
1Wilton, et al

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved. Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved.

Erectile Dysfunction and Cardiovascular Risk in Men with 
Rheumatoid Arthritis: A Population-based Cohort Study
Katelynn M. Wilton1, Sara J. Achenbach2, John M. Davis III3, Elena Myasoedova4,  
Eric L. Matteson4, and Cynthia S. Crowson5

ABSTRACT. Objective. Both erectile dysfunction (ED) and rheumatoid arthritis (RA) are associated with increased car-
diovascular (CV) risk. It is unknown if these diagnoses are associated or if their combination confers addi-
tional CV risk. We aimed to define the incidence of ED in RA, and to determine if ED correlates with 
increased CV risk in RA.

 Methods. Medical information concerning RA, ED, and CV diagnoses for men with RA (n = 260) diag-
nosed in Olmsted County, Minnesota, and age-matched male comparators was extracted from a comprehen-
sive medical record system.

 Results. ED incidence was similar between the RA cohort and comparators (HR 0.80, 95% CI 0.55–1.16). 
In men with RA, ED diagnosis was associated with a trend toward an increase in peripheral arterial disease 
(HR 2.22, 95% CI 0.98–5.03) and a significantly decreased rate of myocardial infarction (HR 0.26, 95% CI 
0.07–0.90), heart failure (HR 0.49, 95% CI 0.25–0.94), and death (HR 0.56; 95% CI 0.36–0.87). In men 
with RA and ED, phosphodiesterase-5 inhibitor use was associated with a decreased risk of death (HR 0.35, 
95% CI 0.16–0.79), with a trending decreased risk of some CV diagnoses.

 Conclusion. Incidence of ED was not statistically increased in RA. Although patients with both RA and ED 
had a similar overall CV risk to those with RA alone, men with both RA and ED had decreased risk of heart 
failure, myocardial infarction, and death, as well as an increased risk of peripheral arterial disease. Further 
studies are needed to clarify these associations and their implications for pathogenesis and therapeutics.

 Key Indexing Terms: cardiovascular risk, epidemiology, erectile dysfunction, peripheral arterial disease,  
rheumatoid arthritis, sexual health

KMW was supported by the National Institutes of General Medical Sciences 
(grant T32-GM-65841) and is supported by the Mayo Clinic College of 
Medicine’s Medical Scientist Training Program. This work was funded by a grant 
from the National Institutes of Health (NIH), National Institute of Arthritis and 
Musculoskeletal and Skin Diseases (R01 AR46849). Research reported in this 
publication was supported by the National Institute of Aging of the NIH under 
Award Number R01AG034676 and grant number UL1TR002377 from the 
National Center for Advancing Translational Sciences (NCATS), a component 
of the NIH. The content is solely the responsibility of the authors and does not 
necessarily represent the official views of the NIH.
1K.M. Wilton, BS, Medical Scientist Training Program, Mayo Clinic College 
of Medicine and Science; 2S.J. Achenbach, MS, Division of Biomedical 
Statistics and Informatics, Mayo Clinic College of Medicine and Science; 
3J.M. Davis III, MD, MS, Division of Rheumatology, Mayo Clinic College 
of Medicine and Science; 4E. Myasoedova, MD, PhD, E.L. Matteson, MD, 
Division of Rheumatology, and Division of Epidemiology, Department of 
Health Sciences Research, Mayo Clinic College of Medicine and Science; 
5C.S. Crowson, PhD, Division of Biomedical Statistics and Informatics, and 
Division of Rheumatology, Mayo Clinic College of Medicine and Science, 
Rochester, Minnesota, USA.
JMD has received consulting fees and/or honoraria from AbbVie and  
Sanofi-Genzyme (< $10,000 each) and research support from Pfizer. The 
other authors declare no conflict of interest relevant to this article.
Address correspondence to Dr. C.S. Crowson, Mayo Clinic, 200 1st St. SW, 
Rochester, MN 55905, USA. Email: Crowson@mayo.edu.
Accepted for publication December 16, 2020.

