescription for outpatient beta-blocker therapy who
presented to the preadmission testing clinic at a tertiary care VA medical center between
May 2011 and August 2012 were eligible for inclusion. Potential subjects proceeded through
their standard preoperative testing visit. As part of each visit, patients received both verbal
and written instructions to continue taking their beta-blocker medication as directed, up to
and including the day of surgery (or the evening prior to surgery in the case of once-daily
evening dosing). At the conclusion of their preadmission testing visit, eligible patients were
approached about study participation.

After obtaining written informed consent, study participants were asked to complete a brief
psychometric battery that included the Patient Health Questionnaire-9 (PHQ-9),37 a
validated 9-item self-report scale that has been used as a brief instrument to assist primary
care physicians in diagnosing, monitoring, and tracking the severity of depression
symptoms. The PHQ-9 has been shown to have superior discriminative power versus other
comparable instruments.38 It has been extensively validated in multiple populations against
trained interviewers using the Diagnostic and Statistical Manual of Mental Disorders V-
Text Revision (DSM-IV-TR),3? with a cutoff score of 10 or higher demonstrating both a
sensitivity and specificity of 88% for Major Depressive Disorder (MDD).37 Patients were
also asked to complete the D Scale-14 (DS-14),18 a validated 14-item self-report scale used
to assess for the presence of Type-D personality, a distressed personality-type characterized
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by negative affectivity and social inhibition, and that has been associated with poor
cardiovascular outcomes independent from depression.#0-49 Patients were also asked to
complete the Modified Morisky Scale (MMS),?0 an expanded 6-question version of the
Morisky Medication Adherence scale,®! a self-report instrument designed to measure
medication adherence.. The MMS questionnaire contains 6 yes/no items, 3 addressing
knowledge about a medication and 3 addressing motivation for taking a medication. Each
set of 3 items is scored separately, with scores of 0-1 indicating low knowledge/motivation
and scores of 2-3 indicating high knowledge/motivation, respectively.

On the day of surgery, participants were asked if they took their most recent beta-blocker
dose, and their blood pressure and heart rate were recorded by their treating clinician.
Additional perioperative blood pressures and heart rates, comorbidities, and the presence or
absence of a prior diagnosis of depression were recorded based on manual chart reviews
conducted by the study investigators. Blood pressure and heart rate measurements were
obtained for the following four time points: 1) from the most recent primary care visit, 2)
upon arrival to the hospital prior to entering the preoperative holding area, 3) on entrance to
the operating room, and 4) maximal blood pressures and heart rates in the operating room.
Preoperative blood pressures were measured by a non-invasive automated oscillometric
blood pressure cuff. Intraoperative blood pressure measurements were done at the discretion
of the anesthesia provider. Maximal intraoperative values were determined by review of the
manually recorded intraoperative anesthesia records. Participants were coded as having
depression if a provider had listed depression in the past medical history or problem list, or
if the participant was prescribed an antidepressant medication in the absence of an indication
for such medication other than depression.

The primary aims were to test the association of PHQ-9-assessed depression symptom
severity and Type-D personality with preoperative beta-blocker non-adherence and to
measure the prevalence of untreated major depression symptoms among this population.
Secondary aims were to test 1) the association between depression symptom severity and
self-reported knowledge and motivation about beta-blocker usage, and 2) the association
between perioperative beta-blocker non-adherence and day of surgery vital signs.

Following the Veterans Affairs/Department of Defense (VA/DoD) clinical practice
guidelines for interpreting the PHQ-9 questionnaire,52 PHQ-9 scores are typically classified
into a 4-level ordinal variable of depression symptom severity as follows: Scores of 0-9 are
classified as “no depression or remission,” scores of 10-14 are classified as “mild
depression symptoms,” scores of 15-19 are classified as “moderate depression symptoms,”
and scores of 20-27 are classified as “severe depression symptoms”®2 Due to a paucity of
scores above 20, we chose to combine moderate and severe depressive symptoms into a
single category. Type-D or distressed personality-type was determined as present or absent
based on DS-14 scores as previously described, 8 with scores for both negative affectivity
and social inhibition greater than 9 required for the finding of the presence of Type-D
personality. Preoperative beta-blocker adherence was determined as yes or no based on
participant self-report on the day of surgery regarding the most recently scheduled dose. The
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Cochrane-Armitage test for trend was used to measure the possible association between the
ordinal PHQ-9 depression severity variable and likelihood of beta-blocker non-adherence.
The Fisher’s Exact Test was used to test the association between beta-blocker non-
adherence and Type-D personality.

