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Abstract

Background: As recurrent myocardial infarctions (MIR) constitute almost a third of the annual
Mls, identifying traditional and novel variables related to MIR is important.

Obijective: The aim of this study was to examine modifiable cardiac risks, adiposity, symptoms
associated with inflammation (fatigue, depression, sleep) and inflammatory cytokines and MIR by
sex and race.

Methods: Using a cross sectional descriptive design, we recruited a convenience sample of
adults (N =156) discharged with first M1 or had MIR in the last 3 to 7 years. Surveys measured
demographics, cardiac risk factors, depression, sleep, and fatigue. Anthropometric measures
and cytokines TNFa., IL-6, and hsCRP were obtained. A maximum likelihood regression was
calculated to predict MIR.

Results: The sample included 57% men and 30% Black participants, and the mean age was 65
years (SD = 12). The hsCRP was the only cytokine related to symptoms: fatigue (/= .309, p <
.001) and depression (r=.255, p =.002). An MIR was not associated with race despite White
participants reporting better sleep (= -3.25 (146), p =.002), lower BMI (¢=-3.49 (154), p =
.001), and fewer modifiable risk factors (#=-2.05 (152), p =.04). An MIR was associated with
being male, higher hsCRP and TNFa levels (p < .001), and higher inflammatory symptoms of
fatigue (p =.04), depression (p =.01) and poor sleep (p <.001).

Conclusion: Further examination of biomarkers to understand the mechanisms associated with

inflammatory symptoms of fatigue, depression, and poor sleep and MIR is needed.
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Heart disease is a leading cause of death and disability in the United States, and the
prevalence of myocardial infarction (MI) is greater than that of heart failure and stroke.
Despite positive secondary prevention strategies post Ml, including statin use and lifestyle
changes, 32% of the annual Mls are recurrent.1 Unfortunately, Ml recurrence (MIR) differs
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by race and sex. More women (21%) =45 years of age will have a MIR or fatal coronary
heart disease (CHD) within five years compared to men (17%). Blacks have a higher
proportion of MIR than Whites with the highest proportional difference in the 65 to 74 years
of age range (30% Black males to 12% White males; 30% of Black females to 17% White
females).! Because an M1 is associated with morbidity, such as heart failure, understanding
those at highest risk for MIR is important to employ interventions to prevent or delay MIR.

Differences in MIR by sex and race may be related to dissimilarities in modifiable cardiac
risk factors. Women have higher body mass index (BMI) and higher dyslipidemia than
men.3 Compared to Whites, Black adults have more diabetes (13% vs. 9%):4 hypertension
(40% vs. 28%);° and obesity (36% vs. 24%).5 However, 8 to 41% of persons experiencing
an MI have no risk factors.” Thus, modifiable risk factors alone may not identify those at
risk for MIR.

In addition to traditional modifiable risk factors, inflammation is associated with an
increased risk for CHD. The primary cause of CHD is atherosclerosis, an inflammatory
disease® involving low density lipoproteins (LDL) that contribute to the development of
foam cells via macrophages. This process results in further inflammation affecting LDL
movement and the binding of LDL to endothelium leading to the production of cytokines
(e.g. interleukins [IL] and tumor necrosis factor [TNF]). An increase of one standard
deviation from baseline of 1L-6 and TNFa is associated with an MI or CHD related death.®
Statins are effective in reducing LDL and the resultant inflammatory cascade.10 Yet, only
40% of women (7= 34,589) and 34% of men (7= 87,869) have hyperlipidemia.” Thus,

a large proportion of persons post Ml may have unattenuated inflammation. Examining
inflammation and correlates of inflammation may be important in understanding risk for
MIR.

Obesity contributes to inflammation. Adipocytes produce adipokines which increase
inflammation. Increased adipocytes result in a higher production of cytokines, chemokines,
and acute phase proteins, specifically, IL-1pB, IL-6, and TNFa..11 Interleukin 6 and hsCRP
are strongly correlated with body mass index!2 and waist circumference.13

Inflammation may be an important clinical indicator of post Ml symptomology that would
affect secondary prevention behaviors, such as participation in physical activity, as well

as indicate those at highest risk for MIR. Symptomology associated with inflammation
includes increased fatigue, depression, and poor sleep. This symptom cluster, deemed
sickness syndrome, is associated with a brain-mediated response to inflammation.14.1°

Pro-inflammatory cytokines have catabolic influence on skeletal muscle,'8 and prolonged
exposure may contribute to fatigue in adults. Fatigue that persists post Ml is a significant
problem as up to 77%%7 report fatigue 6 to 12 months post MI. Both men and women report
similar levels of fatigue post MI1,17 and these levels are comparable to cancer fatigue.1819
Thus, fatigue post Ml may be associated with inflammation.

Although depression and fatigue are related,17+20 research indicates that they are
distinct.2122 The connections between depression and cardiovascular disease (CVD) are not
fully understood. Both the SADHART (testing sertraline compared to placebo), ENRICHD

J Cardiovasc Nurs. Author manuscript; available in PMC 2022 August 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Abel et al.

