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Abstract

Background: Myocardial infarction (MI) may decrease sexual function and satisfaction in
men and can be influenced by anxiety, depression, and sexual fear. However, few studies have
examined short-term changes in sexual function over time in a post-MI population. This study
aimed to longitudinally describe changes in sexual function and satisfaction in a sample of men
post-Ml.

Methods: Eighteen patients were recruited from a Midwestern hospital. Surveys were mailed
two weeks and three months post discharge. Sexual function was measured with the Male

Sexual Function Index. Other variables collected included sexual fear (Multidimensional Sexuality
Questionnaire), anxiety and depressive symptoms (Patient-Reported Outcomes Measurement
Information System Anxiety and Depression 4a), and use of coping strategies (Coping Strategy
Indicator).

Results: Sexual function scores increased in the entire sample from 8.9 (SD 7.3) at two weeks
to 14.6 (SD 8.9) at three months (18.8% improvement, p=0.04). Men who were sexually active
improved their scores by 27.3% (p=0.01), while those who were not sexually active decreased
their scores by 2.3% (0=0.5). Depressive symptoms and anxiety scores were low and largely
stable across timepoints, though there were some improvements among men who were sexually
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active compared to those who were not. Decreased utilization of avoidance coping strategies was
reported in sexually active versus inactive men.

Conclusion: While sexual function improved within a short-time period post discharge among
sexually active men post-Ml, further research is needed with a larger sample to understand these
changes across a longer period. Additional research is also warranted to examine any potential
influence of psychosocial predictors.
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Background

Myocardial infarction (MI) remains a notable acute exacerbation of chronic cardiovascular
disease in the United States due to its high prevalence rates and negative effects on

patient health. Approximately 470,000 men in the U.S. were hospitalized for either a

new or recurrent MI between 2005 and 2014 [1]. These incidence rates have produced a
substantial population of 5.1 million adult male survivors [1]. Both first time and recurrent
Mls introduce new challenges for patients. The pathophysiological ramifications of Ml
increase activity intolerance, anxiety, depressive symptoms, and increase the probability of a
recurrent Ml [2,3]. Although improvements in medical management have reduced mortality
and readmission rates, other issues like sexual dysfunction often remain unaddressed. [4-6].
Sexual function in men consists of four main phases including excitement, plateau, orgasm,
and resolution [7]. Sexual dysfunction in men post-MI is therefore thought to be caused

by decreased blood flow to sex organs following cardiac injury [3]. In addition to sexual
function, sexual satisfaction pertains to an individual’s appraisal of the contentedness of
their sexual relationship including physical and emotional satisfaction [8].

Some cross-sectional research has evaluated sexual function post-MI [9, 10]. Symptoms

in men include erectile and orgasmic dysfunction, decreased sexual desire, and decreased
satisfaction with intercourse [11, 12]. While cross-sectional studies have measured sexual
function post-Ml, few studies provide a complete representation of sexual function and
satisfaction longitudinally, particularly within a short-term period post discharge. A review
of the literature using PubMed, CINAHL, PsycINFO, Scopus, and the Cochrane Database
of Systematic Reviews from 2005 to 2020 using sexual function and Ml terms found

only one longitudinal study that focused primarily on sexual activity and presence of a
functional problem, while dysfunctional severity and satisfaction were neglected [13]. While
this previously published article described a landmark study measuring sexual function in
this population, sexual function outcomes were only reported at 1-year post-MI, and was
limited to adults age 18-55 years, which represents only 20% of all post-MI patients. As
such, knowledge of short-term outcomes among adults aged greater than 55 years remains
unknown.

In addition to the pathophysiologic effects of MI, depressive symptoms and anxiety are often
associated with decreased sexual function and satisfaction. Chest pain during sexual activity
can increase sexual fear and decrease overall desire for intercourse [14-16]. This fear of
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sexual activity combined with anxiety and depression - commonly observed in patients after
MI - can negatively influence sexual function and satisfaction [2]. A previous cross-sectional
cohort study of 493 patients found that depressive symptoms significantly influenced the
relationship between sexual function and quality of life [3]. In another cohort study of

64 patients, sexual satisfaction was negatively related to anxiety, and sexual satisfaction
accounted for 42% of the variance in anxiety scores [17]. These negative psychological
symptoms can ultimately cause patients to adapt additional coping strategies. A previous
study of 121 men post-MI found a mediating effect of emotion-focused coping on negative
emotions and general well-being, which may also be linked to issues of sexual function and
health related quality of life [18].