Descriptive statistics are reported as N (percent) or mean (SD). Hypothesis tests for
significant associations or differences among groups are based on the Cochrane-Armitage
test for trend, Fisher’s Exact Test, or the Mann-Whitney U Test as indicated. All p-values
are reported for two-tailed tests with p<0.05 considered the threshold of statistical
significance without correction for multiple comparisons.

Of 120 patients consented into the study, day of surgery data were available for 99. Of the
21 excluded participants, 17 did not have surgery as scheduled, 2 had their beta-blocker
stopped by a treating clinician prior to the day of surgery, and 2 had missing data (see
Consort Diagram, Figure 1).

The mean age of the sample was 69.3 (+10.5) years and ranged from 33 years to 89 years,
96 (97.0%) were male, and 15 (15.1%) were scheduled for cardiac or vascular surgery
(Table 1). The most commonly prescribed beta-blocker types were metoprolol (N=59,
59.6%), followed by atenolol (N=29, 29.3%), with the remaining participants prescribed
either carvedilol (N=6, 6.1%) or propranolol (N=5, 5.1%). Table 1 provides a descriptive
summary of the study cohort stratified by beta-blocker adherence. Adherent and non-
adherent participants demonstrated similar demographic and comorbid characteristics across
all baseline variables with the exception that significantly more in the non-adherent group
carried the diagnosis of coronary artery disease (85.7% vs. 52.9%, p = 0.04).

Based on PHQ-9 scores, 74 (74.7%) participants scored as “no depression or remission”
versus 25 (25.3%) with scores of 10 or higher, indicating depression symptom severity in
the MDD range. When stratified in accordance with VA/DoD depression severity categories,
18 (18.2%) endorsed “mild depression” and 7 (7.1%) endorsed “moderate or severe
depression.”

Primary outcomes analysis

The overall incidence of preoperative beta-blocker non-adherence in the study population
was 14.1% (95% CI 7-21%), which is consistent with prior research.1! The incidence of
beta-blocker non-adherence was 9.5% (95% CI 4.2-19.1%) among participants with no
depression/remission, increasing to 27.8% (95% CI 10.7-53.6%) among participants with
mild depression symptoms, and 28.6% (95% CI 5.1-69.7%) among participants with
moderate/severe depression symptoms. The trend increase of non-adherence with increasing
depression symptom severity demonstrated statistical significance (the Cochrane-Armitage
test for trend p=0.03, see Figure 2). The statistical significance of this association persisted
in alternative analyses when treating depression symptom severity either as a dichotomous
variable or as a 4-level ordinal variable.
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DS-14 scores demonstrated a prevalence of Type-D personality of 35% (95% CI 26-45%)
which is consistent with other populations. Although a higher proportion of participants who
were non-adherent to their beta-blocker therapy were positive for Type-D personality as
compared to the adherent group (50% vs. 33%), the association did not reach statistical
significance (Fisher’s exact test p=0.24).

Regarding the prevalence of undiagnosed major depression, of the 25 participants who
scored positive for symptoms consistent with Major Depressive Disorder, the majority
(n=14; 56%) had no indication of depression listed at their most recent primary care visit.

Secondary Outcomes

Modified Morisky Scale: Of the overall sample, 22 (22.2%) reported low motivation to take
their beta-blockers, while 98 (99.0%) reported a high degree of knowledge about their beta-
blockers. There was a significant, inverse correlation between depression symptom severity
and motivation toward beta-blocker adherence. Specifically, 14.9% of participants with no
depression/remission, 38.9% with symptoms of mild depression, and 57.1% with moderate
to severe depression symptoms reported low motivation toward beta-blocker adherence
(Cochrane-Armitage test for trend p=0.001).

