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Abstract
Background—Whereas statins are considered the cornerstone of prevention after acute
myocardial infarction (AMI), concerns about worsening depression in association with their use
have been raised.

Methods—Using data from 2 prospective AMI registries (PREMIER and TRIUMPH), we
examined the change in depressive symptoms from baseline and at 1, 6 and 12 months among
statin-naïve patients who were and were not discharged on a statin. Depressive symptoms were
assessed with the 8-item Patient Health Questionnaire (PHQ-8). Within-group change in PHQ-8
scores from baseline to each follow-up period was assessed using paired t-tests. A repeated
measures propensity-matched analysis examined whether changes in PHQ-8 scores from baseline
were different between statin-treated and statin-untreated patients.

Results—Of 3675 patients not previously treated with statins, 3050 (83%) were discharged on a
statin and 625 (17%) were not. PHQ-8 scores in the statin group decreased from baseline by a
mean (±SD) of 0.9 (±5.1), 1.2 (±5) and 1.1 (±5.1) at 1-, 6-, and 12-months, respectively.
Corresponding changes in the non-statin group, were 0.9 (±5.2), 1.3 (±5.1) and 1.5 (±5.8),
respectively (P<0.0001 for all comparisons). After propensity-matching 451 patients not
discharged on statins with 1240 patients discharged on statins, the mean change in PHQ-8 scores
between baseline and the 3 follow-up time points was not significantly different between groups
(mean between-group difference at 1-month: −0.13, 95% CI [−0.69 to 0.43], P=0.65; at 6-months:
−0.07, 95% CI [−0.66 to 0.52], P=0.82; and at 12-months: −0.05, 95% CI [−0.67 to 0.58],
P=0.88).

Conclusions—Initiation of statins after AMI was not associated with worsening depression.

Depression is common among patients with acute myocardial infarction (AMI)1 and is
associated with medication non-adherence,2 increased health care costs 3 and diminished
quality of life.4, 5 Moreover, depression is associated with higher morbidity and mortality
among AMI survivors.6, 7 Therefore, identifying modifiable factors which may influence the
development of depressive symptoms in patients with AMI could provide targets for
improving patients’ quality of life and survival.
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Several non-modifiable factors, such as personality traits, are associated with an increased
risk of depression after AMI.8–11 However, it remains unclear if there are modifiable factors
—such as medication treatment—which may also increase the risk of depression after AMI.
Recently, concerns have been raised about potential deleterious effects of HMG CoA
reductase inhibitors (statins) on mood, cognition and other central nervous system
functions.12 For example, statins have been implicated in the development of significant
affective symptoms in patients with hyperlipidemia.13–16 It has also been postulated that
statin use leads to chronic cholesterol depletion, which can impair the function of the
serotonin1A receptor.17 Others have reported that the initiation of statin therapy evokes an
increase in serotonergic transmission, which may predispose patients to depression or
suicide.18 Therefore, an association between statins and depression may be biologically
plausible since aberrations of central serotonergic transmission are thought to be vital in the
pathogenesis of depression.19

Despite this, two prior studies have not found a consistent association between statin use and
depressive symptoms.20, 21 However, these studies are limited by the use of case-control or
cross-sectional study designs and by including patients who were already on chronic statin
therapy. Therefore, the association between initiation of statin therapy and subsequent
development of depression in statin-naïve patients remains unclear but is important to
understand, as concerns about causing or exacerbating depressive symptoms with statin use
may lead to statin under-treatment by physicians or poor adherence among patients.22

Clarifying this association could therefore reduce such concerns and ensure that AMI
patients receive optimal evidence-based care.

Accordingly, we examined the association between the initiation of statin treatment and
change in depressive symptoms in a contemporary, prospective cohort of AMI patients not
previously treated with statins.

METHODS
Study Population

We used data from two US-based, multi-center, prospective, observational registries of
consecutive AMI patients—the TRIUMPH (Translational Research Investigating
Underlying Disparities in Acute Myocardial Infarction Patients’ Health Status)23 and
PREMIER (Prospective Registry Evaluating Outcomes After Myocardial Infarctions: Events
and Recovery)24 registries, which enrolled AMI patients from 2003 through 2008. Both
studies employed similar data collection processes and collected similar data elements,
enabling pooling of their results.