Methods

Design

Page 3

(testing cognitive behavioral-therapy combined with SSRI when indicated compared to usual
care), and other trials have demonstrated a decrease in depression following intervention,

but there was no benefit for cardiac morbidity or mortality.23 Depression in adults has been
associated with inflammatory markers,24 specifically 1L-6, and hsCRP, but inflammation
explained a small portion of depression and CVD incidence.25 Examining depression as a
component of sickness syndrome associated with inflammation and MIR is important.

Poor sleep, including disturbed sleep, prolonged and shortened sleep, and insomnia may
also be associated with MIR. About 50 to 70 million Americans suffer from sleeping
issues.26 Sleep disturbances activate inflammation pathways and increase 1L-6, hsCRP,
and/or TNFa..2’-29 Women with long sleep durations have higher hsCRP after adjusting for
covariates, and higher hsCRP levels were associated with less than five hours of sleep in
Black adults.3% More Black adults report short sleep duration (<7 hours) than White adults
(46% vs. 33%).31 Insomnia symptoms, especially difficulty initiating sleep, are associated
with acute MI in both men and women and may increase the risk of M1 by 27 to 45%.32
Those with insomnia had about twice the incidence (2.25 versus 1.08 per 1000 person-years)
of acute MI as those without insomnia. However, little is known about poor sleep and MIR.

Identifying specific variables or groups of variables related to MIR that are amenable to
monitoring and secondary prevention interventions are important in reducing the number of
recurrent MlIs. The purpose of this study was to examine modifiable cardiac risks, adiposity,
inflammatory symptoms of fatigue, depression, poor sleep, and inflammatory cytokines in
those with and without MIR by race (White and non-White) and sex. Research questions
were: (1) Are there differences by sex and race in cardiac risks, adiposity [waist hip ratio,
BMI], fatigue, depression, sleep and inflammatory cytokines [TNFa., IL-6, hsCRP], in those
who have MIR and those without MIR?; and (2) Which factors (modifiable cardiac risks,
adiposity [waist hip ratio, BMI], fatigue, depression, sleep and inflammatory cytokines
[TNFa, IL-6, hsCRP]) are most strongly related to MIR?

We used a cross-sectional descriptive design to address the research questions. A
convenience sample of 156 participants were recruited from two medical centers that

are part of different healthcare systems in the southeastern United States. Both medical
centers served as regional referral centers for underserved and high minority populations.
Participants included English speaking adults over the age of 25 discharged within the last

3 to 7 years with a medical diagnosis of MI. We excluded those who took antidepressant
medication for depression for less than 3 months, scored 6 or above on the Abbreviated
Mental Test, had major surgery requiring an overnight hospital stay within the last six
months, and self-reported having a diagnosis of multiple sclerosis, HIV/AIDS, chronic
fatigue syndrome, or rheumatoid arthritis. In this region, 19% of discharges with a diagnosis
of MI were Black. To obtain adequate representation, we oversampled to achieve a minimum
of 30% Black participants. Institutional Review Board approval was obtained from the
university and both medical centers.
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Cardiac risk.—Data were collected 3 to 7 years after discharge from the hospital with
either a first M1 or a recurrent MI. Because the hospital medical record may not accurately
reflect current comorbidities 3 to 7 years after discharge, self-reported comorbidities

were measured by adapting and combining the Chronic Disease Score33:34 and the
Charlson Comorbidity Index.3> The Chronic Disease Score tool lists 17 chronic (comorbid)
conditions, including conditions found associated with cardiac risk in the literature. To
capture all pertinent comorbidities, we added five from the Charlson Comorbidity Index
that were not listed on the Chronic Disease Score that included: peripheral vascular
disease, cerebrovascular disease, liver disease, hemiplegia, and renal disease. These data
were collected and recorded on the investigator developed Demographic Health Status
(DHS) form which also included questions related to physical activity and smoking. In
addition, height and weight were measured using standardized equipment and procedures.
Cardiac risk was calculated by summing the presence of the following modifiable risk
factors: hypertension, hyperlipidemia, current smoker, diabetes, obesity (BMI = 30), and low
physical activity (range from 0 to 6).

Adiposity.—Adiposity was determined using two measures: waist hip ratio (WHR) and
BMI. We used girth and hip measurements to calculate the WHR using the formula:

waist circumference/hip circumference. A Gulick tension tape measure was used to assess
circumferences. We calculated BMI using the formula: weight in kilograms/height in meters
squared.

Fatigue.—Fatigue was measured using the Revised Piper Fatigue Scale (RPFS).3¢ This
22-item tool measures four dimensions of fatigue on a 0 to 10 Likert scale. A total fatigue
score was calculated by adding scores for the 22 items and dividing by 22. Scores range
from 0 to 10 with higher scores reflecting more fatigue. Reliability and validity for this scale
are moderate to strong.36 In this study, we noted a Cronbach alpha of .95 for the total fatigue
score.

Depression.—Depression was measured using the Center for Epidemiologic Studies
Depression Scale (CES-D).37:38 The CES-D was chosen as the depression measure because
(a) it is a 20-item scale (4 possible responses, 0 to 3, for each question and total possible
scores of 0-60) with only one question that may be related to fatigue, tiredness, or energy:

“I could not ‘get going’”; (b) it is suitable for both men and women and minorities; and (c)

it has good internal consistency and acceptable test-retest reliability. A score = 16 indicates a
high level of depression. Cronbach’s alpha for this study was .90.