Vital Signs—There was no significant association of self-reported beta-blocker adherence
with either preoperative, initial operating room, or maximal intraoperative blood pressure or
heart rate. This may have been due to the fact that hemodynamic management was left to the
discretion of individual anesthesia providers who provided intravenous beta-blockade to
greater than 90% of participants reporting beta blocker non-adherence. In a post hoc finding,
when the most recent preoperative primary care heart rate was incorporated into the analysis
(N=95), the difference between the most recent primary care visit heart rate and maximum
operating room heart rate was higher for those reporting non-adherence than for those
reporting adherence (+15.8 bpm in the non-adherent group vs. +2.5 bpm in the adherent
group; p=0.01). See Table 2 for summary of vital signs data.

DISCUSSION

We observed a clinically significant dose-response relationship between the severity of
preoperative depression symptoms and the likelihood of preoperative beta-blocker non-
adherence among surgical patients. There was no statistically significant association
between the Type-D personality-type and beta-blocker adherence. Overall rates of
preoperative beta-blocker non-adherence in the present study were consistent with prior
research,11 demonstrating the reproducibility of estimates of the incidence of this
phenomenon and supporting the notion that there is a need for more research focusing on
medication non-adherence in the surgical context. In a post hoc analysis, among participants
reporting beta-blocker non-adherence, the mean increase in maximal intraoperative heart
rate was +15.8 beats per minute versus +2.5 beats per minute among adherent participants,
suggesting the potential clinical significance of beta-blocker adherence among high-risk
populations.? Tight heart rate control among high risk patients may prevent major adverse
cardiac events, and if clinicians wrongly assume that their patients are taking beta-blockers
as directed, they may be less vigilant about the potential for rebound tachycardia associated
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with beta-blocker withdrawal.”:8 Moreover, the finding that almost 1 in 7 participants did
not follow this single preoperative instruction suggests that further research regarding
adherence to other preoperative instructions and the accompanying effects on perioperative
safety and efficiency may be warranted.

Regarding the issue of screening for undiagnosed Major Depressive Disorder in the
preoperative environment, we found that among participants who scored positive for
symptoms consistent with Major Depressive Disorder (N=25, 25.3%), more than half
(N=14, 56%) had no indication of a depression diagnosis listed at their most recent primary
care visit. This finding may carry implications for the role of anesthesiologists as important
members of the longitudinal healthcare team who can impact patient health beyond the
immediate perioperative period. Echoing our prior findings of a significant incidence of
undiagnosed hypertension among surgical patients,33 our present findings again suggest that
the preoperative visit provides a unique opportunity for anesthesiologists to intervene in the
longitudinal well-being of surgical patients by communicating important findings of
possible undiagnosed chronic diseases back to primary care providers. It should be noted,
however, that high PHQ-9 scores in the present study represented a cross-sectional
measurement of depression symptom severity that did not conclusively indicate the presence
of major depressive disorder. While the PHQ-9 is a well-validated metric that has good
discriminative properties for the diagnosis of major depressive disorder, a high PHQ-9 score
in itself is neither necessary nor sufficient to confer the diagnosis of major depressive
disorder. Further studies are needed to measure the effects of anesthesiologist-initiated
primary care referrals, but analogous care coordination interventions have been shown to
improve chronic disease outcomes in several other healthcare contexts,30:53-60

Finally, we found a very high rate of knowledge about beta-blockers among our cohort in
contrast to significant numbers of participants with low motivation for beta-blocker
adherence, perhaps suggesting a fruitful direction for future interventions to increase pre-
surgical beta-blocker adherence. Patients who present for surgery with significant depressive
symptoms and lack of motivation may benefit from established and highly effective methods
to improve motivation for following preoperative instructions, rather than efforts to simply
make these instructions easier to understand. Similar suggestions have emerged from a
recent qualitative study that looked at perspectives on non-adherence between heart failure
patients and their treating physicians in which patients perceived themselves as
“understanding what to do but needing help with how to carry out [instructions]” whereas
doctors perceived patients as “not understanding... and therefore needing more repetition of
knowledge-based instructions.”81 The present study offers some support to the
generalizability of such findings to the preoperative physician-patient encounter.