Rheumatoid arthritis (RA) is a systemic autoimmune inflamma-
tory disease associated with increased mortality.1 Cardiovascular 
(CV) disease is estimated to be responsible for approximately 
30–50% of deaths seen in patients with RA.1,2 Compared to 
the general population, patients with RA have an increased 
risk of CV disease, including coronary artery disease, myocar-
dial infarction (MI), heart failure (HF), cerebrovascular events, 
venous thromboembolism, and sudden death.2–7 This increased 
CV risk in RA is derived from a combination of traditional 
CV risk factors (e.g., smoking, hyperlipidemia, hypertension 
[HTN], diabetes mellitus [DM], obesity, metabolic syndrome) 
and increased risk driven by the inflammatory environment. An 
estimated 30% of CV events in RA are secondary to RA disease 
activity and 49% are attributable to traditional CV risk factors.8

 Within the general population, erectile dysfunction (ED) is 
a “harbinger” of CV disease, developing 2–3 years before CV 
symptoms and 2–5 years before CV events.9,10,11 The majority 
of ED is vasogenic in origin secondary to atherosclerosis and 
endothelial dysfunction within the pelvic vasculature. Given this 
common mechanism between ED and CV disease, Montorsi, et 
al12 proposed the “artery size hypothesis”: ED presents before 
CV symptoms because atherosclerosis deposits occur evenly 
among blood vessels, affecting small blood vessels such as those 
in the penis, earlier.
 Sexual dysfunction and ED are common both in the general 
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population and in men with inflammatory arthritis. In RA, ED 
prevalence has been reported to be either increased13,14,15 or 
similar16 to the general male population. RA severity16,17,18 and 
CV score17 have been correlated with sexual dysfunction in RA.
 Better understanding of risk factors for CV events in inflam-
matory arthritis would help with prediction and prevention. 
Given the clear correlation of ED with CV risk in the general 
population, we aimed to define the prevalence of ED in men 
with RA and to determine if ED is associated with an increased 
CV risk in RA.

METHODS
Study populations. Both cohorts were formed using data from the Rochester 
Epidemiology Project (REP)19 and included individuals who were aged ≥ 18 
years and were residents of Olmsted County (Minnesota, USA). The incep-
tion cohort of patients with RA was updated from a previous report.20 This 
cohort contained all men first diagnosed with RA within Olmsted County 
between January 1, 1980, and December 31, 2007 (n = 260). The incidence 
date for men with RA was defined as the first date on which they met at least 
4 of the 7 American College of Rheumatology 1987 classification criteria 
for RA.21 A comparison cohort of men with a similar age was created to 
match the RA cohort and given an index date that corresponded to the inci-
dence date of the respective subject with RA. Longitudinal follow-up for 
the cohorts was completed until death, migration from Olmsted County, or 
December 31, 2018. Any identified subjects who did not provide consent 
for use of their medical records for research purposes were excluded from 
the study. This study was approved by the institutional review boards at the 
Mayo Clinic (17-002943) and the Olmsted Medical Center (024-OMC-
17), both located in Rochester, Minnesota.
Data abstraction. Relevant data were abstracted from the medical record 
and used in conjunction with previously extracted data. New data collec-
tion included information about ED diagnosis (date of diagnosis, type of 
ED, diagnosing provider specialty), risk factors for ED (alcohol concerns, 
depression, anxiety, hypogonadism, thyroid disease, Peyronie disease, penile 
or spinal trauma, systemic neurologic disease, radical prostatectomy, or 
pelvic radiation), treatments for ED (phosphodiesterase-5 [PDE5] inhibi-
tors, testosterone, penile self-injection, penile vacuum device use, or surgical 
penile device placement), and common medications (aspirin, antihyperten-
sives, antidepressants, antiandrogens) that may affect ED. In addition, the 
number of days in which the patient saw a clinical provider were recorded 
for 1 year before and after ED diagnosis. Diagnoses of depression or anxiety 
as well as aspirin use were recorded within 1 year of ED diagnosis. These 
data were recorded in the secure Research Electronic Data Capture system 
without any personally identifying information. For the RA and compar-
ator cohorts, data on demographics, CV risk factors, and events were previ-
ously collected as described.20