Sleep.—We used the Pittsburgh Sleep Quality Index (PSQI) to measure sleep. This tool is
a self-rated questionnaire with 19 items yielding seven sleep components: subjective sleep
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of
medication, and daytime dysfunction. The sum of the components provides a global score
with higher scores indicating worse sleep quality. Global PSQI score greater than five had
89.6% sensitivity and 86.5% specificity in identifying poor and good sleepers.39 The global
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score test-retest reliability is .87 and is valid in those with primary insomnia.#? In this study,
internal consistency was .75 for the global score.

Inflammation.—Two cytokines (IL-6, TNF-a) were analyzed using ELISA kits from R&D
Systems, Inc., Minneapolis, MN, and hsCRP was measured in plasma using ELISA kit
Quantikine Colorimetric Sandwich #DHSCRPO00. The minimum detectable concentration
for this assay is 0.010 ng/ml with a precision inter-assay of <6.5%, and intra-assay variation
of <5.5% according to the manufacturer’s product information.

Site collaborators, employees of the medical centers, obtained a list of all adults discharged
within a medical diagnosis of MI according to ICD codes 3 to 7 years prior to data collection
(2011-2014) and meeting the inclusion criteria. The site collaborator contacted those on the
list by telephone to explain the study and ascertain interest. Those agreeing to be contacted
by study personnel (N = 178) were screened by telephone for eligibility, and a time for data
collection was scheduled for those who were eligible. Fourteen refused to participate due to
family caregiving responsibilities, traveling, or hospitalizations and eight met the exclusion
criteria. Data were collected at a location convenient for the participant to minimize barriers
such as transportation and facilitate recruitment. After completing informed consent, the
DHS form, including the PSQI, were completed. Next, the anthropometric measures were
assessed, and a venous blood sample was collected. Timing of this was scheduled to allow
for observation of abnormal bleeding as many participants were prescribed medication

that affected clotting. Specimen collection, preparation, and handling followed standard
guidelines. Venous blood samples were centrifuged at ~1200 x g in a portable centrifuge,
plasma was transferred in aliquots into ~6 prelabeled cyrovials and placed on ice in a
portable refrigerator until stored. All samples were stored in a —20C freezer until analyses.
Lastly, participants completed the RPFS and the CES-D. At the completion of all study
components, participants received a monetary incentive of $50.

Data Analyses

Results

Descriptive statistics were used to characterize the sample. Missing data were addressed
using standard substitution or imputation methods. Distributions were assessed for
normality, with transformation and truncation used as appropriate. A Pvalue of .05 was used
for statistical significance. The researchers used the “lavaan” package within the R statistical
software. A maximum likelihood (ML) regression was used to calculate a multivariate
regression path analysis to predict MIR, sex, and race from maodifiable cardiac risk factors,
adiposity, BMI, fatigue, depression, sleep, TNFa, IL-6, and hsCRP. There is no overall test
of model fit for ML regression. A ML multiple regression allows for all the residuals to
covary and allows for more accurate estimates.

The final sample (N = 156) was comprised of 57% men (7= 89), 30% Blacks (n7= 46), and
68% Whites (n7=106). Four participants identified as “other race.” Ages ranged from 34
to 92 (M= 65; SD = 12). Most were married (7= 96; 62%), and 51% had a high school
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education or less. Almost a third (31%) had an average annual household income of $20,000
or less. Most of the sample (65%; n= 102) had experienced only one MI. Over half of the
sample continued to experience fatigue (56%) post Ml, 14% had no depression, and 34%
had a PSQI score < 5 indicating good sleep. The hsCRP was the only cytokine significantly
associated with the symptoms of fatigue (r=.309; p <.001) and depression (r=.255; p =
.002). Whites reported better sleep (£= —3.35 (146); p =.002), had lower BMI (¢= -3.49
(154); p =.001), and fewer modifiable cardiac risk factors (#=-2.05 (152); p =.04). The
only variable to differ by sex was WHR, with women having higher WHR than men (=
5.35; (154); p <001) (see Table 1).

A ML multiple regression analysis was calculated to predict MIR, sex, and race from the
variables (see Figure 1). Three paths were significant by race: modifiable cardiac risk factors
(p =.01), BMI (p <.001), and PSQI (p =.01). Only WHR was significant by sex (p <001).
The inflammatory symptoms of fatigue (p =.04), depression (p =.01) and sleep (p <.001)
all significantly related to MIR with depression having the highest influence (p = 2.58). Two
cytokines, TNFa (o <.001) and hsCRP (p <.001), also influenced MIR. Male sex was
associated with MIR (B= -.48), but race was not associated with recurrence. All regression
coefficients are summarized in Table 2.

Discussion

The proportion of those in this study with MIR recurrence was similar to the national
proportions of 33%.1 The association of male sex to MIR may be related to men having
their first M1 at younger ages than women. Lundblad and colleagues*! noted that although
the trend for experiencing a recurrent Ml is decreasing in both men and women over time,
compared to women, a greater proportion of men experience MIR. These differences may
be attributed to modifiable cardiac risk factors that account for over 90% of MI risk.42
Interestingly, in our study there was a difference in adiposity (WHR) but not modifiable
cardiac risk factors by sex.