Significance

Focusing only on sexual activity and presence of dysfunction at one year post-event without
also exploring short-term changes limits effective prescription of the support patients

need to improve sexual function (sexual aids) and overall sexual confidence (counseling).
Comprehensive descriptive studies in other chronic conditions, including diabetes and
cancer, suggest the need for additional longitudinal research examining short-term sexual
dysfunction and satisfaction changes in post-MI patients [19, 20]. Therefore, the purpose of
this study was to examine changes in sexual function and satisfaction as well as anxiety,
depressive symptoms, sexual fear, and utilization of coping strategies over time in a cohort
of men post-MI, and to also compare changes in sexual function by sexual activity status.

Methods

An observational cohort design was used to achieve study aims. Two weeks and three
months post discharge for M1 were selected to build a comprehensive and multidimensional
short-term trajectory of dysfunctional symptoms. This study was approved by the local
Institutional Review Board (IRB) at the health system of recruitment. All patients completed
informed consent before participation in the study. Once consented, patients were mailed
questionnaires the day following discharge from the hospital. A follow up phone call

was made with participants before two weeks and three months to remind them of study
requirements and answer potential questions.

Sample

Ninety-nine of 395-screened men and women were approached while hospitalized for an Ml
at one Midwestern university hospital. This study details the results of the men recruited
from this sample of 99, as there were not enough women to analyze longitudinally (/7=3).
The inclusion criteria were patients admitted to the hospital with an MI who could read and
write English. Diagnosis of MI was confirmed using chart review in addition to a troponin T
value exceeding the 99t percentile of a normal reference population (>18 ng/mL) [21]. The
exclusion criteria were pertinent comorbidities potentially impacting sexual health (prostate
cancer, COPD, or HIV infection), patients being treated for suicidal ideation or acute alcohol
withdrawal, or those with a life expectancy of less than one year.
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The dependent variables of sexual function and satisfaction were evaluated using a well-
validated self-report instrument, the Male Sexual Function Index (MSFI) [22]. The MSFI
was derived from the Female Sexual Function Index [23], which is considered the gold
standard in sexual function measurement. The subscales of this measure include desire,
arousal, erection, orgasm, and satisfaction. The Cronbach’s alphas for each subscale are
0.85, 0.82, 0.76, 0.66 and 0.82, respectively [24]. The total score range for the MSFI is 2—
30, with higher scores indicating better sexual function. While being sexually active was not
a requirement to participate in this study, a participant’s sexual activity status does influence
scoring on the arousal, erection, and orgasm subscales (i.e. patients are scored a 0 for no
activity).

Several key variables related to sexual function were measured using validated instruments
including sexual fear, anxiety, depressive symptoms, and coping strategies. Sexual fear

- defined as “fear of engaging sexually with an individual” - was measured using the
sexual fear subscale of the Multidimensional Sexuality Questionnaire (MSQ) [25]. The
sexual fear subscale ranges from 0-20, with higher scores indicating more sexual fear.

The Cronbach’s alpha of the sexual fear subscale is 0.82 [25]. Anxiety and depressive
symptoms were measured with the Patient-Reported Outcomes Measurement Information
System (PROMIS) - Anxiety and Depression Short Form 4a [26]. Both measurements range
from 0-20, with higher scores indicating worse anxiety or worse depressive symptoms.
The Cronbach’s alpha is 0.89 for the Anxiety Short Form and 0.93 for the Depression
Short Form [26]. Lastly, utilization of coping strategies was measured with the Coping
Strategy Indicator (CSI). The CSI consists of three subscales: two representing positive
coping strategies (seeking support, problem solving), and one representing negative coping
strategies (avoidance) [27]. Each subscale is scored from 11-33, with a higher score
indicating an increased use of that coping strategy. The Cronbach’s alphas for these
subscales range from 0.84 to 0.93 [27].

Demographic variables including employment, marital status, cardiac rehabilitation status,

and education were collected using a demographic survey. Left ventricular ejection fraction
(LVEF) percentages were used to determine basic cardiac function. Type of Ml (occlusion

vs. demand ischemia), ST or non-ST segment elevated (STEMI/NSTEMI), and troponin T

levels were collected to assess for M1 severity. These clinical variables were obtained from
the medical record.