 Previous data collection included CV disease and noncardiac vascular 
events occurring at any time during the patient’s history. CV disease events 
included MI (hospitalized or silent), revascularization procedures, angina, 
and HF. MI and HF were both defined using objective criteria commonly 
used in epidemiologic studies, as previously described.22 Noncardiac 
vascular diseases, including venous thromboembolism (deep venous throm-
bosis or pulmonary embolism), cerebrovascular events (hemorrhagic stroke, 
nonhemorrhagic stroke, transient ischemic attack, or amaurosis fugax), and 
peripheral arterial events (abdominal aortic aneurysm, renal artery stenosis, 
peripheral artery disease, or arterial thromboembolism) were previously 
collected based on fulfillment of previously defined criteria.23 Smoking 
status and BMI were obtained at RA incidence/index date. HTN, dyslipid-
emia, and DM were abstracted from the medical records at RA incidence/
index date and throughout follow-up, and were defined using physician 
diagnosis and standardized diagnostic criteria.22

Statistical methods. Descriptive statistics (quantity, percentage, mean, SD, 

etc.) were used to summarize the data. In the case of continuous numeric 
data, characteristics of the cohorts were compared by Kruskal-Wallis testing 
for statistical significance. In the case of categorical groups, chi-square or 
Fisher exact testing was used as appropriate to determine statistically signif-
icant differences. Cumulative incidence of ED in each of the cohorts was 
completed and adjusted for competing risk of death,24 which accounts for 
those who died before experiencing ED without censoring, and thus avoids 
overestimating the incidence of ED in surviving members of the cohort. 
Subjects who were diagnosed with ED before their respective incidence 
date/index date were excluded from the cumulative incidence analysis. 
Cox proportional hazard models were used to assess the effect of ED on 
the subsequent development of CV events and diagnoses. The interaction 
between RA/non-RA status and presence of ED was assessed to determine 
whether ED had a differential effect on CV disease in patients with RA. 
Subjects who were diagnosed with the CV event before their respective inci-
dence date/index date were excluded from the Cox models. Analysis was 
adjusted for age and calendar year at incidence with or without adjustment 
for DM, HTN, dyslipidemia, obesity, and smoking status. Time-dependent 
covariates were used for covariates that developed during follow-up (i.e., 
ED, HTN, DM, and dyslipidemia). Cox models were also used to assess 
the effect of PDE5 inhibitors (using a time-dependent covariate) in the 
subset of patients with ED. The analysis of PDE5 started at the RA inci-
dence/index date or the ED date, whichever came later, because patients 
entered the cohorts at RA incidence for patients with RA and index date for 
subjects without RA, and they were not at risk of PDE5 use until ED diag-
nosis. CV outcomes with < 10 observed events were not analyzed due to 
lack of statistical power. Person-year methods were used to estimate rates of 
ED among men aged < 50 years and men aged ≥ 50 years. Poisson regression 
models were used to compare rates of ED within age groups between men 
with and without RA. Analyses were performed using SAS version 9.4 (SAS 
Institute) and R 3.6.2 (R Foundation for Statistical Computing).