Increased adiposity is associated with inflammation. Our finding of significant sex
differences in WHR, with women having a higher WHR, is similar to a recent study.*3
However, in this study increased abdominal obesity after having a MI was noted in

both sexes. A greater waist circumference was independently associated with a recurrent
cardiovascular event especially in men. This study along with others have suggested the use
of both BMI and WHR to identify those at highest risk.43-45 However, these studies had
measures for risk of coronary artery disease, not specifically MIR. These results support the
multiple measures of adiposity to understand risk of MIR.

Race did not contribute to MIR in this sample. Differences were noted by race in modifiable
cardiac risk factors, BMI, and sleep with the greatest association of race with BMI.

Yet, these differences did not yield differences in MIR. Similarly, another study did not

find differences in MIR by race but did note that cardiovascular risks of hypertension,
hypercholesterolemia, and current smoking all significantly contributed to MIR.46 A recent
study*’ noted that 1- and 5-year mortality rates were higher for Blacks compared to Whites,
but reported that these differences were a marker for other factors such as socioeconomic,
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psychosocial, and health status. Of these factors, socioeconomic status was the strongest
differentiator between Blacks and Whites. Thus, results from this study should be used with
caution as there was a smaller proportion of non-White participants and socioeconomic
status was not included in the model.

The three symptoms associated with inflammation were all associated with MIR. The
strongest association was with depression. Because we did not ascertain disease severity or
onset of depression in this sample, it is difficult to understand the pathology of depression
post MI. Following an M, depression has been associated with an increased risk of
cardiovascular events and death.#8 Further, data from studies suggest depression may be
related to obesity,*%50 inflammation, %122 and insufficient sleep.234 Similarly, in the current
study, MIR was significantly related to depression, inflammation, and sleep, whereas obesity
was only significantly associated with race. Research to understand the relationships of
obesity to inflammation and depression as a risk for MIR is warranted.

Poorer sleep was also associated with MIR, and we found significant associations between
sleep by race and MIR. These results were supported by previous studies noting sleep
disturbance by race. Grandner et al.30 reported that non-White participants who obtained
less than 5 hours of sleep and 8 hours of sleep had greater levels of hsCRP. Consequently,
poorer sleep was associated with inflammation and increased cardiovascular risk. Although
there was no association with sleep and hsCRP in this study, both were significantly related
to MIR. Alcéantara et al.>® found that shorter sleep, less than 7 hours of sleep, was associated
with a 1-year risk of recurrent acute coronary syndrome including MI. While the current
study addressed poor sleep with MIR, most studies focus on sleep and primary Mls. Further
research is needed to understand sleep and other symptoms associated with inflammation
and MIR.

Fatigue was prevalent in this study 3 to 7 years post MI with 56% continuing to report
fatigue. Most studies of fatigue and MI do not address M1 recurrence.>%-58 In contrast to
our findings, Johansson et al.?9 reported that fatigue did not correlate with a previous MI.
While the presence of fatigue as a prodrome to an M1 has been identified for women,60.61
little is known about fatigue and MIR. Furthermore, because the current study sample was
comprised of 57% men and being a male was associated with MIR, additional research is
needed to understand fatigue as a prodrome to MIR.

All of the symptoms associated with sickness syndrome - fatigue, depression, and poor
sleepl4 were significant in our model with MIR. Only two of the cytokines, hsCRP and
TNFa, were associated with MIR. Downstream hsCRP was the only cytokine associated
with the symptoms of depression and fatigue. The association of hsCRP to MIR 3 to 7
years post Ml is consistent with a study reporting that concentrations of hsCRP over 4
years is similar to concentrations of total cholesterol over the same time period and is as
predictive of cardiovascular events as cholesterol.52 The association of TNFa with MIR
after primary Ml in our study is similar to findings from a study examining TNFa. in those
post M1 without clinical evidence of heart failure. In this study, investigators®3 found that
TNFa collected on average nine months after Ml was associated with increased risk of
recurrent cardiac events, and those with TNFa in the highest level had a 3 fold increased
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risk for recurrent MI. While we know inflammatory cytokines are associated with risk of
cardiovascular events and a one standard deviation higher baseline level for IL-6 and TNFa
is associated with 10 to 25% higher risk of M1 or death,® no studies were found examining
the relationship of inflammation to symptoms of fatigue, depression and poor sleep to MIR.

Pharmacological interventions to attenuate inflammation post MI have had mixed results.
The CANTOS trial® testing the efficacy of Canakinumab, a IL-1B blocker, in reducing
cardiovascular events has demonstrated a reduction in events independent of lipid levels

in reducing hsCRP. However, the Cardiovascular Inflammation Reduction Trial testing the
efficacy of methotrexate in reducing cardiovascular events post Ml did not note a benefit in
reducing hsCRP, IL-6, or IL-1p nor in affecting cardiovascular outcomes.%> Most recently
atrial to test the effect of colchicine®® on reducing cardiovascular events 2 years post Ml
noted a reduction in stroke and hospital visits compared to placebos. Differences in these
results may be related to the complexity of the inflammatory cascade, the heterogeneity in
post M1 pathology, and the length of follow up.67:68

This study provides important preliminary understanding of symptoms of inflammation

and biomarkers of inflammation in relation to MIR. Further examination of biomarkers to
understand the mechanisms associated with inflammatory symptoms of fatigue, depression,
and poor sleep as related to MIR are needed.89 Results of this study supported inflammation
as important in MIR 3 to 7 years post MI. The symptoms associated with inflammation were
also significantly related to MIR. In fact, symptoms related to MIR were more important
than modifiable cardiac risks. Our findings noted the continuation of fatigue, depression, and
poor sleep 3 to 7 years post MI. In addition to increasing associations with MIR, this is
concerning as these symptoms may affect quality of life and participation in physical activity
at levels to provide cardiovascular benefit.

