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Objective: Depression after acute myocardial
infarction (MI) is independently associated
with cardiac mortality, but the mechanism
explaining this association remains unclear. To
our knowledge, there has been no prior study
exploring the impact of post-MI depression
on lipid lowering, a key secondary prevention
measure in post-MI patients. In this prospective
observational cohort pilot study, we hypothesized
that patients with early post-MI depression would
have inferior cholesterol reduction 6 months
post-MI compared to nondepressed patients.
Method: Patients admitted to a cardiac
intensive care unit or a cardiac step-down unit
between October 2003 and July 2005 were
enrolled in the study within 72 hours of MI.
Two weeks post-MI, subjects were assessed for
depression using the module for current major
depressive disorder (MDD) from the Structured
Clinical Interview for DSM-IV Axis I Disorders
(SCID) and the Beck Depression Inventory-II
(BDI-1I). Information regarding cholesterol
levels was collected 6 months after MI.
Results: Initial and 6-month cholesterol
levels were available for 70 subjects who had
2-week post-MI depression assessments. Post-MI
depression, measured both using an interview
for MDD and the BDI-II, was associated with
inferior cholesterol reduction, with depressed
subjects improving their cholesterol levels by
approximately 8 mg/dL compared to a cholesterol
reduction of 37 mg/dL in nondepressed subjects.
Furthermore, depression diagnosed by formal
MDD interview (=-.301; P<.001) and the BDI-
II (B=-.269; P=.001) continued to be associated
with significantly smaller reductions in cholesterol
levels on linear regression analyses that accounted
for demographic and medical variables.
Conclusions: In this exploratory pilot
study, early post-MI depression was
independently associated with impaired
lipid lowering 6 months after MI.
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A critical intervention for patients who have
suffered acute myocardial infarction (MI) is

the early and aggressive lowering of cholesterol levels.
Cholesterol-rich atherosclerotic plaques underlie the
primary mechanism for acute MI, and hyperlipidemia
is a clear risk factor for the development of future ML
Furthermore, early and aggressive lowering of lipids
following acute MI is associated with superior outcomes
compared to a less aggressive lipid-lowering approach.”

Despite the favorable effects of aggressive lipid
lowering, not all patients achieve target lipid levels
following acute MI. The reasons for this finding are
multifactorial; however, one phenomenon that may
mediate impaired post-MI lipid lowering is depression, a
common comorbid condition among post-MI patients.
Depression following MI has been independently
associated with cardiac morbidity and mortality in
the months and years following the cardiac event.’

The mechanisms by which depression is linked with
inferior cardiac outcomes are not yet fully clear but are
likely a combination of depression’s physiologic effects
on the cardiovascular system and impaired adherence

to medical recommendations. With respect to these
behavioral effects, post-MI patients with depression have
been found to have significantly lower adherence to a
low fat diet, exercise recommendations, and medications
compared to nondepressed patients,* potentially

leading to impaired lipid lowering in these patients.

To our knowledge, no prior study has specifically
evaluated the association of early post-MI depression
with cholesterol lowering in the months after
discharge. In this pilot study, we evaluated patients
for depression in the early post-MI period and
collected data on cholesterol levels 6 months after
MI. We hypothesized that patients with early
post-MI depression would have significantly less
improvement of cholesterol levels at 6 months
compared to post-MI patients without depression.
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CrinicaL PoinTs

¢ Depression appears to be associated with an inability to lower cholesterol levels after

myocardial infarction (MI).

¢ To enhance lipid lowering in patients with depression after MI, clinicians should
aggressively treat depression and maintain a focus on helping the patient adhere to
recommendations for lipid lowering (eg, diet, exercise, and medication adherence).