RESULTS
The study population included those men in Olmsted County 
diagnosed with RA (n = 260) and age-matched male compara-
tors not known to have RA (n = 260). As shown in Table 1, the 
comparators had a well-matched age at arthritis incidence/index 
date. Baseline prevalence of ED at time of arthritis incidence/
index date was similar between men with RA and comparators. 
At the time of RA incidence/index date, the RA group and 
comparators had similar baseline CV characteristics (Table  1). 
There was a trend toward more smoking (P = 0.05) and more 
dyslipidemia (P = 0.05) in the men with RA.
 Cumulative incidence of ED over time was assessed in rela-
tion to the RA incidence/index date. Over the course of this 
study, men with RA did not have a significantly different rate 
of ED compared to their age-matched comparators, in either an 
age-adjusted (HR 0.80; 95% CI 0.55–1.16) or unadjusted model 
(HR 0.79; 95% CI 0.54–1.14; Figure 1). Men aged < 50 years 
(P = 0.74; Table 2) and men aged ≥ 50 years (P = 0.17; Table 2) 
had similar rates of ED diagnosis regardless of RA status.
 Potential confounding factors for ED were assessed. These 
risk factors included clinician suspicion of psychogenic ED or 
alcohol concerns, use of certain medications (aspirin use, anti-
hypertensives, antidepressants, antiandrogens), medical condi-
tions that can interfere with erectile function (hypogonadism, 
thyroid disorders, Peyronie disease, neurologic disease, depres-
sion, anxiety), relevant past trauma, and iatrogenic causes of 
ED (radical prostatectomy and radiation therapy). As shown 
in Table  3, there were no statistically significant increases in 
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predisposing factors for ED in the men with RA in relation to 
the comparators. There was a decreased incidence of suspected 
psychogenic ED in men with RA in relation to the comparator 
cohort (P = 0.04). Of note, patients with RA and ED had more 
medical visits both in the year preceding (P = 0.009) and in the 
year following RA criteria fulfillment (P = 0.03), and might be 
diagnosed with ED by subspecialty providers, although this did 
not reach statistical significance (P = 0.10). Comparators were 

treated for ED in a similar manner to the men in the RA cohort. 
The most common treatment for ED in the first year following 
diagnosis was PDE5 inhibitors in both cohorts. In total, PDE5 
inhibitors were used in more than half of patients with ED in 
this study. In these cohorts, all other treatments were rarely used 
to treat ED within the first year.
 The incidence of major CV events and diagnoses was assessed 
in both the RA cohort and comparators with relation to ED 
status. As shown in Table 4, when adjusted for age, calendar year 
of incidence, DM, HTN, dyslipidemia, obesity, and smoking 
status, patients with RA who also had ED had an increased risk 
for peripheral arterial disease (HR  2.22, 95%  CI 0.98–5.03), 
which did not reach statistical significance, and a decreased risk 
of MI (HR 0.26, 95% CI 0.07–0.90), HF (HR 0.49, 95% CI 
0.25–0.94), and all-cause death (HR 0.56, 95% CI 0.36–0.87). 
None of these events were significantly increased in comparators 
with ED. The interaction between RA diagnosis and ED was 
only statistically significant for an increased risk of peripheral 
arterial disease (P  =  0.02), indicating that ED had a stronger 
effect on peripheral arterial disease in patients with RA than 
in comparators. Results were similar when adjusted only for 
calendar year and age. 
 The occurrence of CV events in men with RA and ED on 
PDE5 inhibitors was compared to those seen in men with RA 
and ED not on PDE5 inhibitors. As shown in Table 5, the risk 
of death overall was decreased in men with RA and ED on PDE5 
inhibitors (HR 0.35, 95% CI 0.16–0.79). Additionally, the risk 
of coronary heart disease (HR 0.44, 95% CI 0.18–1.12), HF 
(HR 0.41, 95% CI 0.13-1.30), and CV disease overall (HR 0.49, 
95% CI 0.20–1.19) were decreased in men on PDE5 inhibi-
tors, but these associations did not reach statistical significance. 
Interestingly, both ED in men with RA (Table  4) and PDE5 
use in men with RA and ED were associated with a decreased 
risk of death (Table  5). In a similar manner, both presence of 

Table 1. Baseline characteristics of RA and comparator study populations.