Statistical Analyses

All analyses in this study were performed using SAS version 9.4 (SAS Institute, Cary, NC).
MSFI scores were summarized as frequencies, means (SD), and ranges at each timepoint.
The continuous subscales of desire, arousal, erection, orgasm, and satisfaction scores on the
MSFI were compared from two weeks to three months. Univariate statistics were applied to
check the normality of the data. Scores were not normally distributed at the first timepoint,
so Wilcoxon signed rank tests were used. Depressive symptoms, anxiety, use of coping
strategies, and sexual fear were normally distributed allowing use of t-tests to examine mean
changes. Some data were missing among the satisfaction subscales for four participants for
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questions pertaining to partnered sexual activity, so the satisfaction subscale and total score
changes were calculated with these participants removed. Given that these missing data were
from unpartnered individuals and therefore less likely to be missing at random, multiple
imputation was not conducted [28].

Subgroup analyses were conducted to assess for differences among those who were sexually
inactive at three months compared to those who either became or were always active.
Individual MSFI item responses were also examined to assess for clinical significance by
determining what percentage of patients reported slight, moderate, or no difficulties with a
particular aspect of sexual function. T-score transformation of the PROMIS measurements
were also calculated to assess for clinical significance. These t-scores were based on
established cut points among a sample of adults with a mean age of 59.3 years [29].

Percent changes were calculated as a change of the total possible score of a measurement

or subscale, rather than the change over the first timepoint. A statistical significance level of
0.05 was adopted.

While 52 men consented, only 18 returned all survey materials (final completion
rate=34.6%). Primary reasons for attrition were a loss to follow up (55.7%), while 7.7%
withdrew, and 3.8% were either ineligible or deceased. The study sample (AM=18) included
17 White men and 1 Native American man. The mean age of the sample was 60.5

13.6 years. Participants were primarily married (61.1%), employed (50%), and at minimum
college educated (50%). Cardiac function was below a normal LVEF (48.5%) compared

to a normal range of 55-70%. Primary diagnosis was NSTEMI (61.1%) and average peak
troponin T was 1081.9 ng/mL. Additional clinical and sociodemographic characteristics are
presented in table 1.

Average sexual function scores at two weeks increased from 8.9 (SD 7.3, median 5.35, range
3.6-26.2) to 14.6 (SD 8.9, median 12.45, range 3.8-30) at three months. Sexual function
scores improved in two thirds of the sample, with an average improvement of 18.8% (range
1-68%, p=0.04). The largest percent change among the subscales were erection (27.8%,
p=0.01), and orgasm (25.9%, p=0.04). In contrast, desire only improved by 8.9% (p=0.06).
At three months, 50% of the sample reported at least moderate sexual desire (improved
from 38.9%), 38.9% reported at least moderate sexual arousal (improved from 22%), 50%
reported either slight or no difficulties with erection or orgasm (improved from 16.7%), and
38.9% were at least equally satisfied and dissatisfied with their overall sex life (improved
from 33.3%). Table 2 presents the total and subscale scores of the MSFI and covariates
among the entire sample, and these are visualized in figure 1.

The proportion of men who were active at two weeks and three months were calculated.
Only 5 men were sexually active at two weeks post-discharge. Among the 13 who were
sexually inactive at two weeks, 8 became sexually active by the second timepoint. The
remaining 5 men were not active at either timepoint. Participants who were sexually active
were not statistically different compared to those who were inactive in terms of age, (active:
60.2 years, inactive: 61.2 years, p=0.91), LVEF (active: 46.3%, inactive: 54.8%, p=0.35), or
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marital status (p=0.59). Those who were sexually active had higher troponin levels, though

the difference was not statistically significant (active: 1285.5 ng/mL, inactive: 471.3 ng/mL,
p=0.91). Interestingly, a larger proportion of men who were sexually active were diagnosed
with an ST-segment elevated M1 (STEMI) (p=0.03).

Score changes on the MSFI were also examined by sexual status. Men post-MI who were
sexually active at three months improved their total scores by 27.3% (p=0.01), while those
who were not sexually active decreased their total scores by 2.3% (p=0.5). All men who
became sexually active at three months had higher total scores on the MSFI over time, with
the largest improvement being 68%. The largest changes among those who were sexually
active were erection (38.8%, p=0.003) and orgasm (35.9%, p=0.04), followed by arousal
(27.9%, p=0.04), satisfaction (15.3%, p=0.18) then desire (12.3%, p=0.06). Subscale scores
in participants who were not sexually active only averaged a 2% net change. Among inactive
men, the arousal subscale scores were the same across both timepoints (1.9, possible score
0-6). Unsurprisingly, orgasm scores were zero across both data points. Table 3 shows sexual
function scores by sexual activity status.