METHOD

Procedures and Subjects

This exploratory prospective observational cohort
study was approved by the Institutional Review Board
of Massachusetts General Hospital, Boston. Patients
admitted to the Massachusetts General Hospital Cardiac
Intensive Care Unit or Cardiac Step-Down Unit between
October 2003 and July 2005 with a primary diagnosis
of MI were recruited and evaluated within 72 hours of
symptom onset. For this pilot study, patients were not
consecutively recruited; rather, unit physicians were
regularly approached by study staff on weekdays to
determine whether new MI patients had been admitted.
If such a patient was identified, per Institutional Review
Board regulations, treatment team members asked the
eligible patient whether he or she was amenable to being
approached for the study, after which full informed
consent was obtained. Eligible patients met at least 2 of the
3 consensus criteria’ for an acute MI: typical chest pain,
elevated cardiac biomarkers (troponin T>0.10 ng/mL or
CPK-MB2 1.5 times the upper limit of the normal range),
and electrocardiographic changes consistent with MI.

Exclusion criteria included patients with peri-
procedural MIs, patients who had cognitive difficulties
precluding informed consent or completion of a
psychiatric interview, and those too medically unstable to
complete the interview. Patients with a current substance
use disorder were also excluded to reduce the possibility
of substance use as a cause of psychiatric symptoms.

Study staff performed telephone follow-up
evaluations 2 weeks after initial entry into the study.

To allow both categorical and continuous measures
of depression, 2 depression instruments were used:
(a) the module for current major depressive disorder
(MDD) from the Structured Clinical Interview

for DSM-IV Axis I Disorders (SCID)® and (b)

the Beck Depression Inventory-1I (BDI-IT).”

We selected formal diagnostic interview (via the
SCID module for MDD) because it is the DSM-IV-based
gold standard for a categorical diagnosis of depression
and additionally used the BDI-II because it provides a
continuous, quantitative measure of depression severity.
The BDI-II was used as a continuous variable for the
primary statistical analysis; when it was evaluated as
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a categorical variable (eg, for comparison of means
in the preliminary analysis), a BDI-II score > 14 was
used as a cutoff for depression on the basis of the use
of this cutoff in a prior study of cardiac patients.®
Experts have noted that some patients with depression
in the immediate post-MI period (eg, in the hospital)
have spontaneous improvement in depression scores.”
To ensure that patients’ depressive symptoms were
persistent (rather than a transient syndrome ending
shortly after discharge from the hospital), we measured
depressive symptoms 2 weeks after MI and required
subjects to meet full criteria for current MDD (ie, having
symptoms of at least 2 weeks’ duration) at follow-up.

Chart Review

At the end of the hospitalization, subjects’ medical
records were reviewed to obtain information regarding
potential confounding variables to control for their
effects on cholesterol levels at 6 months: age, gender,
subjects’ admission cholesterol levels, prior history of
hyperlipidemia, and left ventricular ejection fraction
(LVEF) (as a measure of overall cardiac illness severity).
As part of standard clinical care for MI patients, fasting
cholesterol levels were obtained on the morning
after admission, and the results were reported in,
and collected from, the electronic medical record.

Cholesterol Data

At enrollment, subjects provided consent for study
staff to contact their primary physician to gather medical
information (eg, current medications, including lipid
agents) and 6-month fasting cholesterol levels when
obtained as part of clinical care. At the end of the 6-month
study period, study questionnaires inquiring about
medical information and cholesterol levels were faxed
to the physicians’ offices and collected by study staff. In
addition, we also collected data on whether subjects were
prescribed lipid-lowering agents at 6 months to account
for this variable in statistical analysis. Cholesterol subsets
(high-density lipoprotein [HDL], low-density lipoprotein
[LDL]) were not obtained as part of clinical care in a
number of cases, and given the already small number of
subjects in the trial, we thus chose to only evaluate total
cholesterol levels for the purposes of this pilot study.

Prim Care CompanionJ Clin' Psychiatry 2010;12(1)



Statistical Analysis

Data analysis was carried out using SPSS for
Windows, Release 16.0.1 (SPSS Inc, Chicago,

Illinois). All statistical tests were 2-tailed, and
a P value <.05 was considered significant.

Missing data. Cholesterol levels were not available
for all subjects, and not every subject followed up with
the depression evaluation. For this reason, we needed
to determine whether cholesterol values/depression
data were missing at random. We conducted a series of
multiple logistic regression analyses with dichotomous
variables (yes/no) for obtaining these data.