 RA,  Non-RA,  P
 n = 260 n = 260

Age, yrs, mean (SD) 57.6 (14.4) 57.7 (14.4) 0.98
Follow-up after RA incidence/
   index date, yrs, median (IQR) 13.9 (9.6–19.3) 14.5 (9.0–22.0) 
Race, White, n/N (%) 243/256 (95) 243/254 (96) 0.69
BMI at index, kg/m2, mean (SD) 28.3 (4.8) 27.9 (5.2) 0.38
Obesity, BMI ≥ 30 kg/m2 77 (30) 68 (26) 0.39
Current smoker 64 (25) 46 (18) 0.05
Diabetes 32 (12) 22 (8) 0.15
Dyslipidemia 162 (62) 140 (54) 0.05
Hypertension 103 (40) 90 (35) 0.24
Prior erectile dysfunction 24 (9) 27 (10) 0.66
Myocardial infarction 10 (4) 16 (6) 0.23
Coronary heart disease 44 (17) 45 (17) 0.91
Heart failure 11 (4) 9 (3) 0.65
Cerebrovascular disease 13 (5) 11 (4) 0.68
Peripheral arterial disease 9 (3) 10 (4) 0.82
Venous thromboembolism 14 (5) 8 (3) 0.19
Cerebrovascular or peripheral 
   arterial disease 20 (8) 19 (7) 0.87
Any cardiovascular disease 50 (19) 53 (20) 0.74

Values are expressed as n (%) unless otherwise indicated. RA: rheumatoid 
arthritis.

Figure 1. The cumulative incidence of ED was assessed over time among patients with prev-
alent ED at RA incidence date or index date in non-RA comparators. Age-adjusted analysis 
comparing the risk of ED in patients with and without RA resulted in an HR 0.80 (95% CI 
0.55–1.16). ED: erectile dysfunction; RA: rheumatoid arthritis.
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ED (HR 0.49, 95% CI 0.25–0.94) and use of PDE5 inhibitors 
(HR 0.41, 95% CI 0.13–1.30) were associated with decreased risk 
of HF in men with RA. Conversely, men with RA and ED expe-
rienced an increased risk of peripheral arterial disease (HR 2.22; 
95% CI 0.98–5.03) that did not reach statistical significance, but 
PDE5 inhibitor use showed no association with peripheral arte-
rial disease (HR 1.00, 95% CI 0.28–3.53; Table 5).

DISCUSSION
In this study, ED incidence was not increased in men with RA 
and ED diagnosis was not associated with an increased risk of 
CV disease in RA. There was an increased risk of peripheral 
arterial disease that was dependent on both ED and RA diag-
nosis, but this association did not reach statistical significance. 
Additionally, ED was associated with a decreased risk of MI, HF, 
and mortality in men with RA. Interestingly, use of PDE5 inhib-
itors in men with RA and ED was associated with a decreased 
risk of death and a trend toward decreased rate of some CV 
events and diagnoses.
 The prevalence of ED in RA has been reported as 
increased13,14,15,25 or similar16 to rates of ED in controls. In this 
study, we did not observe an increased rate of ED in men with 
RA. This could be secondary to well-controlled RA disease 
activity, as inflammatory disease activity increases ED preva-
lence.16,17,18 Additionally, this result could be confounded by 
variable follow-up, as men with RA had more frequent medical 
visits. Medication-induced ED may be a confounding factor, as 
sexual dysfunction in men associated with methotrexate use has 
been described.26,27 In addition, potential age dependence to ED 
risk in RA could explain heterogeneous study results.13,14,15,16,25 
Overall, this study does not support increased ED incidence in 
men with RA, but confounding cannot be excluded.
 Due to the association of ED with CV events in the general 
population, we hypothesized that men with RA would have an 
increased rate of most CV events when also diagnosed with ED. 
Interestingly, this was not the case. Most CV events were not 
statistically associated with ED diagnosis, potentially indicating 
that risk from ED and RA are redundant. Peripheral arterial 
disease was the only CV condition that was increased by the 
presence of ED, with potential interaction between RA and ED 
diagnosis. Both ED and peripheral arterial disease are secondary 
to endothelial dysfunction in the lower body, and reduced blood 
flow secondary to atherosclerosis and decreased vasodilation. 
These similarities may link these conditions more closely than 
other CV conditions.
 In this study, ED in RA was associated with a decreased 
risk of MI, HF, and overall mortality. This finding is of interest 
given the importance of these events and the initial hypothesis 
that ED diagnosis would be associated with an increased risk of 
these conditions. Although it would seem that more frequent 
follow-up in men with RA could lead to increased access to CV 
preventive measures, previous studies have shown that patients 
with RA have suboptimal CV prevention.28,29,30 CV risk may also 
be confounded as the men who are diagnosed with ED may have 