Patients in both studies were eligible for inclusion if they were 18 years or older, had
elevated cardiac enzymes (troponins or creatinine kinase-MB) within 24 hours of hospital
admission and had supporting evidence suggestive of AMI, including either prolonged
ischemic symptoms or electrocardiographic ST-changes. Exclusion criteria included patients
who were incarcerated, refused participation, were unable to provide consent, did not speak
English or Spanish, were transferred to the participating hospital from another facility >24
hours after initial admission, or expired prior to being contacted by the investigators.
Demographic, social, clinical, health status and psychological data for patients were
collected from chart abstraction and baseline interviews by trained staff within 24 to 72
hours of the index AMI admission. All participating patients provided informed consent, and
the study protocol was approved by the institutional review board at each participating
center.
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A total of 6838 AMI patients were enrolled in TRIUMPH and PREMIER. Because we were
interested in examining the association between initiation of statin therapy and depressive
symptoms, we excluded 2125 patients who were on statin therapy prior to the index AMI.
Furthermore, we excluded 222 patients without an assessment for depression at baseline and
567 patients without any follow-up assessments of depression. We also excluded 240
patients who expired, were enrolled in hospice, transferred to another facility or left against
medical advice during the index hospitalization. Finally, we excluded 9 patients from 1
participating site where 100% of patients were discharged on a statin, as our analyses
compared treated and non-treated patients within hospitals. Our final study cohort comprised
3675 AMI patients from 37 centers (Figure 1).

Assessment of Depression and Study Outcome
Quantification of depressive symptoms was performed using the Patient Health
Questionnaire (PHQ-8), a validated 8-item tool used for assessing depressive symptoms.25

PHQ-8 scores range from 0 to 24, with higher scores denoting more severe symptoms. A
score of 10 or greater defined major depression.25 For this study, we were mainly interested
in examining the association between initiation of statin therapy and subsequent change in
depressive symptoms. Therefore, the primary endpoint was the change in PHQ-8 scores
between the index hospitalization and 1-year follow up. We examined whether initiation of
statin therapy was associated with changes in PHQ-8 scores over the first year of therapy,
and whether this was different from patients not treated with statins.

Other Study Variables
Demographic variables included age, sex, and race (white, black, and other). We also
measured socioeconomic variables, as they are important potential confounders of both
treatment and depression. These factors included marital and employment status,
educational level (completed high school, college, or graduate school, or did not complete
high school), insurance coverage, perceived financial difficulties and social support.
Financial difficulties were assessed during the structured interviews by asking patients,
whether at the end of a month, they end up with “not enough to make ends meet” and if
“healthcare costs created an economic burden for them”. Perceived social support was
measured by the 5-item ENRICHD Social Support Inventory (ESSI).26 Based on prior work,
low social support was defined as a score of ≤3 on 2 or more items (excluding items on
instrumental social support and marital status) and having a sum score of ≤18 on the
remaining 5 items.27

In addition, clinical variables were collected and included medical comorbidities
(hypercholesterolemia, hypertension, diabetes mellitus, peripheral arterial disease, prior
AMI, prior percutaneous coronary intervention [PCI] or coronary artery bypass surgery
[CABG], prior stroke, chronic kidney disease, chronic lung disease, chronic heart failure),
smoking history, obesity (body mass index ≥30), and current antidepressant treatment.
Finally, data on AMI severity were also obtained including type of AMI (ST elevation vs.
non-ST elevation), left ventricular ejection fraction <40%, presence of multi-vessel coronary
artery disease on coronary angiography and Killip class (class I/II vs. III/IV).

Statistical Analysis
Baseline differences between patients who were and were not initiated on statin treatment
during the index hospitalization were compared using Student’s t-test for continuous
variables and Chi-square tests for categorical variables.

To determine whether there were changes in depressive symptoms over time in each group,
we assessed for changes in PHQ-8 scores from baseline to 1-month, 6-months, and 12-
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months separately in the statin and non-statin groups, using paired t-tests for each time point
comparison. Then, to assess whether initiation of statin therapy was associated with changes
in depressive symptoms over time, we compared the mean change in depressive symptoms
from baseline to each follow-up time point between the statin treated and untreated groups
using a repeated measures analysis. To accomplish this, we first ensured that patients in the
statin and non-statin groups were equally matched by developing a propensity score for
statin treatment. A non-parsimonious propensity score was generated with a multivariable
logistic regression model that included 29 baseline variables to predict treatment with a
statin (C-statistic=0.742). These variables included the patient demographic, clinical, and
socioeconomic variables described above. Using a caliper width no greater than 0.2 times
the standard deviation of the log of the propensity score, each patient who was not initiated
on a statin was then matched with up to 3 patients who were initiated on a statin using
variable optimal matching (i.e., without replacement) techniques.28 We confirmed that
patients treated and not treated with statins were well balanced by ensuring that standardized
differences between the 2 groups for each covariate were <10.29