Left open is the question of whether improving pre-operative beta-blocker adherence will
improve patient outcomes. Our secondary analyses did not convincingly demonstrate that
self-reported non-adherence had a clinically meaningful effect on vital signs. Although the
maximal operating room heart rate was only marginally higher than a recent primary care
measurement among adherent participants, it was substantially higher for non-adherent
participants. In a recent study of a large cohort of United States Veterans, London, et al.
noted an approximate doubling of mortality risk among Veterans who were withdrawing
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from beta blockers during the perioperative period.2 The extent to which beta-blocker
withdrawal may be associated with potentially harmful increases in intraoperative heart rates
is a controversy that the present study was not designed to answer. Interestingly, there was
no association found between beta-blocker adherence and any of the other vital signs
measurements that were examined (Table 2). It should be emphasized however, that day of
surgery hemodynamic management was left to the discretion of individual providers, and
our vital signs comparisons may have been confounded by our post hoc observation that
93% of participants who reported non-adherence in the present study received intravenous
beta-blockade from their anesthesia provider at some point during the day of surgery.
Perhaps then, the most generalizable finding from the present data is that patients presenting
for surgery are often depressed and untreated for it. Regardless of whether a patient is taking
a beta-blocker, referral for untreated depression symptoms is likely to be a low-risk
intervention with potentially important rewards in the lives of surgical patients.

The present study has several limitations that deserve highlighting. Most obviously, the
modest sample size and 17.5% rate of drop out leave our observational findings prone to
selection bias that may have distorted the results either toward or away from the association
between depression symptom severity, Type-D personality, and beta-blocker non-adherence.
In addition, the decision not to correct for multiple comparisons, while common in
exploratory studies of this type, leaves our findings prone to inflated Type-1 error. The study
results reported herein should therefore be viewed as suggestive findings within a limited
cohort of surgical patients rather than definitively established and broadly generalizable
conclusions. If our findings are confirmed, however, they may carry important implications
for the preoperative care of surgical patients and for the role of anesthesiologists within the
perioperative surgical home.

Also, our assessment of beta-blocker adherence was limited to the most proximate scheduled
dose prior to surgery. It would have been useful to obtain a more longitudinal measure of
beta-blocker non-adherence in these patients, as it is quite possible that many non-adherent
subjects were regularly not taking their medications. For this group, day-of-surgery
adherence would have represented acute initiation of beta blockade rather than acute
withdrawal as we assumed. Moreover, an expanded analysis of reasons for non-adherence
such as assessments of specific side-effects due to beta-blockade would offer more nuanced
guidance for future interventions aimed at improving rates of perioperative beta-blocker
adherence. In addition, it would be of interest in future studies to stratify subjects by severity
of surgery and to attempt to determine whether some depressed feelings may have been due
to the acute surgical condition in the absence of a longitudinal depressive syndrome.

A further limitation is that our study population included only United States military
veterans who represent a unique and predominantly male population which may impact the
generalizability of these results to surgical populations outside of the VA system.%3 In
addition to their male predominance, US Veterans also exhibit higher rates of post-traumatic
stress disorder (PTSD), depression, and other mental health diagnoses as compared to the
general US population. PTSD and depression may also interact to affect behavior among
combat veterans in ways that are not frequently seen in non-Veterans. Despite this
limitation, it bears pointing out that the VA population included approximately 8.6 million
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enrollees as of 2011,54 so that even in the extreme case that our findings were entirely
limited in their relevance to the VA population, they would still be applicable to patients
within the largest single healthcare system in the United States.

In conclusion, among surgical patients on chronic beta-blocker therapy presenting to a
preadmission testing center, the severity of depression symptoms significantly correlated
with the likelihood of pre-surgical beta-blocker non-adherence. Moreover, many patients
who endorsed a level of depressive symptom severity consistent with Major Depressive
Disorder lacked a diagnosis or treatment for depression from their primary care providers.
Future research is needed to determine whether anesthesiologist-initiated depression
screening and subsequent communication with primary care providers may confer health
benefits to surgical patients both by means of improved perioperative cardiovascular
protection and improved mental health treatment long after the surgical encounter has
passed.
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analysis

Data for a total of 120 consented
patients who presented for surgery
from home were screened for

17 subjects did not have their surgery as
scheduled.

