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Abstract

Background: Lipid management with statins is one of the mainstays of treatment for atherosclerotic cardiovascular disease. Statins are often discontinued by patients
secondary to muscle-related complaints independent of elevations in creatine kinase. It has also been suggested that there is a link between mental health disorders
and noncompliance. The associations between negative affect and somatization reported as medication-related side effects requires further clarification. One possible
cause of statin discontinuation is perceived myopathy secondary to somatization.

Objective: This study examines the relationship between affect in statin tolerant and statin intolerant (SI) groups.

Methods: This study incorporated patients unable to tolerate at least two different statins (any statin or dosage prescribed) due to side effects or abnormal laboratory
markers. Patients completed The Depression Anxiety Stress Scales, the McGill Pain Questionnaire, and the Somatosensory Amplification Scale.

Results: There were 20 statin tolerant (ST) patients and 13 SI patients (n=36). There was a significant difference between SI and ST groups, respectively, in age (63 vs.
70 years, p=0.04), total cholesterol (204 vs.136, p <0.01), and LDL cholesterol (129 vs. 136, p < 0.05). There were no significant differences between ST and SI groups
for somatic pain, affective pain, somatosensory amplification, depressive symptoms, anxiety symptoms, and stress scores.

Conclusion: Our study suggests the discrepancy between statin intolerance in clinical trials and clinical practice cannot be explained solely by somatosensory
amplification, anxiety, depression or pain disorders. Nevertheless, an affective and/or anxiety disorder will likely augment the pain perception and somatization in a

SI patient.

Introduction

Cardiovascular disease (CVD) is the leading global cause of
death, accounting for 17.3 million deaths per year and expected to
reach 23.3 million deaths per year by 2030 [1,2]. Many modifiable risk
factors are linked to CVD, including hyperlipidemia, which affects an
estimated 53% of United States adults [3]. Given the high prevalence of
dyslipidemia and its association with CVD, statins are the cornerstone
therapy for reducing risk of atherosclerostic CVD via lipid management.
Clinically, statins produce a quantifiable reduction of LDL-C (~30-60%)
and stabilize atherosclerotic plaques, reduce inflammation, and reduce
endothelial dysfunction. Yet, randomized controlled trials identified
safety concerns in persons on statins. Thus, physicians should consider
patient age, cardiovascular risk, and comorbidities such as impaired
renal or hepatic function, history of previous statin intolerance or
unexplained elevated transaminase greater than three times the upper
limit of normal or creatinine kinase (CK), that predispose patients
to adverse effects from statins. Statins are often discontinued due to
intolerance, manifested by muscle pain or weakness independent of an
elevated CK, and an estimated 29.9% of patients stop their statin therapy
in the first year [4,5]. The Heart Protection Study found that one-third
of middle-aged or elderly patients reported muscle aches or weakness at
least once while on a statin [6]. Interestingly, psychosomatic symptoms,
such as muscle aches and pain can be associated with stress, depression,
and other psychological impairments common in CVD patients [7-10].
A meta-analysis found that depressed patients were three times more
likely to be noncompliant with medical treatment recommendations
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[11]. Thus, we sought to study the relationship between negative affect
and somatic symptoms, suggesting that if statin intolerance is partially
due to somatization, we would see differences in affect between statin
tolerant and statin intolerant groups.

Methods
Design

The study was approved by the Institutional Review Board of
Loyola University Medical Center and all participants provided written
informed consent. We employed a one-time quantitative assessment to
explore the clinical presentations of statin intolerant (SI) patients and
analyze the differences in affective, somatic, and physical symptoms
between SI and statin tolerant (ST) patients.

Subjects

Patients enrolled in this study received care as outpatients in the
Cardiology Division at Loyola University Medical Center. Inclusion
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criteria included patients over the age of 18, previously diagnosed
with SI by their medical providers, were able to provide informed
consent, and read and write in English. Statin intolerance was defined
when a patient was unable to tolerate at least two different statins due
to the development of side effects or abnormal laboratory markers.
Our study was limited to patients with complete statin intolerance,
unable to tolerate any statin or dosage prescribed. Moreover, patients
were excluded if they were currently receiving psychiatric treatment,
such as psychotropic medications or psychotherapy, were cognitively
or medically unable to complete study measures, or had a history of
elevated CK levels and/or elevated LFT levels over 3 times the upper
limit of normal.