While the symptoms of sickness syndrome - fatigue, depression, and poor sleep- were all
related to MIR in this study, findings should be interpreted with caution as these data were
cross sectional. Further, other variables not collected in this study may have influenced the
findings. Despite these limitations, this study provides support for clinicians to examine
symptoms associated with inflammation when identifying those who may be at risk for
MIR.

The purpose of this study was to examine factors associated with MIR by sex and race.

The symptoms of sickness syndrome including fatigue, depression, and poor sleep along
with two biomarkers, TNFa and hsCRP, and being male were all related to MIR. In our
sample, symptoms related to MIR were more important than modifiable cardiac risks. These
findings suggest addressing other factors associated with MIR. To affect the proportion of
MIR, additional research is needed to understand the importance of inflammation and the
symptoms of fatigue, depression and poor sleep in identifying those at highest risk for a
recurrent cardiovascular event and developing targeted interventions to delay or prevent
MIR.

J Cardiovasc Nurs. Author manuscript; available in PMC 2022 August 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Abel et al.

Page 9

Acknowledgments

The University of North Carolina at Greensboro Teamwork in Research and Intervention to Alleviate Disparities
(TRIAD) Center of Excellence in Health Disparities Research funded by National Institute on Minority Health and

He

alth Disparities of the National Institute of Health Grant P20 MD002289 funded this work. P.B.C. conceived the

presented idea and W.M.A was involved in the planning. P.B.C. and W.M.A. assisted with data collection. L.N.S.
and P.B.C. conducted the statistical analysis. All authors analyzed the data, discussed the results, and contributed to
writing the final manuscript.

References
1

10

11.

12

13.

14.

15.

16.

17.

. Virani SS, Alonso A, Benjamin EJ, et al.Heart disease and stroke statistics-2020 update: A report

from the American Heart Association. Circulation2020;141(9):e139-e596. [PubMed: 31992061]

. Gerber Y, Weston SA, Enriquez-Sarano M, et al.Atherosclerotic burden and heart failure after

myocardial infarction. Journal of the American Medical Association Cardiology. 2016;1(2):156—
162. [PubMed: 27437886]

. Peters S, Muntner P, Woodward M. Sex differences in the prevalence of, and trends in,

cardiovascular risk factors, treatment, and control in the United States, 2001 to 2016. Circulation.
2019;139(8):1025-1035. [PubMed: 30779652]

. Centers for Disease Control and Prevention. National Diabetes Statistics Report, 2020. 2020.
. Fryar CD, Ostchega Y, Hales CM, Zhang G, Kruszon-Moran D. Hypertension prevalence and

control among adults: United States, 2015-2016. National Center for Health Statistics. 2017:NCHS
data brief, 289.

. Centers for Disease Control and Prevention. Differences in Prevalence of Obesity Among Black,

White, and Hispanic Adults --- United States, 2006--2008. Morbidity and Mortality Weekly
Reports. 2009, 71758(27):740-744.

. Khot UN, Khot MB, Bajzer CT, et al.Prevalence of conventional risk factors in patients with

coronary heart diseaseJ Am Med Assoc. 2003;290(7):898-904.

. Ross R. Atherosclerosis: An inflammatory disease. N Engl J Med. 1999;340(2):115-126. [PubMed:

9887164]

. Kaptoge S, Seshasai SRK, Gao P, et al.Inflammatory cytokines and risk of coronary heart disease:

New prospective study and updated meta-analysisEur Heart J. 2014;35(9):578-589. [PubMed:
24026779]

. Ridker PM, Danielson E, Fonseca FAH, et al.Rosuvastatin to prevent vascular events in men

and women with elevated C-reactive protein. N Engl J Med. 2008;359(21):2195-2207. [PubMed:
18997196]

Makki K, Froguel P, Wolowczuk 1. Adipose tissue in obesity-related inflammation and insulin
resistance: cells, cytokines, and chemokines. ISRN inflammation. 2013;2013 (139239).