Table 2. Association of ED and RA by age group.

Age, Yrs Patients ED Diagnoses PY Counted Rate per 1000 PY Rate Ratio (95% CI) P

< 50  Men with RA  6 650.32 9.2 1.22 (0.37–3.99) 0.74
 Comparators  5 660.36 7.6  
≥ 50 Men with RA  42 2411.14 17.4 0.76 (0.51–1.12) 0.17
 Comparators  60 2613.36 23.0  

ED: erectile dysfunction; PY: person-years; RA: rheumatoid arthritis.
 

Table 3. Potential diagnostic confounders and initial treatment strategies in 
men with ED.

  RA,  Non-RA  P
  n = 48 Comparators, 
   n = 65

Potential confounders   
Possible psychogenic ED 0 (0) 6 (9) 0.04
Alcohol concerns 3 (6) 5 (8) > 0.99
Antihypertensive use 23 (48) 31 (48) 0.98
Aspirin use within 1 yr 27 (56) 36 (55) 0.93
Antiandrogen use 0 (0) 1 (2) > 0.99
Antidepressant use 7 (15) 9 (14) 0.91
Depression within 1 yr 6 (13) 10 (15) 0.66
Anxiety within 1 yr 3 (6) 6 (9) 0.56
Hypogonadism diagnosis 4 (8) 2 (3) 0.40
Thyroid disease diagnosis 3 (6) 6 (9) 0.73
Peyronie disease 1 (2) 1 (2) > 0.99
Penile trauma 0 (0) 0 (0) –
Spinal cord trauma 0 (0) 1 (2) > 0.99
Neurological disease 4 (8) 5 (8) > 0.99
Radical prostatectomy 4 (8) 4 (6) 0.72
Radiation therapy 0 (0) 1 (2) > 0.99
Days with outpatient visits or 
hospitalization, mean (SD) 

       Preceding year 7.0 (6.9) 4.1 (4.0) 0.009
       Following year 9.0 (9.4) 6.0 (5.4) 0.03
Diagnosing physician   0.10

Family practice 13 (27) 14 (22) 
Internal medicine 22 (46) 40 (62) 
Urology 4 (8) 7 (11) 
Subspecialty internal medicine 9 (19) 3 (5) 
Other 0 (0) 1 (2) 

Treatments in first year   
Phosphodiesterase-5 inhibitor 27 (56) 41 (63) 0.46
Testosterone replacement 4 (8) 1 (2) 0.16
Penile self-injection 4 (8) 2 (3) 0.40
Penile vacuum device 2 (4) 1 (2) 0.57
Penile device placement 1 (2) 0 (0) 0.42