Among patients who were matched by propensity scores, we then compared whether
changes in PHQ-8 scores from baseline to each follow-up time point differed between
patients treated and not treated with statins using repeated measures models. We additionally
examined for significant interactions between changes in depressive symptoms and age (≥65
vs. > 65), gender, race (white vs. other races) and baseline PHQ score (≥10 vs. <10) in the
model. Finally, we conducted a sensitivity analysis to control for potential biases in loss to
follow-up (i.e., patients who were excluded due to no follow-up PHQ-8 assessments). A
second propensity score model was developed to predict the likelihood of follow-up
assessments with the PHQ-8. The reciprocal of this probability was used to weight the
associations among responders in the repeated measures model. Since results with and
without weighting were comparable, the unweighted are presented.30 Finally, to account for
all PHQ-8 measurements for each patient, we constructed a repeated measures model to
examine if statin treatment was associated with a difference in change in depressive
symptoms over time.

At least 1 study covariate was missing in 15% of patients, and 6% were missing more than 2
covariates, with the average number of missing data fields per patient of 0.5. The covariate
with the most missing data was the “number of diseased vessels” (n=246, as coronary
angiography was not performed in 245 patients) followed by final hematocrit (5.5% of
patients). Missing data were imputed using IVEWARE,31 and all covariates that were used
in the logistic propensity model were used for imputation. All tests for statistical
significance were two-tailed and evaluated at a significance level of 0.05. All analyses were
conducted with SAS 9.2 (SAS Institute, Inc, Cary, NC).

RESULTS
Of 3675 AMI patients not previously treated with statins, 3050 patients (83%) were
discharged on a statin and 625 (17%) were not. Baseline demographic, social and clinical
characteristics of both groups are shown in Table 1. Patients who were not treated with
statins were older and more frequently female and African American. In addition, untreated
patients had more medical comorbidities and advanced cardiac disease, including
hypertension, diabetes, chronic kidney disease, prior MI, prior coronary revascularization,
congestive heart failure, peripheral arterial disease, prior stroke and more severe left
ventricular systolic dysfunction compared to those who were initiated on statin therapy.
Patients who were receiving medications or counseling for depression during index
hospitalization or who lived alone were less likely to be discharged on a statin, while those
who worked full time or were married were more likely to receive a statin at the time of
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hospital discharge. Finally, total cholesterol and LDL-C levels were lower and HDL-C
levels were higher among patients not treated with statins.

Depressive symptoms significantly decreased over time in both groups (Figure 2). In the
statin group, compared with baseline values, mean PHQ-8 scores decreased by 0.9 ± 5.1
(P<0.0001) at 1 month, 1.2 ± 5 (P< 0.0001) at 6 months, and 1.1 ± 5.1 (P< 0.0001) at 12-
months. Similarly, compared with baseline values, PHQ-8 scores significantly decreased in
the non-statin group by 0.9 ± 5.2 (P< 0.0001), 1.3 ± 5.1 (P< 0.0001) and 1.5 ± 5.8 (P<
0.0001) at 1-, 6- and 12-months, respectively (Table 2).

The proportion of patients with depression by PHQ-8 cut off (score ≥ 10) also decreased
over time (Table 3). At baseline, 547 (17.9%) and 146 (23.4%) patients had PHQ-8 scores in
the depressed range in the statin-treated and statin-untreated groups, respectively (p-value
for between-group difference 0.002). This number fell over time to 313 (12.3%) statin-
treated patients vs. 81 (15.8%) statin-untreated patients at 1 month (P=0.03), 282 (12%) vs.
69 (14.1%) at 6-months (P=0.19) and 255 (11%) vs. 61 (13.2%) at 12 months (P=0.18).

After propensity matching 451 statin-untreated patients with 1240 statin-treated patients, we
found no significant differences in the 1-month change in PHQ-8 scores between the 2
treatment groups (mean difference in 1-month change in PHQ-8 scores between groups:
−0.13, 95% CI [−0.69 to 0.43], P=0.65). Similarly, there were no significant differences in
change in depressive symptoms between the 2 groups from baseline to 6-months (mean
difference in PHQ-8 scores between groups of −0.07, 95% CI [−0.66 to 0.52], P=0.82) and
12-months (mean difference in PHQ-8 scores between groups of − 0.05, 95% CI [−0.67 to
0.58], P=0.88). There were no significant interactions were found between initiation of
statin treatment and age, gender, race and baseline PHQ score (P for all interactions >0.05).
Finally, when we incorporated all PHQ-8 measurements for each patient in a repeated
measures model, we continued to find that statin treatment was not associated with
differences in the change in depressive symptoms (P=0.28).