Study protocol

Clinicians identified patients who presented to the Outpatient
Cardiology Clinic at Loyola University Medical Center and who had
been previously prescribed a statin. Patients were invited to participate
if they met the above study inclusion and exclusion criteria and
agreed. After obtaining informed consent, patients completed three
surveys: The Depression Anxiety Stress Scales (DASS), the McGill
Pain Questionnaire, and the Somatosensory Amplification Scale
(SAS). After completion of the surveys, a chart review of each subject
was performed assessing for other variables including a history of
myocardial infarction, hypertension, diabetes mellitus, psychiatric
history, statin medication history, and levels of total cholesterol, LDL,
HDL, triglycerides and ALT.

Rating scales

The Depression Anxiety Stress Scales (DASS): The DASS-21 is
a 21 item self-report questionnaire that is a dimensional rather than
categorical assessment of psychological disorders. The 21 questions
assess depression, anxiety, and stress focusing on negative emotional
symptoms that have occurred over the past week with frequency and
severity rated on a scale between 0 and 3. Each question separately
analyzes depressive versus anxiety versus stress symptoms. The scaled
scores for the depressive, anxiety and stress questions are summed
separately and multiplied by two, allowing for comparison to the
normative data for the original 42-item scale. The scale is applicable
to patient populations who are able to cognitively understand the
questions and is not dependent on prior medical or psychiatric history
[12,13].

The Somatosensory Amplification Scale (SAS): The SAS is a 10-
item self-report questionnaire that measures how patients experience
physical symptoms and assesses propensity for somatization. Each
question is scored on a 5-point scale, and the scores are summed to 10-
50, with higher scores having higher predictive values for somatization.
The scale is applicable to the general community, patients with medical
disorders, or patients with psychiatric disorders [9,12,14].

The Short-Form McGill Pain Questionnaire: The Short-From
McGill Pain Questionnaire (SF-MPQ) contains four different sections,
with each section assessing different aspects of physical pain. The first
section is a 15-question self-report questionnaire assessing pain quality
via a Likert scale of intensity (0=none, 3=severe), and distinguishes
sensory and affective pain. The following three sections assess intensity
and the time course of pain using a visual analog scale (1-10), a present
pain inventory scale (0=no pain, 5=excruciating), and a pattern of pain
scale (1=brief, 2=intermittent, 3=continuous). The SF-MPQ highly
correlates to the original McGill Pain Questionnaire and is applicable
to any patient population [15].
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Statistical analysis

IBM SPSS version 22 was used for statistical analyses. Mean
differences in demographic information (age, BMI, race, gender) and
clinical characteristics (total cholesterol, history of cardiac events,
hypertension, diabetes, insomnia, depressive disorder and pain
disorder) were determined using descriptive frequency statistics. Mean
differences in age, BMI, total cholesterol, LDL, HDL, and ALT among
the STand the ST groups were analyzed by an independent samples t-test.
Clinical outcome measures in the statin intolerant and statin tolerant
patients were analyzed at the time they were consented. Distributions
for all rating scales were scrutinized for normality and skewedness
prior to the following analyses. Short-Form McGill Pain Questionnaire,
Somatosensory Amplification Scale (SAS), and Depression, Anxiety,
Stress Scale (DASS) scores were weighted and summed appropriately
according to the scale reference. The scores were then analyzed by
an independent samples t-test for normally distributed variables. A
Pearson Correlation Coefficient analysis was performed with the statin
intolerant group to determine if the number of statins a patient was
determined to be intolerant to correlated to the rating scales used in
the study.

Results

A total of 36 patients met study criteria and were enrolled
after signing informed consent. All 36 completed the McGill Pain
Questionnaire, Somatosensory Amplification Scale, and Depression
Anxiety Stress Scale. Tables 1 and 2 show the demographic and clinical
characteristics of the cohort of patients. Overall there were 20 ST patients
and 13 SI patients. There was a significant difference between SI and ST
groups, respectively, in age (63 vs. 70 years, p=0.04), total cholesterol
(204 vs.136, p <0.01), and LDL cholesterol (129 vs. 136, p < 0.05) (Table
3). Table 3 shows the average scores of the DASS, SAS and SF-MPQ for
ST and SI groups. There were no significant differences between ST and
SI groups for somatic pain, affective pain, somatosensory amplification,
depressive symptoms, anxiety symptoms, and stress scores.