Values are expressed as n (%) unless otherwise indicated. ED: erectile dys-
function; RA: rheumatoid arthritis.
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variation in health-based limitations for sexual activity, capacity 
for self-care, independence, and education concerning sexual 
health. Another less likely possibility is that vasoactive medica-
tions, such as PDE5 inhibitors, which are used for ED, may have 
additional CV benefits in this population.
 Given that a large number of the men with ED were prescribed 
PDE5 inhibitors, and that PDE5 inhibitors have been noted to 
be associated with a cardioprotective effect in the general popu-
lation,24,25 we hypothesized that the use of PDE5 inhibitors may 
correlate with a decreased risk of some CV events in the men 
with RA. Specifically, in this study, there was a decreased risk of 
death in men with RA and ED on PDE5 inhibitors vs men with 
RA and ED not on PDE5 inhibitors. There were also decreased 
risks of several CV conditions that did not reach statistical signif-
icance, likely secondary to small population size. This decreased 
CV risk in men with RA and ED on PDE5 inhibitors may not 
be directly related to the pharmacologic action of the medica-
tion. Specifically, prescription and use of PDE5 inhibitors is 
confounded by socioeconomic factors, insurance coverage, and 
education. Further, like ED diagnosis itself, prescription for 
PDE5 inhibitors may be confounded by the level of patient self-
care and sexual health education, as patients usually initiate the 
conversation. Additionally, in this study, prescription of PDE5 

inhibitors was used; we were not able to measure how often 
men were taking these medications, which are usually taken on 
an as-desired/needed basis. In some cases, the men may have 
been prescribed the medication and never used it. Therefore, 
the difference in CV events seen in this study could actually be 
a reflection of prescribing patterns of physicians; specifically, 
physicians are less likely to prescribe a PDE5 inhibitor to men 
with complex and unstable health conditions because these men 
are presumably less likely to request the medications, may not 
be healthy enough for sexual activity, or may be reluctant to 
take the medications given their well-known interactions with 
nitrates. In addition, health literacy may confound which men 
are prescribed PDE5 inhibitors.
 Although a number of potential confounders may affect the 
estimates of CV disease, this result is intriguing. Specifically, in 
the general population the association between ED and CV risk 
virtually disappeared after sildenafil was first introduced onto 
the market for ED.31,32 Since then, PDE5 inhibitors have been 
studied for use in various types of HF and ischemia (reviewed 
previously33). PDE5 inhibitors have been shown to prevent 
cardiac remodeling,34,35,36 decrease cardiomyocyte apoptosis and 
necrosis,35,37 and attenuate symptoms of HF.36 These cardiopro-
tective effects of PDE5 inhibitors may possibly contribute to the 

Table 4. Association between erectile dysfunction and cardiovascular outcomes in patients with RA and comparator cohort, adjusted for age, calendar year, dia-
betes mellitus, hypertension, dyslipidemia, obesity, and smoking status.

 RA  Comparators  
CV Outcome CV Events/Total HR (95% CI) CV Events/Total HR (95% CI) Interaction P

Myocardial infarction 29/250 0.26 (0.07–0.90) 21/244 1.11 (0.41–3.03) 0.11
Coronary heart disease 88/216 1.11 (0.63–1.95) 57/215 1.39 (0.77–2.53) 0.27
Heart failure 61/249 0.49 (0.25–0.94) 42/251 0.84 (0.41–1.74) 0.20
Cerebrovascular disease 38/247 0.98 (0.46–2.11) 33/249 0.59 (0.25–1.41) 0.24
Peripheral arterial disease 29/251 2.22 (0.98–5.03) 21/250 0.46 (0.15–1.40) 0.02
Venous thromboembolism 29/246 0.85 (0.35–2.09) 15/252 2.00 (0.64–6.23) 0.26
Cerebrovascular/peripheral arterial disease 54/240 1.62 (0.86–3.05) 41/241 0.57 (0.26–1.24) 0.06
Any CV disease 104/210 1.15 (0.68–1.97) 73/207 1.05 (0.61–1.83) 0.63
Death 130/260 0.56 (0.36–0.87) 104/259 0.94 (0.58–1.52) 0.24

CV: cardiovascular; RA: rheumatoid arthritis.

Table 5. Association between phosphodiesterase–5 inhibitor use and CV events in erectile dysfunction patients with RA and comparator cohorts, adjusted for 
age.