DISCUSSION
In light of potential concerns that statin therapy may be associated with depression, we
conducted a detailed comparison of AMI patients’ depressive symptoms and found that
initiation of statin therapy during an AMI was not associated with increased depressive
symptoms. Instead, we found that depressive symptoms significantly decreased with time in
both statin-treated and statin-untreated patients. After adjustment for a number of
demographic, clinical, socioeconomic, and psychosocial factors, we found no difference in
the mean change in depressive symptoms between the 2 patient groups. Our findings
provide reassurance to clinicians that statin treatment is not associated with worsening
depressive symptoms in AMI patients despite biologic and physiologic studies that suggest a
potential association.

The current study confirms and extends the findings of prior clinical studies evaluating the
risk of depression among statin-treated patients. A case-control analysis from an
administrative database that included 60 reports of drug-related psychiatric adverse effects
among 1323 statin-treated patients showed that psychiatric adverse events (including
depression) were not more common with statin use compared to other classes of
medications.20 A similar analysis of drug-related adverse events in community-dwelling
older individuals (which included 669 patients using statins) also failed to show an
association between statins use and depressive symptoms.21 Recently, a third study found
that statin use was associated with a lower risk of depressive symptoms in 965 patients with
stable coronary artery disease.32 These prior studies, however, were limited by case-control

Al Badarin et al. Page 5

Am Heart J. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



study designs, administrative data sources, self-reporting of adverse events,20, 21 or potential
confounding, by including patients who were already on statin therapy at the time of
enrollment.32 In contrast, we were able to prospectively collect information on depressive
symptoms using a well-validated instrument, examine a large sample of patients who were
not on chronic statin therapy, and employ a propensity score analysis to adjust for
confounding. Moreover, by restricting our analyses to ‘statin-naïve’ patients to ensure that
our findings were not confounded by chronic statin treatment, our study is the first to assess
whether initiation of statin therapy was associated with changes in depressive symptoms in
the setting of AMI.

Of note, the proportion of patients who met formal criteria for depression (PHQ-8 >10)
during the index AMI hospitalization was approximately 20%, and this proportion decreased
to about 11% by 1-year. This suggest that, while depression occurred in a substantial
minority of patients, the majority with AMI do not meet clinical definitions for depression,
although many experience milder depressive symptoms.

Inflammation and oxidative stress are thought to play a role in the development of
depression after stroke and de novo.33–35 In addition, a small study of 193 patients who
underwent cardiac intervention showed that statins use was associated with a lower risk of
subsequent depression, which the authors attributed to the anti-oxidant and anti-
inflammatory properties of statins.36 Therefore, statins may actually have a protective effect
against depression via their potential anti-inflammatory and antioxidant properties, thus
possibly conferring biologic plausibility to our findings, although post AMI depression may
have different underlying mechanisms compared to other depression syndromes‥ We were
unable in this analysis to confirm the hypothesis that statin initiation is associated with less
depressive symptoms after AMI and we observed instead a similar change in depressive
symptoms in both treatment groups.

Clinical Implications
Statin under-treatment remains a problem in contemporary practice. A recent report from the
American College of Cardiology’s PINNACLE cardiac outpatient registry found that the
rate of statin non-treatment in patients with prior AMI or coronary revascularization was
15.7%, even after excluding patients with an allergy or intolerance to statin therapy.37

Similarly, the REduction of Atherothrombosis for Continued Health (REACH) Registry
found that 17% of patients with known atherosclerosis in the outpatient setting did not
receive statin therapy.38 Although it is unclear why eligible patients were not treated with
statins despite current treatment guidelines, our study provides further evidence that
concerns about depression should not be a reason for withholding statin treatment in these
settings.

Limitations and Strengths
Our study should be interpreted in the context of the following limitations. First, despite our
use of a robust propensity score analysis to account for a wide array of clinical and
psychosocial variables, our findings may still be subject to residual confounding. However,
as the crude differences in 12-month change in depressive symptoms were not meaningfully
different, the presence of significant residual confounding is unlikely. Second, the current
study design does not allow for confirming actual patient adherence to statin treatment.
Finally, we did not have data on the actual prescribed statin or dose; therefore, we were
unable to assess whether our findings were consistent across different types of statin
medications and potencies.

