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Several case reports published around 2007 suggest that phosphodiesterase 

type 5 (PDE5) inhibitor use might increase the risk of sudden sensorineural hearing loss 

(SSHL). We conducted a post-marketing observational study to evaluate the association 

in a large cohort of privately insured male adults in the US. 

In study 1, we analyzed 4.4 million pharmacy claims of PDE5 inhibitors collected 

during 1998-2007. The annual prevalence of use increased by 44% from 16.4 (1998) to 

29.5 (2007) per 1,000 subjects. The incidence of use increased from 11.5 (1998) to 18.6 

per 1,000 person-years (2007). About 2/3rd of new users refilled their prescription within 

6 months after their index prescription. Medication switching and dose escalation were 

not common in this population. 

In Study 2, 377,722 patients who initiated treatment with a PDE5 inhibitor and 

1,957,233 nonusers were followed for 4,652,265 person-years. The crude incidence for 

SSHL was 4.35 and 2.38 per 1,000 person-years for current use and nonuse, 

respectively. In the primary analysis (where patients were assumed to take one PDE5 

inhibitor dose per week), the adjusted hazards ratio (HR) was 1.25 (95% CI, 1.01-1.55), 

and the excess risk was 1.97 SSHL per 1,000 person-years, both comparing current 
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use with nonuse. We conducted sensitivity analyses to test the robustness of our 

findings. The results were not meaningfully different compared with the primary 

analysis.  

In Study 3, we examined the comparative safety of the three PDE5 inhibitors. 

The analysis suggested that new use of vardenafil (HR=0.80, 95%CI, 0.42-1.51) and 

vardenafil (HR=1.02, 95%CI, 0.51-2.02) did not significantly increase or decrease the 

risk of SSHL compared with new use of sildenafil (reference group), although the small 

sample size resulted in limited statistical power of the analyses.   

In conclusion, we found an increased risk of SSHL associated with current use of 

PDE5 inhibitors. There was no significant difference in the risk of SSHL comparing 

initiators of the different PDE5 inhibitors. Given the widespread use of these 

medications, clinicians and patients need to be aware of the potential ototoxic effect 

associated with the use of PDE5 inhibitors.       
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CHAPTER 1 
INTRODUCTION 

Background 

Erectile dysfunction (ED), defined as „consistent inability to achieve or maintain 

an erection, or both, sufficient for adequate sexual relations‟,1 is highly prevalent in the 

United States (US) and worldwide.2 The National Institute of Health (NIH) Consensus 

Conference estimates that ED may affect as many as 30 million American men over the 

age of 20.1 According to the Massachusetts Male Aging Study (MMAS), about 610,000 

new cases of ED occur annually in the US.3 Age is the most important risk factor of ED. 

The prevalence of ED increases significantly after a man turns 40 years.4 In the past, 

ED has often been considered as a psychological problem or a part of the natural aging 

process. It is now widely acknowledged that ED is primarily organic resulting from 

vascular, hormonal, or neurological complications.5 In addition, ED is considered by 

many physicians as a marker for undiagnosed conditions such as hypertension, 

diabetes, and ischemic heart disease.6  

Oral phosphodiesterase type-5 (PDE5) inhibitors including sildenafil citrate 

(Viagra®, Pfizer Inc.), vardenafil (Levitra®, Bayer Inc.), and tadalafil (Cialis®, Eli Lily) are 

the recommended first-line treatment option for ED.7 In March of 1998, sildenafil was 

the first oral PDE5 inhibitor approved by the Food and Drug Administration (FDA) to 

treat ED. Vardenafil and tadalafil were approved in 2003, providing more treatment 

options if sildenafil is either ineffective or undesirable. According to Pfizer, more than 35 

million men worldwide used sildenafil between 1998 and 20078 and about 17 million 