First, we attempted to determine if obtaining a
6-month cholesterol value (n=81) was associated with
obtaining 2-week depression data (n=105). In this
analysis, we used obtaining a 6-month cholesterol value
as the dependent variable, and all relevant covariates
were included in the model, including a dichotomous
variable for obtaining 2-week depression data. Obtaining
the 6-month cholesterol level was not associated with
obtaining the 2-week depression data, suggesting that the
data were missing at random. Next, we evaluated whether
obtaining a 6-month cholesterol value was associated with
2-week BDI-II depression scores or initial cholesterol
levels (ie, to determine whether depression or initial
lipid levels predicted whether 6-month cholesterol values
were obtained). With all covariates in the model, neither
2-week depression data nor initial cholesterol levels were
associated with obtaining a 6-month cholesterol level,
again suggesting that the data were missing at random.
On the basis of these findings, use of the observed data
in our primary analysis can be considered valid.

Comparison of mean changes in cholesterol levels
(admission cholesterol level compared to 6-month
cholesterol level) between depressed and nondepressed
subjects. Descriptive statistics were compiled, and
differences in the mean change in cholesterol levels
(the mean initial cholesterol level for the study
sample minus the mean 6-month cholesterol level for
the sample) between depressed and nondepressed
subjects were investigated using analysis of variance.

In these initial comparisons, depression was defined
categorically, with a first analysis using the SCID
diagnosis of MDD to denote depression and a separate
analysis using BDI-II scores at 2 weeks’ post-MI

(with a score> 14 used as a cutoff for depression).

Primary analysis: exploration of independent
associations between post-MI depression and change in
cholesterol levels. We performed 2 sets of analyses via
multiple linear regression to determine the relationship
between post-MI depression at 2 weeks and the change
in cholesterol levels at 6 months, adjusting for possible
confounders. We first used formal MDD diagnosis
to define depression and then used BDI-II scores
(as a continuous variable) to define depression.

Prim’' Care Companion J Clin Psychiatry 2010;12(1)

PSYCHIATRIST.COM

Huffman et al

To avoid overfitting given the sample size,"” 6
covariates in addition to 2-week depression data were
included in the adjusted model. These 6 covariates were
age, gender, prior history of hyperlipidemia, admission
cholesterol level, LVEF, and taking a lipid-lowering agent
at 6 months. All variables included in the linear regression
were entered in hierarchical fashion, with demographic
variables (age, gender) entered in the first block, medical/
cardiac variables (initial cholesterol level, hyperlipidemia,
lipid-lowering agent prescription at 6 months, and LVEF)
entered in the second block, and the psychological
variable (MDD or BDI-II scores) entered last.

RESULTS

One hundred thirty-one subjects enrolled in the initial
study. Two subjects were excluded from participation
in this analysis because they did not have LVEF data
available. Of the 81 subjects who had cholesterol levels,
2-week follow-up data were obtained for 70 (86.4%) of
the subjects. Approximately 9% had persistent MDD at
2 weeks, and 17% had an elevated (> 14) 2-week BDI-II
score. Baseline characteristics of subjects with and without
current BDI-II depression are compared in Table 1. There
were no significant differences in measured baseline
demographic or medical variables between depressed and
nondepressed subjects, and characteristics were similar for
those with and without SCID-diagnosed current MDD.
All subjects were prescribed lipid-lowering agents (statins)
at discharge, and nearly all (97.1%) were prescribed
statins at 6 months, including all subjects who met
depression criteria by MDD diagnosis or BDI-II score.

Comparison of Mean Changes in Cholesterol Levels

We first used the SCID diagnosis of MDD as a measure
of depression comparing mean 6-month change in
cholesterol levels between those patients with and without
MDD at 2-week follow-up (Figure 1). The nondepressed
subjects’ (n=64) change in cholesterol (initial: 164.2
mg/dL; 6 months: 129.6 mg/dL; change: 34.6 mg/dL
[21.1%]) was greater than that seen in depressed subjects
(initial: 171.2 mg/dL; 6 months: 164.7 mg/dL; change:
6.5 mg/dL [3.8%]). Total 6-month cholesterol levels were
significantly higher in the depressed group (F=8.13;
P=.006), although between-group differences in the
change in cholesterol levels were not significant (F=2.61;
P=.11) given the small number of depressed subjects.