. Illan-Goémez F, Gonzalvez-Ortega M, Orea-Soler I, et al.Obesity and inflammation: change in
adiponectin, C-reactive protein, tumour necrosis factor-alpha and interleukin-6 after bariatric
surgery. Obes Surg. 2012;22(6):950-955. [PubMed: 22527592]

Wannamethee SG, Whincup PH, Rumley A, Lowe GDO. Inter-relationships of interleukin-6,
cardiovascular risk factors and the metabolic syndrome among older menJ Thromb Haemost.
2007;5(8):1637-1643. [PubMed: 17596140]

Saper CB, Romanovsky AA, Scammell TE. Neural circuitry engaged by prostaglandins during the
sickness syndrome. Nat Neurosci. 2012;15(8):1088-1095. [PubMed: 22837039]

Dantzer R, O’Connor JC, Freund GG, Johnson RW, Kelley KW. From inflammation to sickness
and depression: when the immune system subjugates the brain. Nature Reviews Neuroscience.
2008;9(1):46-56. [PubMed: 18073775]

Patel HJ, Patel BM. NF-a and cancer cachexia: Molecular insights and clinical implications. Life
Sci. 2017;170:56-63. [PubMed: 27919820]

Crane PB, Abel WM, McCoy TP. Fatigue and physical activity after myocardial infarction. Biol
Res Nurs. 2015;17(3):276-284. [PubMed: 25027036]

J Cardiovasc Nurs. Author manuscript; available in PMC 2022 August 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Abel et al.

Page 10

18. Bower JE. Cancer-related fatigue--mechanisms, risk factors, and treatments. Nature reviews
Clinical oncology. 2014;11(10):597-608.

19. Meeske K, Smith AW, Alfano CM, et al.Fatigue in breast cancer survivors two to five years
post diagnosis: a HEAL Study report. Quality of Life Research2007;16(6):947-960. [PubMed:
17457697]

20. Lee CH, Giuliani F. The role of inflammation in depression and fatigue. Front Immunol.
2019;10:1696. [PubMed: 31379879]

21. Corfield EC, Martin NG, Nyholt DR. Co-occurrence and symptomatology of fatigue and
depression. Compr Psychiatry. 2016;71:1-10. [PubMed: 27567301]

22. Balog P, Falger P, Szah6 G, Rafael B, Székely A, Konkoly Thege B. Are vital exhaustion
and depression independent risk factors for cardiovascular disease morbidity?Health Psychol.
2017;36(8):740-748. [PubMed: 28368142]

23. Joynt KE, O’Connor CM. Lessons from SADHART, ENRICHD, and other trialsPsychosom Med.
2005;67Suppl 1:563-S66. [PubMed: 15953805]

24. Miller GE, Stetler CA, Carney RM, Freedland KE, Banks WA.. Clinical depression and
inflammatory risk markers for coronary heart disease. Am J Cardiol. 2002;90(12):1279-1283.
[PubMed: 12480034]

25. Vaccarino V, Johnson BD, Sheps DS, et al.Depression, inflammation, and incident cardiovascular
disease in women with suspected coronary ischemia: The National Heart, Lung, and Blood
Institute-sponsored WISE study. J Am Coll Cardiol. 2007;50(21):2044-2050. [PubMed:
18021871]

26. Colten HR, Altevogt BM, Institute of Medicine (US) Committee on Sleep Medicine and Research,
eds. Sleep disorders and dleep deprivation: An unmet public health problem. Washington DC:
National Academies Press (US); 2006.

27. Cho HJ, Seeman TE, Kiefe CI, Lauderdale DS, Irwin MR. Sleep disturbance and longitudinal risk
of inflammation: Moderating influences of social integration and social isolation in the Coronary
Artery Risk Development in Young Adults (CARDIA) study. Brain Behav Immun. 2015;46:319—
326. [PubMed: 25733101]

28. Irwin MR, Olmstead R, Carroll JE. Sleep disturbance, sleep duration, and inflammation: A
systematic review and meta-analysis of cohort studies and experimental sleep deprivation. Biol
Psychiatry. 2016;80(1):40-52. [PubMed: 26140821]

29. Irwin MR. Sleep and inflammation: Partners in sickness and in health. Nature Reviews
Immunology. 2019;19(11):702-715.

30. Grandner MA, Buxton OM, Jackson N, Sands-Lincoln M, Pandey A, Jean-Louis G. Extreme
sleep durations and increased C-reactive protein: Effects of sex and ethnoracial group. Sleep.
2013;36(5):769-779E. [PubMed: 23633760]

31. Centers for Disease Control and Prevention. Short sleep duration among US adults. 2017.

32. Laugsand LE, Vatten LJ, Platou C, Janszky I. Insomnia and the risk of acute myocardial infarction:
a population study. Circulation. 2011;124(19):2073-2081. [PubMed: 22025601]

33. Von Korff M, Wagner EH, Saunders K. A chronic disease score from automated pharmacy data. J
Clin Epidemiol. 1992;45(2):197-203. [PubMed: 1573438]

34. Putnam KG, Buist DS, Fishman P, et al.Chronic disease score as a predictor of hospitalization.
Epidemiology. 2002;13(3):340-346. [PubMed: 11964937]

35. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic
comorbidity in longitudinal studies: Development and validation. J Chronic Dis. 1987;40(5):373—
383. [PubMed: 3558716]

36. Piper BF, Dibble SL, Dodd MJ, Weiss MC, Slaughter RE, Paul SM. The revised Piper Fatigue
Scale: psychometric evaluation in women with breast cancer. Oncol Nurs Forum. 1998;25(4):677-
684. [PubMed: 9599351]

37. Radloff LS. The CES-D Scale: A self-report depression scale for research in the general
population. Appl Psychol Meas. 1977;1(3):385-401.