PDE5 inhibitors are prescribed each year to an estimated 5 million men.9  
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PDE5 is a cGMP-specific binding protein,10 and is the predominant cGMP-

hydrolyzing PDE in corpus cavernosum. Inhibition of PDE5 leads to increase in the level 

of cGMP, relaxation of smooth muscle, increased blood flow, enlargement of cavernosal 

tissue, and finally penile erection.11 Taken approximately 30-60 minutes before sexual 

activity, sildenafil and vardenafil work for about 6-8 hours; tadalafil lasts for up to 36 

hours.12 Direct head-to-head comparative trials of the three PDE5 inhibitors are not 

available, but a systematic review of randomized controlled trials comparing PDE5 

inhibitors to placebo suggests that the three medications have similar efficacy and 

safety profiles.13,14  

The first case report of PDE5 inhibitor use and sudden sensorineural hearing 

loss (SSHL) was published in the April 2007 issue of the Journal of Laryngology and 

Otology.15 The authors described a 44-year-old man who developed bilateral 

progressive hearing loss after taking sildenafil 50 mg continuously for 15 days. 

Management of the patient with inhaled oxygen and corticosteroid did not reverse the 

symptoms and his hearing was not improved at 6 months. The case was soon followed 

by a search of additional reports in the FDA‟s Adverse Events Reporting System 

(AERS) database, which resulted in a total of 29 cases that had a strong temporal 

association with use of PDE5 inhibitors. In October of 2007, the FDA announced a 

labeling change for all PDE5 inhibitor products available on the market alerting to the 

potential increased risk of SSHL in patients using these drugs.16 As of today, a causal 

association between PDE5 inhibitor exposure and risk of SSHL has not been 

established and underlying biological mechanism for the potential ototoxic effect is not 

totally clear. It has been postulated that the increased activity of nitric oxide (NO), a 
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chemical that has been implicated in a wide variety of otologic diseases, including 

hearing loss secondary to bacterial meningitis17, gentamicin-18 and cisplatin- 

ototoxicity19, might be the cause of SSHL in PDE5 inhibitor users.20 Although case 

reports cannot be used to establish causality, the FDA believed that a strong temporal 

relationship between the use of PDE5 inhibitor and the subsequent occurrence of SSHL 

warranted revisions of the product labels.21  

Men with SSHL have a lower quality of life (QOL). Sudden hearing loss (SHL), 

which is defined as a decrease in hearing of ≥30 decibels (dB) affecting at least 3 

frequencies that occurs in less than 72 hours,22 is often accompanied by an emergency 

visit to an otolaryngologist or audiologist. SSHL is one of many causes of SHL. About 

10-15% of SSHL cases have identifiable causes including trauma, syphilis, autoimmune 

disease, and Meniere‟s disease, the remaining are idiopathic.23 SSHL affects roughly 5 

to 20 individuals per 100,000 population, with an expected 4,000 new cases per year in 

the US.22 However, current statistics likely underestimate the true significance of the 

problem because patients with spontaneous recovery may not seek health care.  

Ototoxic drugs or drug-induced hearing impairment have not received significant 

attention in pharmacoepidemiology, unless the drug class (e.g., aminoglycosides) is 

already known to be ototoxic. The usual pharmacoepidemiologic armamentarium to 

evaluate emerging safety concerns involving ototoxicity is therefore limited. In this 

thesis, a large healthcare administrative database (i.e., physician-generated diagnoses 

and procedure codes used for reimbursement) with the statistical power delivered by 

tens of millions of subjects was used to study drug-induced ototoxicity. We based our 

methods on our previous study of the ototoxicity of neomycin ear drops in pediatric 



 

18 

patients with non-intact tympanic membranes using 29 state-funded Medicaid program 

data.24 We hope that these two studies will build a foundation for a 

pharmacoepidemiologic research program on drug-induced ototoxicity.   