We then used BDI-II scores as a measure of
depression (Figure 2) using a BDI-II score > 14 as a
cutoff for depression. Subjects without depression at
2 weeks (n=58) had a mean decrease in cholesterol
from 165.7 mg/dL (initial) to 128.5 mg/dL (6 months),
representing a drop of 37.2 mg/dL (22.5%). Subjects
with depression at 2 weeks via BDI-II (n=12) had a
mean decrease in cholesterol from 160.5 mg/dL to 152.2
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Table 1. Comparison of Baseline Characteristics of Study Subjects (N=70) With and Without Depression
2 Weeks After Myocardial Infarction (MI)

Depressed
(BDI-II score > 14, Nondepressed
Variable n=12) (n=58) P
Demographic
Age, mean (SD), y 62.1(12.0) 61.9 (7.0) 232
Gender, male, n (%) 8(66.7) 48 (82.8) 205
Living alone, n (%) 4(25.0) 18 (31.0) .678
Medical
Diabetes mellitus, n (%) 2(16.7) 7 (12.1) .665
Hypertension, n (%) 7 (58.3) 33 (56.9) 927
Hyperlipidemia, n (%) 9 (75.0) 37 (63.8) 457
Current smoker, n (%) 2(16.7) 14 (24.1) 575
Prior MI, n (%) 3(25.0) 6(10.4) 167
Peak troponin T level, (median: 25th-75th percentile), ng/dL 2.06 (.685-6.26) 3.11 (.830-.819) 495
LVEF (median: 25th-75th percentile), % 48.0 (34.5-60.0) 55.0 (44.0-65.0) 573
Prescription of lipid agent (in hospital), n (%) 12 (100) 58 (100) NA
Prescription of lipid agent (6 mo), n (%) 12 (100) 56 (96.6) 514
BDI-II score (2 wk) (median: 25th-75th percentile) 21.5 (14.8-32.5) 4.0 (2.0-6.3) <.001

Abbreviations: BDI-II = Beck Depression Inventory-II, LVEF =left ventricular ejection fraction, NA =not applicable.

Figure 1. 6-Month Change in Cholesterol Levels in Depressed Figure 2. 6-Month Change in Cholesterol Levels in Depressed
(MDD diagnosis) and Nondepressed Patients (mean initial (BDI-II scores) and Nondepressed Patients (mean initial
cholesterol level of the sample compared to mean 6-month cholesterol level of the sample compared to mean 6-month
cholesterol level of the sample) cholesterol level of the sample)
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mg/dL, a drop of 8.3 mg/dL (5.2%). The depressed DISCUSSION
group had significantly higher 6-month cholesterol
levels (F=6.55; P=.013) and a significantly smaller While depression is known to be associated with
change in cholesterol levels (F=5.14; P=.027). worse cardiac outcomes following acute MI, the
mechanisms underlying this association remain elusive.
Primary Analysis: Predictors of While several plausible mechanistic possibilities
Change in Cholesterol Values exist,' one natural area of focus is the possibility that
On linear regression analysis that accounted for depression could be linked to impaired secondary
age, gender, prior hyperlipidemia, initial cholesterol prevention behaviors such as cholesterol reduction.
level, LVEF, and taking a lipid-lowering agent at 6 In this preliminary pilot study, we found that
months, current depression remained negatively and patients with depression (measured via formal MDD
independently associated with change in cholesterol diagnosis or BDI-II scores) 2 weeks following acute
levels at 6 months, whether depression was measured MI had significantly smaller reductions in cholesterol
via formal MDD diagnosis (f=-.301; P<.001; Table levels at 6 months compared to those patients who were
2) or via the BDI-II (B =-.269; P=.001; Table 3). not depressed. Although the total number of subjects
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Table 2. Significant Variables on Multiple Regression Analysis
Predicting Changes in 6-Month Cholesterol Levels Using
Major Depressive Disorder (MDD) as a Measure of Depression®

Variable B (SE) B t P

Age 1.03 (0.308) .280 3.33 .001
Sex 30.55 (8.03) 298 3.80 <.001
LVEF -0.529 (0.241) -.173 -2.20 .032
Initial cholesterol level 0.953 (0.093) 814 10.25 <.001
MDD 2 weeks post-MI —44.1 (11.14) -.301 -3.96 <.001

“R*=0.677; adjusted R>=0.640; df=7,62; F=18.54; P<.001.
Abbreviations: LVEF =left ventricular ejection fraction, MI = myocardial
infarction.