Discussion

We hypothesized that patients who experienced statin intolerance
would be more likely to express symptoms of a somatoform disorder,

Table 1. Demographics of subjects

Subjects currently or previously taking

Demographics statin medication N=36

Age (SD) 67.8 (10.7)

BMI (SD) 30.3 (6.1)

Males (%) 19 (52.8%)

Females (%) 17 (47.2%)

Caucasian (%) 23 (63.9%)

African American (%) 7 (19.4%)
Hispanic (%) 2 (5.6%)
Asian (%) 1(2.8)
Other (%) 3(8.3%)

Non-Caucasian 13 (36.1%)

Table 2. Clinical characteristics of subjects

Clinical Characteristic N=36 (%)

History of Cardiac Events 13 (36.1%)

Hypertension 26 (72.2%)

Type 1I Diabetes Mellitus 15 (41.7%)

History of Insomnia 6 (16.7%)

History of Depressive Disorder 3(8.3%)

History of Pain Disorder 9 (25.0%)
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Table 3. Differences in rating scale scores between statin intolerant and statin tolerant
groups (Note: ST = Statin Tolerant. SI = Statin Intolerant)

Rating Scale Mean (SD) Significance
ST N =20 SIN=13 p-value

McGill — Somatic 2.25 (6.6) 6.46 (7.1)
McGill - Affective 0.45(1.3) 1.15(1.6)
SAS 24.0 (7.3) 25.8 (7.7)
DASS- Depression 1.25(1.3) 2.07 (4.3)
DASS- Anxiety 2.60 (2.6) 2.46 (3.2)
DASS- Stress 3.60 (3.5) 3.69(5.2)

as the number of somatic symptoms throughout one’s lifetime has been
shown to be independently and directly associated with the number
of anxiety and depressive episodes [16-18]. Our study suggests that
SI patients are no more likely to express symptoms of a somatoform
disorder compared to ST patients. Based on the McGill-Somatic, McGill-
Affective, SAS, DASS-Depression, DASS-Anxiety, and DASS-Stress
rating scales, there was no significant difference in scale scores between
SI and ST patients. Despite no significant differences between ST and
SI groups for somatic pain, affective pain, somatosensory amplification,
depressive symptoms, anxiety symptoms and stress scores, we noted
many of the patients who were SI and excluded from the study were
already prescribed anti-anxiety and anti-depressant medications. If
these patients deemed SI were enrolled in the study, a difference may
have been observed; however, this would have introduced significant
confounders.

Studies have suggested that psychiatric diagnoses such as anxiety
and depression, in the context of a chronic medical illness, lead to
increased physical manifestations of the disease compared to medical
illness alone, increased awareness of symptoms, and increased
impression of symptom burden [10,18,19]. There is also evidence
showing that improvement in depression in the setting of chronic
medical illness leads to decreased symptom burden [16]. While the
relationship between somatization, the prevalence of negative affective
symptoms, and alexithymia have not been shown in relation to
myopathy or statin intolerance, clinical indications show that patients
with SI tend to have more distress, and difficulty with pain perceptions
compared to ST patients. Furthermore, alexithymia, or the tendency
to focus on external symptoms secondary to an inability to recognize
emotional symptoms in oneself, is highly associated with anxiety
sensitivity, somatosensory amplification and effects the way patients
seek and receive care [10,12,20-22].

Of note, patients with somatoform disorders have higher levels of
salivary cortisol, increased heart rate, and lower digital pulse volume
while under stress [23]. This indicates that perceived external stimuli
lead to different physiologic responses [24]. This is supported by a
prospective cohort study of over 1,900 patients that found an association
between statin non-adherence and somatic symptoms of anxiety,
suggesting that these symptoms were often misinterpreted as being
a result of the medication instead of a manifestation of their anxiety
[25]. A related phenomenon that emphasizes the impact of perception
on physical symptomatology and has been reported in the literature is
the nocebo effect, which is when the patient’s expectation that there
will be an adverse effect results in increased rates of negative outcomes.
In fact, a 2017 study demonstrated a direct correlation between the
prevalence of SI and the number of websites about statin side effects
that a patient could find via Google search [26]. The nocebo effect is a
result of neuropsychology rather than representative of a drug’s efficacy
or toxicity, yet the important distinction is that this effect is a somatic
manifestation secondary toa patient’s preconceived misperceptions. This
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is supported by randomized controlled trials that have demonstrated
no significant difference in the incidence of muscle complaints and
overall rate of statin discontinuation between patients receiving
statins and placebos [27,28]. Furthermore, randomized controlled
trials that re-challenged patients deemed SI have also demonstrated
muscle symptoms related to the nocebo effect, while acknowledging
there are also a subset of patients who experience these symptoms as
a pharmacological effect of the statin itself. As a result, it is likely that
multiple factors may play a role in this phenomenon, including cultural
and societal factors relating to the stigma around psychological distress
coupled with an acceptance towards physical complaints. Thus, one way
to minimize this effect includes improvements in patient education and
patient-provider communication [27].

While our study suggests that SI patients are no more likely to
express symptoms of a somatoform disorder compared to ST patients,
it remains plausible that myopathy in the presence of statin therapy may
be at least partially explained by the presence of a somatoform disorder.
Our study is the first to examine somatic tendencies or negative
affective differences between SI and ST patients. Given the sample size
limitation of our study, a much larger study evaluating the relationship
between negative affective syndromes and statin intolerance should be
performed.