Finally, the efficacy of marketed PDE5 inhibitors appears quite similar, with 

approximately 70% of men having successful intercourse after drug administration, but 

the duration of action of tadalafil („Weekend Pill‟) is longer than that of sildenafil and 

vardenafil. The increased flexibility in timing intercourse may influence patients‟ and 

providers‟ preference when they choose a PDE5 inhibitor. Furthermore, access to PDE5 

inhibitor for ED patients is strictly regulated by health plans,25 typically with restrictions 

on drug choice. Thus, prescribers and patients need information on comparative safety 

of these agents to help them make an informed decision to choose the optimal PDE5 

inhibitor. 

Study Objectives 

The overall objective of this thesis was to evaluate the association between the 

use of PDE5 inhibitors and the risk of SSHL in male adults in a large commercial 

insurance database. We hypothesized that PDE5 inhibitor users have an increased risk 

of SSHL compared to unexposed subjects. Other specific objectives included:    

 Study Objective 1: To describe the trends of PDE5 inhibitor use among male 

adult patients identified in the Thomson Reuters MarketScan® Commercial Claims and 

Encounters (CCAE) health insurance database for calendar years from 1998 to 2007. 

 Study Objective 1a: To estimate the annual prevalence and incidence of ED 

among male patients (18-64 years) in the CCAE database. 

 Study Objective 1b: To estimate the annual prevalence and incidence of PDE5 

inhibitor use, overall and by predetermined age groups.  
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 Study Objective 1c: Among new users of PDE5 inhibitors, to describe the initial 

and longitudinal pattern of use including medication refills, switching and dose titration. 

 Study Objective 2: To evaluate the risk of SSHL comparing patients started on 

PDE5 inhibitors to nonusers of PDE5 inhibitors, controlling for other confounders. 

 Hypothesis: H0: Current use of PDE5 inhibitors was not associated with an 

increased risk of SSHL relative to nonuse of PDE5 inhibitors. Ha: Current use of PDE5 

inhibitors was associated with an increased risk of SSHL relative to nonuse of PDE5 

inhibitors. 

 Study Objective 3: To examine the incidence rate and risk of SSHL among new 

users of sildenafil compared with vardenafil or tadalafil users, after controlling for other 

established and potential confounders. 

 Hypothesis 3a: H0: There was no difference in the risk of SSHL comparing new 

users of sildenafil to new users of vardenafil. Ha: The risk of SSHL was different 

comparing new users of sildenafil to new users of vardenafil. 

 Hypothesis 3b: H0: There was no difference in the risk of incident SSHL 

comparing new users of sildenafil to new users of tadalafil. Ha:  The risk of SSHL was 

different comparing new users of sildenafil to new users of tadalafil. 
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CHAPTER 2 
LITERATURE REVIEW 

This chapter is divided into four sections. We first reviews evidence of disease 

burden, causes, and treatment options for ED. Established risk factors for ED are 

reviewed next. Second, the pharmacology of PDE5 inhibitors is reviewed briefly. Topics 

include pharmacodynamics and pharmacokinetics, efficacy and side effects, as well as 

factors that determine patient preference for different PDE5 inhibitors. The section also 

contains a summary of published drug utilization studies of PDE5 inhibitors. Third, 

common causes and diagnoses of SSHL are reviewed. Finally, existing literature that 

discusses the use of PDE5 inhibitors and SSHL are appraised. The potential biological 

mechanism linking the use of PDE5 inhibitor to SSHL is briefly discussed.     

Epidemiology of Erectile Dysfunction 

Disease Burden of ED 

Disease burden of ED has been established in studies mainly using community-

based surveys and administrative claims data. The landmark Massachusetts Male 

Aging Study (MMAS) was a population-based survey of 1,709 healthy men aged 40-70 

years who lived in the Boston area.5 A self-administered sexual activity questionnaire 

was delivered from 1987-1989 to characterize sexual function among participants of the 

study. The prevalence of combined minor, moderate, and severe ED estimated in this 

study was 52%. The prevalence of severe ED (defined as „never able to get and keep 

an erection sufficient for sexual intercourse‟) increased from 5% for men at age 40 

years to 25% by the age of 75.5 A follow-up survey of the study population 8 years later 

found that the crude annual incidence rate of ED was about 26 cases per 1,000 men. 