38. Carleton RN, Thibodeau MA, Teale MJ, et al.The center for epidemiologic studies depression
scale: a review with a theoretical and empirical examination of item content and factor structure.
PLo0S One. 2013;8(3):658067. [PubMed: 23469262]

J Cardiovasc Nurs. Author manuscript; available in PMC 2022 August 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Abel et al.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Page 11

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality

Index: A new instrument for psychiatric practice and research. Psychiatry Res. 1989;28:193-213.
[PubMed: 2748771]

Backhaus J, Junghanns K, Broocks A, Riemann D, Hohagen F. Test-retest reliability and validity
of the Pittsburgh Sleep Quality Index in primary insomnia. J Psychosom Res. 2002;53(3):737-740.
[PubMed: 12217446]

Lundblad D, Holmgren L, Jansson JH, Né&slund U, Eliasson M. Gender differences in trends of
acute myocardial infarction events: the Northern Sweden MONICA study 1985 — 2004. BMC
Cardiovasc Disord. 2008;8:17. [PubMed: 18655697]

Yusuf S, Hawken S, Ounpuu S, et al.Effect of potentially modifiable risk factors associated with
myocardial infarction in 52 countries (the INTERHEART study): Case-control study. Lancet.
2004;364(9438):937-952. [PubMed: 15364185]

Mohammadi H, Ohm J, Discacciati A, et al. Abdominal obesity and the risk of recurrent
atherosclerotic cardiovascular disease after myocardial infarction. European Journal of Preventive
ardiology. 2020:2047487319898019. Advance online publication.

Bowman K, Atkins JL, Delgado J, et al.Central adiposity and the overweight risk paradox in aging:
Follow-up of 130,473 UK Biobank participants. Am J Clin Nutr. 2017;106(1):130-135. [PubMed:
28566307]

Sharma S, Batsis JA, Coutinho T, et al.Normal-weight central obesity and mortality risk in older
adults with coronary artery disease. Mayo Clin Proc. 2016;91(3):343-351. [PubMed: 26860580]
Naghavi M, Barlas Z, Siadaty S, Naguib S, Madjid M, Casscells W. Association of influenza
vaccination and reduced risk of recurrent myocardial infarction. Circulation. 2000;102(25):3039—
3045. [PubMed: 11120692]

Graham GN, Jones PG, Chan PS, Arnold SV, Krumholz HM, Spertus JA. Racial disparities

in patient characteristics and survival after acute myocardial infarction. JAMA Network Open.
2018;1(7):184240. [PubMed: 30646346]

Meijer A, Conradi HJ, Bos EH, et al.Adjusted prognostic association of depression following
myocardial infarction with mortality and cardiovascular events: Individual patient data meta-
analysis. Br J Psychiatry. 2013;203(2):90-102. [PubMed: 23908341]

Ha H, Han C, Kim B. Can obesity cause depression? A pseudo-panel analysis. J Prev Med Public
Health. 2017;50(4):262-267. [PubMed: 28768404]

Tyrrell J, Mulugeta A, Wood AR, et al.Using genetics to understand the causal influence of higher
BMI on depression. Int J Epidemiol. 2019;48(3):834-848. [PubMed: 30423117]

Raison CL, Capuron L, H. MA. Cytokines sing the blues: inflammation and the pathogenesis of
depression. Trends in Immunology2006;27(1):24-31. [PubMed: 16316783]

Halaris A. Inflammation, heart disease, and depression. Current Psychiatry Reports.
2013;15(10):400. [PubMed: 23975043]

Irwin MR. Why sleep Is important for health: A psychoneuroimmunology perspective. Annu Rev
Psychol. 2015;3(66):143-172.

Alcantara C, Biggs ML, Davidson KW, et al.Sleep disturbances and depression in the multi-ethnic
study of atherosclerosis. Sleep. 2016;39(4):915-925. [PubMed: 26715223]

Alcéntara C, Peacock J, Davidson KW, Hiti D, Edmondson D. The association of short

sleep after acute coronary syndrome with recurrent cardiac events and mortality. Int J Cardiol.
2014;171(2):e11-e12. [PubMed: 24365609]

Fredriksson-Larsson U, Alsén P, Karlson BW, Brink E. Fatigue two months after myocardial
infarction and its relationships with other concurrent symptoms, sleep quality and coping
strategies. J Clin Nurs. 2015;24(15-16):2192-2200. [PubMed: 25988847]

Alsén P, Brink E. Fatigue after myocardial infarction - A two-year follow-up study. J Clin Nurs.
2013;22(11-12):1647-1652. [PubMed: 23444979]

Horne CE, Johnson S, Crane PB. Comparing comorbidity measures and fatigue post myocardial
infarction. Appl Nurs Res. 2019;45:1-5. [PubMed: 30683244]

Johansson I, Karlson BW, Grankvist G, Brink E. Disturbed sleep, fatigue, anxiety and depression
in myocardial infarction patients. Eur J Cardiovasc Nurs. 2010;9(3):175-180. [PubMed:
20071239]

J Cardiovasc Nurs. Author manuscript; available in PMC 2022 August 28.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Abel et al.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Page 12