There is little doubt that adverse effects of statins affect many
patients, especially middle-aged and elderly women. Fortunately, many
of these patients can tolerate either a lower dose statin or a different
statin without limiting side effects. We hypothesized that statin
intolerance, especially when related to myopathy, is multifactorial and
may still involve the presence of a psychological disorder and stressors.
One significant limitation of our study involved the extreme difficulty
in enrolling SI patients who were not taking prescribed anxiolytics or
antidepressants by their primary care providers. Referral to a mental
health professional may be helpful in some cases to mediate statin side
effects and/or relieve some anxiety related to heart disease and drug
intolerance.

We are therefore more inclined to attribute SI manifested
predominantly in myopathy and myositis as a biological rather than
solely a psychological phenomenon. Proposed biological mechanisms
of myopathic SI include genetic predisposition and increased
bioavailability. Multiple etiologies of statin-induced myopathy have
been identified, including metabolic changes due to CYP enzyme
variations, altered pharmacokinetic profiles secondary to variations
in ABC transporter genes, diagnosis with a metabolic myopathy,
decrease in farnesyl pyrophosphate production, impairments in
calcium signalling, mitochondrial dysfunction in association with
decreased levels of Coenzyme Q10, decreased protein synthesis,
myalgias secondary to Vitamin D deficiency, and alterations in protein
degradation [29,30]. A study investigating genetic variants of LILRB5,
a leukocyte immunoglobulin-like receptor subfamily-B that has been
associated with decreased levels of creatine phosphokinase and lactate
dehydrogenase found that homozygotes of the Asp247 variant had
increased risk of myalgia, yet carriers of the 247Gly variant were found
to have an increased risk of statin-induced myalgia [31].

The observation that SI disappears in some patients after switching
to a different statin supports the argument that the primary cause
of SI should be sought in inflammatory and/or immune processes.
Autoimmune myositis has also been described in the literature as a
possible contributory cause to SI. Notably, a progressive and persistent
form of statin-associated immune-mediated necrotizing myopathy
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(IMNM) has been identified in association with anti-5-hydroxy-3-
methylglutaryl coenzyme A reductase (HMGCR) autoantibodies,
with an estimated annual incidence of two per million and prevalence
of one per 100,000. Diagnosis of SI secondary to this etiology may
be assisted via muscle biopsy demonstrating necrosis. These patients
typically present with severe symptoms requiring immunosuppressive
treatment [30]. One study found an increased prevalence of anti-
HMGCR autoantibodies in statin users compared to non-users in
patients with idiopathic inflammatory myopathies as well as a subset
of patients with IMNM, with these patients also demonstrating higher
titers of these antibodies and more commonly having muscle necrosis
[32]. Interestingly, anti-HMGCR antibodies have been detected in
patients who have never taken statins, as well. One hypothesis for this
phenomenon is the presence of natural statins in many foods, yet it
was also noted that these patients tended to be younger age, of African
American descent, and had higher levels of creatine kinase [32,33].

Given the symptom burden of IMNM, it may be worth
considering testing for anti-HMGCR antibodies via immunoassays
in statin-exposed patients with clinical suspicion for this disease
process. In addition to testing for these antibodies via enzyme-linked
immunosorbent assay (ELISA) or chemiluminescence immunoassay
(CIA), one study also identified a distinct indirect immunofluorescence
(IFL) staining pattern, HMGCR associated liver IFL pattern or HALIP,
for HMGCR-associated myopathy [34]. Of course, cost-effectiveness of
such a test must also be taken into consideration. This was addressed
by a study that examined the economic feasibility of a theoretical
pharmacogenomic test for SI secondary to myopathy in high-risk
populations, compared to the alternative of statin discontinuation.
This study found that the use of a pharmacogenomic test is a beneficial
strategy for any test costing less than CAN$356 (Canadian dollars) [35].
This was further supported by another study that found that in high-
risk populations, using pharmacogenomic testing is also cost-effective
to maintain patients on a statin given the cardiovascular benefit, despite
possible risk of rhabdomyolysis [36].

Conclusion

The results of our study suggest that the discrepancy between
statin intolerance in clinical trials and clinical practice cannot be
explained by somatosensory amplification, anxiety, depression or pain
disorders. The presence of an affective and/or anxiety disorder will
likely augment the pain perception and somatization in a SI patient,
but the primary cause should be sought elsewhere [8].

Due to the sample size limitation of this study, additional
investigations should be performed to fully elucidate the
relationship between negative affective syndromes, pain syndromes,
pain perception disorders, or somatoform disorders and statin
intolerance.
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