2 subjects had their beta-blocker stopped

A\ 4

v

prior to the day of surgery by a treating
clinician.

2 patients had missing documentation.

99 subjects were included in the analysis.

14 subjects failed to take their most
proximate beta-blocker dose preceding

surgery.

Figure 1.
Flow diagram of patient screening and analysis.

85 subjects took their beta blocker as
directed.
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Figure 2.
The relationship between the rate of beta-blocker non-adherence and preoperative

depression symptom severity. Error bars indicate 95% Confidence Intervals. P for trend =
0.03.
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Table 1
Descriptive Characteristics of Cohort
Variable Full Cohort | Adherent Non-
Adherent
(N=99) (N=85) (N=14)
Mean(SD) Mean(SD) | Mean(SD) or
or N(%) or N(%) N(%)
Age 69.3(10.5) | 68.8(105) | 72.0(10.1)
Male Gender 96 (97.0%) | 82(96.5%) | 14 (100%)
Type of Beta Blocker
Atenolol 29 (29.3%) | 24 (28.2%) | 5 (35.7%)
Metoprolol 59 (59.6%) | 52 (61.2%) | 7 (50.0%)
Other 11 (11.1%) | 9 (10.6%) 2 (14.3%)
Cardiac or Vascular Surgery 15 (15.1%) | 11 (12.9%) 4 (28.6%)
Comorbidities
Hypertension 89 (89.9%) | 77 (90.6%) 12 (85.7%)
Congestive Heart Failure 10 (10.1%) 8 (9.4%) 2 (14.3%)
Coronary Artery Disease 57 (57.6%) | 45 (52.9%) 12 (85.7%)
Chronic Renal Insufficiency 4 (4.0%) 4 (4.7%) 0 (0%)
Diabetes 45 (45.5%) | 38 (44.7%) | 7 (50.0%)
Psychiatric Diagnoses
Depression 25(25.3%) | 21 (24.7%) 4 (28.6%)
Anxiety 12 (12.1%) | 10 (11.8%) | 2 (14.3%)
Post Traumatic Stress Disorder | 12 (12.1%) | 10 (11.8%) 2 (14.3%)
Psychosis 3 (3.0%) 3(3.5%) 0 (0%)
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Table 2
Vital Signs Data
Vital Sign Adherent Non- P for difference
Mean (SD)  Adherent ~ Mann Whitney
Mean (SD) U Test

PRIMARY CARE VITAL SIGNS N=95 N=95

Heart Rate 73.4(15.1)  67.1(13.3) 0.14
Systolic Blood Pressure 128.1(16.7) 128.9(24.3) 0.83
Diastolic Blood Pressure 71.7(13.2) 69.8(12.0) 0.55
INITIAL DAY OF SURGERY VITAL SIGNS N=99 N=99

Heart Rate 69.4(12.4)  68.3(13.9) 0.56
Systolic Blood Pressure 132.8(27.2) 129.1(23.5) 0.61
Diastolic Blood Pressure 72.8(15.1) 69.9(13.5) 0.42
FIRST VITAL SIGNS OR N=99 N=99

Heart Rate 67.8(10.9) 67.4(8.1) 0.94
Systolic Blood Pressure 140.1(28.2)  147.4(19.1) 0.36
Diastolic Blood Pressure 79.0(16.8) 75.3(12.4) 0.34
MAXIMAL VITAL SIGNS OR N=99 N=99

Heart Rate 76.2(11.4)  80.6(16.8) 0.53
Systolic Blood Pressure 144.6(24.0) 151.2(24.2) 0.35
Diastolic Blood Pressure 78.5(13.3) 75.1(15.2) 0.44
DIFFERENCE IN DIFFERENCE ANALYSIS N=95 N=95

Maximal OR-Primary Care Heart Rate +2.5(14.7)  +15.8(17.4) <0.01
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