Blakeman JR, Stapleton SJ. An integrative review of fatigue experienced by women before and
during myocardial infarction. J Clin Nurs. 2018;27(5-6):906-916. [PubMed: 29076243]
McSweeney JC, Cody M, O’Sullivan P, Elberson K, Moser DK, Garvin BJ. Women’s

early warning symptoms of acute myocardial infarction. Circulation. 2003;108(21):2619-2623.
[PubMed: 14597589]

Emberson JR, Whincup PH, Morris RW, Walker M, Lowe GD, Rumley A. Extent of regression
dilution for established and novel coronary risk factors: results from the British Regional Heart
Study. European Journal of Cardiovascular Prevention and Rehabilitation2004;11(2):125-134.
[PubMed: 15187816]

Ridker PM, Rifai N, Pfeffer M, Sacks F, Lepage S, Braunwald E. Elevation of tumor

necrosis factor-alpha and increased risk of recurrent coronary events after myocardial infarction.
Circulation. 2000;101(18):2149-2153. [PubMed: 10801754]

Ridker PM, Everett BM, Thuren T, et al. Antiinflammatory therapy with Canakinumab for
atherosclerotic disease. N Engl J Med. 2017;377(12):1119-1131. [PubMed: 28845751]

Ridker PM. Anti-inflammatory therapy for atherosclerosis: interpreting divergent results from the
CANTOS and CIRT clinical trials. J Intern Med. 2019;285(5):503-509. [PubMed: 30472762]
Tardif J-C. Colchicine Cardiovascular Outcomes Trial - COLCOT. Paper presented at: American
Heart Association Annual Scientific Sessions; 1116, 2019, 2019; Philadelphia, PA.

Huang S, Frangogiannis NG. Anti-inflammatory therapies in myocardial infarction: Failures, hopes
and challenges. Br J Pharmacol. 2018;175(9):1377-1400. [PubMed: 29394499]

Palmer RD, Vaccarezza M. New promises and challenges on inflammation and atherosclerosis:
Insights from CANTOS and CIRT Trials. Frontiers in Cardiovascular Medicine. 2019;6:90.
[PubMed: 31312638]

Page GG, Corwin EJ, Dorsey SG, et al.Biomarkers as common data elements for symptom and
self-management science. J Nurs Scholarsh. 2018;50(3):276-286. [PubMed: 29575635]

Abel WM, Crane PB, McCoy TP. Differences in cardiovascular risks and symptoms post single and
recurrent myocardial infarction in Whites and Non-Whites. Southern Nursing Research Society
28th Annual Conference; 2014, February 12-14; San Antonio, TX, United States.

J Cardiovasc Nurs. Author manuscript; available in PMC 2022 August 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Abel et al. Page 13

Modifiable
cardiacrisk

0.55

Non White Adiposity
Vs (WHR)

White 418

BMI
2.04

Fatigue

1.24 </

MI Reoccur A D

VS
No Reoccurrence

PSQl
-0.48
TNFa
Male
Vs IL6
Female
N hsCRP
Only significant paths shown, p < .05

Figurel.
ML Multiple Regression to Predict MIR, Sex, and Race from the Variables
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Results of Descriptives and Differences of Variables by Sex and Race (N = 156)

Table 1.

Variables Descriptives Sex (FemalevsMale) Race (Other vs White)
M SD t df  pvalue t df  pvalue
Modifiable Cardiac Risk ~ 3.03 122 -371 152 711 —2.048 152 gg4*
Adiposity (WHR) 38.11 434 535 154 _gor* —024 154 .981
BMI 3110 734 —.468 154 .641 -349 154  go1*
RPFS 47.7  55.06 127 154 .899 —1.561 154 122
CES-D 8.86 981 —-1.73 153 .086 —1.622 153 .108
PSQI 6.97 386 —1.39 146 .165 —3.25 146 g *
TNFa 1.64 196 —.498 149 .619 -329 149 743
IL-6 3.18 238 —134 149 .182 —1.579 149 118
hsCRP 5.14 756 =275 149 784 —.257 149 797
Note:
*p <.05
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Table 2.

Results of ML Multiple Regression by MIR, Sex, and Race

M1 Reoccur Vs No Reoccurrence FemalevsMale Other vs White
Variables
B SE p B SE p g SE p
Modifiable Cardiac Risk 0.04 0.12 0.73 -.046 021 0.828 055 021 0.01*
Adiposity (WHR) 0.00 0.01 0.70 -0.07 0.02 0.00* 0.2 002 032
BMI 0.42 0.64 0.48 051 120 067 418 128 <.001*
RPFS 1.24 0.60 0.04* -0.08 098 094 092 112 0.41
CES-D 2.58 1.05 0.01* 325 172 006 205 186 0.27
PSQI 131 0.40 <.001* 108 066 010 055 021 0.01*
TNFa 0.42 0.09 <.001* 031 053 055 013 0.53 0.81
IL6 0.20 0.24 0.40 049 049 032 072 046 0.12
hsCRP 1.80 0.63 <.001* 1.04 169 054 003 210 0.99
MI Reoccur --- - - -0.48 023 0.04* 010 0.24 0.69

Notes. N = 156, Male is coded as 0, Female is coded as 1, White is coded as 0, Other is coded as 1
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