Scores on the PROMIS measurements indicated a lack of anxiety and depressive symptoms
in this sample. Despite the low overall scores, some changes were observed among the
t-score transformations. At two weeks, t-scores for 50% of participants were within normal
limits for depressive symptoms, while 38.9% were in the mild range, and 11.1% were

in the moderate range. The percentage of participants with depressive symptoms t-scores
within normal limits increased to 55.6% at three months, while t-scores for those with mild
symptoms decreased to 22.2%, and t-scores for those with moderate symptoms increased
to 22.2%. When examining anxiety t-scores at two weeks, 44.4% were within normal
limits, while 27.8% were in the mild range, and 27.8% were in the moderate range. The
percentage of participants within normal limits remained unchanged at three months, while
the percentage of participants with mild anxiety increased to 44.4%, and the percentage of
those with moderate anxiety decreased to 11.1%. Participants had slightly improved fear
scores, but still scored low at both timepoints (8.3 to 7.2, possible score 0-20). There were
no statistically significance changes in utilization of coping strategies over time. Utilization
of coping strategies decreased by less than 2% in all subscales over time in the entire
sample. Interestingly, those who were sexually active employed a higher number of both
positive and negative coping strategies compared to those who were sexually inactive.

Discussion

This exploratory study described changes in sexual function, anxiety, depressive symptoms,
use of coping strategies, and sexual fear in men post-MI from two weeks to three

months. Changes in sexual function scores fell across a broad range, with some drastically
improving over three months while others remained stable or improved only minimally.

In addition, physical components of function (arousal, erection, orgasm) improved more
than psychosocial components (desire, satisfaction) over three months. To our knowledge,
this is the first study that evaluated sexual function and satisfaction from an acute-Ml

phase (two weeks post event) to a recovery phase (three months post event). One large
longitudinal cohort study reported development of functional deficits one-year post-Ml,
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but did not report severity of dysfunction, and was conducted in a younger sample aged
18-55 [13]. Our findings indicate that sexual function and satisfaction can decrease or
increase dramatically within a short time post-discharge, as much as 38% in this sample.
Previous studies have found a potential protective effect of sexual activity on cardiac risk
in older patients, and so exploration of short term-changes in function over time is crucial
to promote enjoyable sexual activity at an early stage [30]. This study also provides a more
comprehensive characterization of sexual function, as previous cross-sectional studies have
primarily focused on erectile quality [31].

Men who were sexually active had higher sexual function scores over time than those who
were not sexually active. The improvement in sexual activity rates from 33.3% to 72%
might explain the observed improvements in sexual function, though this could also be due
to a better relationship with their partner or generally increased maotivation or interest. To
our understanding, prior studies have not stratified sexual function based on sexual activity
statuses post-MI. This provides a unique contribution by characterizing the challenges that
sexually inactive men experience regarding sexual desire and satisfaction. Our findings
suggest that patients who are inactive still feel sexual desire and can still feel satisfied

in their relationship with their partner. As a result, pre-discharge education that provides
information on managing sexual difficulties and returning to safe sexual activity according
to patient desires may improve care in this population [32].

Previous research has reported that depressive symptoms and anxiety are often associated
with decreased sexual function and satisfaction [16—-18]. In this study, scores on anxiety

and depressive symptoms were largely stable over time. Half of depressive symptom scores
and almost half of anxiety scores remained within normal limits at both time points with
very few mild and moderate cases, and no severe cases. However, those who were sexually
active post-Ml reported lower anxiety and depressive symptoms scores compared to those
who were not sexually active. This could either be because depressive symptoms and
anxiety precipitate decreased sexual desire, or because low sexual function produces more
depression and anxiety. However, the observed changes in depressive symptoms and anxiety
across timepoints were considerably small, and so further research is needed to explore these
potential hypotheses.

Patients post-MI often face new challenges to their quality of life, and subsequently seek
assistance with developing coping strategies for anxiety and depression [33]. A recent
review found that common positive coping strategies among those with chronic conditions
involved both religious coping and utilization of social support [34]. In the Ml literature
specifically, reduced social support was associated with lower overall coping scores and
decreased use of positive coping strategies, which may have led to higher utilization of a
passive coping style [35]. As such, it may be that men who are sexually active were able

to cope better with MI compared to those who were not active. However, these findings are
preliminary and should be explored further given the small effect size observed in this study.

Although not statistically significant, men who were sexually inactive had more sexual
fear than active men. This is an expected finding, given that some may hesitate to engage
sexually for fear of causing additional cardiac complications. However, both active and
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inactive men decreased fear scores over time, which was unexpected. This study also found
relatively low prevalence rates of sexual fear. Our findings are contrary to previous literature,
which have reported prevalence rates for sexual fear in post-MI samples as high as 88.4%
[10]. Among those in our study who were not sexually active, low functional scores may
have been interacting with low sexual fear. While these previous studies have identified
potential associations; no study has determined whether fear can directly predict changes in
sexual function [10, 16].