Al Badarin et al. Page 6

Am Heart J. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In contrast to these potential limitations, this study has several strengths. The assessment of
depressive symptoms was performed prospectively using a well-validated tool. In addition,
data on other potential and important confounders of the study’s endpoint were collected
systematically by trained study coordinators using standardized definitions. Lastly, to our
knowledge, this is the first study to address the association between initiation of statins and
subsequent depressive symptoms after AMI in a statin-naïve cohort.

CONCLUSIONS
Treatment with statins in patients after AMI was not associated with worsening depressive
symptoms. Given the established benefits of statin treatment in patients after AMI,
withholding statin therapy because of concerns of worsening depression appears to be
unjustified and could lead to underuse of evidence-based therapies for patients with AMI.
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Figure 1.
Flow Chart of Patient Inclusion and Exclusion in the Study
(AMI: Acute myocardial Infarction, PHQ-8: Patient Health Questionnaire-8)
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Figure 2.
Mean PHQ-8 Score in Both Statin Groups at Baseline and at 1-, 6- and 12-months
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Table 1

Baseline Characteristics of the Study Cohort by Statin Treatment

Variable Statin-treated (n=3050) Statin-untreated (n=625) P-value

Age, mean (SD) 57.9 (12.2) 59.8 (13.4) <0.001

Women (%) 936 (30.7) 256 (41.0) <0.001

African American (%) 633 (20.8) 180 (28.9) <0.001

Married (%) 1719 (56.5) 316 (50.8) 0.009

Current depression (%)* 293 (9.6) 81 (13.0) 0.01

Low social support (%) 470 (15.8) 113 (18.6) 0.09

Working full time (%) 1427 (47.1) 208 (33.5) <0.001

Coverage for meds 2154 (71.6) 443 (71.8) 0.92

Lives alone (%) 666 (22.0) 160 (26.0) 0.03

Some $ left over (%)† 1429 (47.8) 295 (48.4) 0.77

HTN (%) 1660 (54.4) 427 (68.3) <0.001

DM (%) 635 (20.8) 192 (30.7) <0.001

Hyperlipidemia (%) 1065 (34.9) 224 (35.8) 0.66

CKD (%) 120 (3.9) 74 (11.8) <0.001

Smoking history(%) 1920 (63.0) 360 (57.6) 0.01

STEMI (%) 1645 (53.9) 209 (33.4) <0.001

Cholesterol (mg/dL) 186.9 ± 49.4 175.7 ± 51.2 <0.001

LDL (mg/dL) 114.7± 39.1 101.8 ± 39.4 <0.001

HDL (mg/dL) 42.1 ± 14.1 45.2 ± 17.2 <0.001

BMI 29.2 ± 6.2 29.5 ± 7.4 0.33

*
Defined by either taking anti-depressants or receiving depression counseling

†
Denotes patients with sufficient monetary resources left at the end of each month

(BMI: Body Mass Index, CKD: Chronic Kidney Disease, DM: Diabetes Mellitus, HTN: Hypertension, SD: standard deviation)
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Table 2

Change in PHQ-8 Scores from Baseline in Each Statin Group

Statin-treated (n= 3050) P-value* Statin-untreated (n=625) P-value*

Basealine 4.9 ± 5.1 N/A 5.8 ± 5.4 N/A

Baseline to 1-month −0.9 ± 5.1 <0.0001 −0.9 ± 5.2 <0.0001

Baseline to 6-months −1.2 ± 5.0 <0.0001 −1.3 ± 5.1 <0.0001

Baseline to 12-months −1.1 ± 5.1 <0.0001 −1.5 ± 5.8 <0.0001

*
P-value for within-group change in PHQ-8 score compared to baseline

(PHQ: Patient Health Questionnaire)

Am Heart J. Author manuscript; available in PMC 2014 November 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Al Badarin et al. Page 14

Table 3

Number of Patients with PHQ-8 scores ≥ 10 in each statin group

Statin-treated (%) Statin-untreated (%) P-value

Baseline 547 (17.9) 146 (23.4) 0.002

1-month 313 (12.3) 81 (15.8) 0.03

6-months 282 (12) 69 (14.1) 0.19

12-months 255 (11) 61 (13.2) 0.18

(PHQ: Patient Health Questionnaire)
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