 RA  Comparators 
CV Outcome* CV Events/Total HR (95% CI) CV Events/Total HR (95% CI)

Myocardial infarction 3/66 – 6/80 –
Coronary heart disease 21/53 0.44 (0.18–1.12) 19/70 0.93 (0.30–2.87)
Heart failure 14/69 0.41 (0.13–1.30) 12/84 0.55 (0.17–1.76)
Cerebrovascular disease 14/64 1.89 (0.45–7.98) 7/81 –
Peripheral arterial disease 15/67 1.00 (0.28–3.53) 4/85 –
Venous thromboembolism 7/62 – 7/83 –
Cerebrovascular/peripheral arterial disease 22/61 0.91 (0.34–2.43) 9/80 –
Any CV disease 24/47 0.49 (0.20–1.19) 21/65 0.76 (0.27–2.14)
Death 31/72 0.35 (0.16–0.79) 27/87 0.84 (0.37–1.91)

*Analyses were only performed for outcomes with at least 10 events. CV: cardiovascular; RA: rheumatoid arthritis.
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decreased rate of MI and HF observed in this cohort. Of note, 
in this cohort, PDE5 inhibitors were used for ED, and thus were 
likely used intermittently. This intermittent use of medications 
may either indicate that PDE5 inhibitors are effective even when 
used sporadically in this high-risk population or, more likely, 
that they are not directly responsible for the decreased incidence 
of MI and death seen in this cohort. In either case, at least in this 
study, ED and PDE5 inhibitor use was not associated with an 
increased risk of CV events or death.
 To our knowledge, this study is the first to define the CV 
risk associated with ED in patients with RA, and to specifically 
define the population-based incidence of ED in men with RA. 
Strengths of the study include the completeness of the medical 
data based upon the REP,19 which is a geographically defined 
population where medical records for the entire population 
of Olmsted County, Minnesota are available. This allows for a 
population-based assessment, including all consenting individ-
uals without internal bias. In addition, access to the medical 
record allows for confirmation of International Classification of 
Diseases (ICD) code–based physician diagnosis and extraction 
of details not traditionally encapsulated in ICD code or insur-
ance-based analysis. The REP system allows for long-term 
longitudinal follow-up over decades, as well as extraction of all 
known healthcare data from sites within the county. In addition, 
age-matched male comparators were able to be selected from the 
general population, allowing for a geographically based compar-
ator cohort. Limitations to this study include the demographic 
composition of the population studied; the population included 
in the REP reflects a county that is disproportionately White, 
which may limit generalizability. In addition, this study was 
retrospective, including only that information encapsulated in 
the medical record (availability bias), and thus is subject to all 
of the inherent limitations of the study design. Additionally, 
this study was limited to the size of Olmsted County, which 
led to a relatively small overall sample size, which limited our 
ability to detect differences in subanalysis. Another limitation 
is the frequent underdiagnosis of ED.38 In our present study, 
only those men with documented ED were included; men 
with subclinical ED, penile atherosclerosis, or without concern 
about their ED were excluded. Prospective studies would ascer-
tain a more accurate ED risk. Additionally, RA research can 
be affected by index event bias,39 which often presents as a risk 
factor paradox, where risk factors are not consistent among 
studies or are not logical.
 Future studies on the implications of ED on CV risk in RA 
may help to inform the assessment and treatment of CV risk 
in inflammatory arthritis. First, assessment of whether ED is a 
reflection of traditional CV risk or is altered by the inflamma-
tory state could help to inform risk-based models. It would be 
important to determine whether the increased incidence of 
peripheral arterial disease among in men with ED and RA is 
related to disease activity, and why peripheral arterial disease 
differs from other CV events. Perhaps most intriguing is the 
apparent decreased risk of MI, HF, and mortality among men 
with RA who have ED, warranting further study.
 The incidence of ED in patients with RA is similar to that 

of age-matched comparators. Although ED did not affect 
the overall rate of CV events in RA, it was associated with an 
increased risk of peripheral arterial disease and a decreased risk 
of MI and HF. While these trends require further study, they 
may be explained by common pathologic mechanisms, health-
care-related confounding variables, or the use of vasoactive phar-
macologic therapy for ED.
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