The results of this study can be used to inform healthcare professionals about possible
short-term changes to sexual function and its trajectory over the first three months post-

MI. Previous studies have found that only 39.1% of sexually active men and 17.9% of
sexually active women discuss sexual health with their physician [11]. As such, questions
regarding the quality of sexual health education post-MI exist. A combination of lack of
knowledge, discomfort, and lack of resources to address sexual concerns all contribute to
this disparity [5, 33, 36]. These results, along with additional descriptive research, can
assist healthcare professionals with determining patient needs for sexual health education.
Additional research is also needed to explore whether the observed trends in sexual function
will continue to improve beyond three months. Future studies should measure sexual
function in patients with a diverse set of sexual and dyadic preferences (i.e. non-monogamy,
sexual orientation), and obtain more data from unpartnered individuals, all of which are
critically understudied populations [13]. Furthermore, qualitative research could provide

an opportunity for a more personal open-ended discussion on the many nuances and
intricacies of sexuality. This approach could also broaden our understanding of sexuality

in this population beyond physical function by exploring intimacy, body image, and role
engagement, and could also be utilized to explore patient perceptions of their sex lives both
before and after an M.

Despite promising preliminary results, some limitations exist. The small sample of only men
reduces the generalizability of these findings to sexual function changes in women, although
previous studies have measured sexual function in women post-MI using the FSFI at three
months [10]. Our sample was also primarily White, which also limits generalizability,
though we collected data from a diverse sample of patients of varying education levels,
partner status, and education status. Future research should aim for a representative sample
of race, age, and culture, to capture the many ways that sexuality is experienced in these
diverse populations. A criticism of the FSFI - from which the MSFI was developed - is its
coding of patients without sexual activity, which may bias results towards more dysfunction
[37]. However, the purpose of this study was to understand trends in sexual function related
to the return to sexual activity over time, and therefore being sexually active was not a part
of our eligibility criteria. Without pre-MI sexuality data, it is difficult to determine the level
of sexual function loss that was solely due to the MI. However, retrospectively collecting
pre-MI sexual function data after discharge could result in recall bias, making findings
unreliable. Collecting data on the number of sexual partners and frequency of sexual activity
in our sample could have provided additional clarity to function scores, particularly given
that almost 40% of our sample was unmarried. Lastly, while this study explored several
covariates, the limited sample size prevented controlling for these variables in statistical
analyses.
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Conclusion

This exploratory study demonstrated statistically significant improvements in total MSFI
scores from two weeks to three months in men post-MI. Descriptive analysis of sexually
active men compared to those who were inactive helped to contextually explain positive
changes over time. The results from this study suggest that early information and
guidance from clinicians may improve sexual health for men post-MI who are struggling
with sexual dysfunction. Sexual function and interest should be assessed regularly in
patients with heart disease so that if an M1 occurs, baseline sexual health information
would already have been provided. Future longitudinal studies with larger sample sizes
should be conducted to confirm whether these observed changes in sexual function can
be replicated. Additional research should also examine psychosocial variables including
anxiety, depressive symptoms, utilization of coping strategies, and sexual fear concurrently
to better understand their association and mutual influence.
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Figure 1.
Individual changes in MSFI scores from two weeks to three months in men post-MI (n=18)
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Characteristics of study participants

(n=18)
Sociodemographic characteristics
Mean age (SD) in years 60.5 (13.6)
Race, No. (%)
White 17 (94.4)
Other 1(5.6)
Marital status, No. (%)
Single 2(11.1)
In a relationship 2(11.1)
Married 11 (61.1)
Divorced 2(11.1)
Widowed 1(5.56)
Education status, No. (%)
Some high school 2(11.1)
High school degree 2(11.1)
Some college 5(27.8)
College degree 3(16.7)
Graduate degree 6 (33.3)
Rehabilitation status, No. (%)
Currently enrolled 3(16.7)
Planning to enroll 7(38.9)
Not enrolled 8 (44.4)
Employment status, No. (%)
Employed 9 (50)
Unemployed 1(5.6)
Retired 6(33.3)
Medical Leave 2(11.1)
Clinical characteristics
MI Severity, No. (%)
STEMI 7(38.9)
NSTEMI 11 (61.1)
Mean troponin (SD) inng/mL  1081.9 (2314)
Mean LVEF (SD) in % 485 (12.3)

Note. (N)STEMI ST(Non)-Elevated Myocardial Infarction; LVEF Left Ventricular Ejection Fraction
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