Table 3. Significant Variables on Multiple Regression Analysis
Predicting Changes in 6-Month Cholesterol Levels Using BDI-
IT Scores as a Measure of Depression®

Variable B (SE) B t P

Age 0.919 (0.316) .250 2.94 .005
Sex 20.96 (8.20) .205 2.56 .013
Initial cholesterol level 0.949 (0.095) 811 -1.78 <.001
BDI-II 2 weeks post-MI ~ —1.34 (0.377) -.269 -3.55 .001

“R’=0.663; adjusted R*=0.625; df=7,62; F=17.45; P<.001.
Abbreviations: BDI-II = Beck Depression Inventory-II, MI = myocardial
infarction.

was small, the numeric differences in cholesterol
lowering were substantial, as nondepressed patients
lowered cholesterol levels in the 6 months post-MI

by approximately 37 mg/dL, while depressed patients
lowered their cholesterol levels by 8 mg/dL. The
association between post-MI depression and 6-month
cholesterol change remained significant even when
accounting for important demographic and medical
variables and despite the fact that all depressed patients
were prescribed statins. This finding suggests that

a special focus on lipid-lowering measures may be
indicated in patients with post-MI depression.

Although many MI patients in the study had
“normal” cholesterol levels, the mean initial cholesterol
level of the group was greater than 160 mg/dL. Data
from the Framingham Heart Study suggest that
cholesterol levels above this threshold increase risk
of cardiac events even among those without prior
ML."* Furthermore, prior studies have found that
statins reduce mortality in coronary heart disease
patients across a wide spectrum of initial cholesterol
levels even among those considered normal."

Why did depressed patients have inferior cholesterol
reduction? Although we did not explore mechanisms
in this pilot study, there are behavioral and physiologic
possibilities. Prior studies have evaluated the effects
of post-MI depression on secondary prevention
behavior. Ziegelstein and colleagues* found depression
post-MI to be associated with significantly reduced
adherence to a low fat diet, exercise, and medication.
Fadl and colleagues' found that post-MI depression
has been associated with inability to lose weight
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among overweight patients, and several authors have
found that patients with post-MI depression may

be less likely to attend," or continue with,'® cardiac
rehabilitation programs. Our results, using a more
objective marker of cardiac risk, may support the
notion that the link between post-MI depression

and cardiac mortality is at least in part mediated by
behavioral mechanisms impacting health maintenance
behaviors. Depression may also have physiologic
effects that could lead to elevated cholesterol levels.
For example, MDD is associated with hypothalamic-
pituitary-adrenal axis hyperactivity,"” which can lead
to hypercortisolemia and, ultimately, hyperlipidemia.

To our knowledge, this is the first study to evaluate
the link between post-MI depression and objectively
measured changes in cholesterol levels. At the same
time, this pilot study had several limitations. First, the
study was limited by a small and selected number of
subjects; however, the characteristics of subjects for
whom cholesterol levels were and were not obtained were
largely similar, suggesting that this cohort of patients was
likely representative of the sample as a whole. Subjects
were recruited nonconsecutively as a convenience
sample and were only approached on weekdays; these
methods may have led to an unaccounted-for selection
bias. Cholesterol levels were obtained as part of usual
clinical care instead of uniformly through a research
protocol, and LDL and HDL levels were not available
uniformly to allow for analyses of these levels.

In conclusion, this preliminary study found that
depression shortly after MI is independently associated
with significantly smaller changes in cholesterol levels
measured 6 months after the acute cardiac event despite
prescription of lipid-lowering agents. Future studies
should confirm these findings in a larger cohort,
include measures of LDL and HDL levels, and assess
medication adherence as a potential mediating factor.
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