This translates to as many as 610,000 new cases of ED annually in the US.3 Other 
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studies have also tried to estimate the prevalence of ED. The Health Professional 

Follow-up Study (HPFS) which included 31,742 male health professionals (dentists, 

optometrists, osteopaths, podiatrists, pharmacists, and veterinarians) aged 53-90 years 

found that 33% of survey respondents had some difficulty to have and maintain an 

erection for intercourse in the previous 3 months.26 The condition was more common 

among elderly men.26 Using the 2001-2002 National Health and Nutrition Examination 

Survey (NHANES), Selvin et al. estimated that the prevalence of ED in males aged 20 

years and older was 18.4% (95% CI: 16.2-20.7).27 In 2001-2002, Laumann et al. 

conducted a survey among a national representative sample of men aged 40 and older 

and found the prevalence of moderate or severe ED was 22.0% (95% CI: 19.4-24.6) 

overall and the prevalence increased with increasing age.28 Interestingly, studies that 

used healthcare administrative databases tended to report a much lower rate of ED. For 

example, using 1999-2002 VA data, Sohn et al. found the prevalence of ED was only 

2,884/100,000 veterans >17 years. The authors of the study defined ED using ICD-9-

CM (302.71, 302.72, 302.72, 607.84, 607.82, 607.89, 607.9x) and CPT codes.29 Using 

2007-2009 VA administrative data (ICD9-CM codes 607.84 or 302.72), Hosain et al. 

estimated the prevalence of ED among 4,755 Iraq and Afghanistan veterans >17 years 

old to be 5.5%. The prevalence of ED was 3.6% and 15.7% in men aged between 18-40 

years and >40 years respectively.30 Studied largely agree that ED is associated with a 

significantly reduced quality of life (QOL), loss of self-confidence, self-esteem, and 

damage to couple relationships,31 as well as a significant medical cost.32,33 In summary, 

the existing evidence suggests that ED is a prevalent condition among adult male in the 
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US with a significant impact on personal well-being, public health, and healthcare cost 

and utilization. 

Causes of ED 

In the past, ED has been thought to be of psychological in origin, because it is a 

common symptom of anxiety, depression, stress, or relationship problems. However, it 

is now widely acknowledged that ED is fundamentally organic resulting from vascular, 

hormonal, or neurological complications. In addition, ED is associated with many other 

pathological conditions,4 and can serve as a marker for undiagnosed organic disease 

such as hypertension, diabetes, hyperlipidemia, kidney disease, atherosclerosis, 

neurological and endocrine disorders.34 Other causes of ED include medical 

interventions such as prostate surgery or medication use (Table 2-1).  

A normal erection depends on blood vessels in the penis. Thus, it is not 

surprising that vascular disease such as clogged arteries (atherosclerosis) can cause 

ED. Previous studies suggest that almost 90 percent of men with ED have at least one 

risk factor for cardiovascular disease,26,35,36 which makes ED a marker for asymptomatic 

cardiovascular disease.34,36 One hypothesis for the association between vascular 

disease and risk of ED is related to endothelial dysfunction. According to this theory, 

endothelial dysfunction results in impaired smooth muscle relaxation by interfering with 

nitric oxide (NO) synthesis or release.37 Thus, common CVD risk factors, including 

cigarette smoking, obesity, low physical activity, chronic alcohol abuse, high blood 

pressure, coronary arterial disease, peripheral vascular disease, kidney disease, and 

hyperlipidemia, can damage a person‟s blood vessels and/or restrict blood flow to the 

penis, preventing or worsening proper erectile function. Another hypothesis that links 
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vascular problems with ED is the so-called venous leak – the blood seeps out of the 

penis during an erection instead of remaining trapped inside.38    

The neural system also plays a pivotal role in achieving or maintaining a normal 

erection. Damage to any nerves (i.e., due to diabetes) that produce sensation to arteries 

in the penis can also cause ED. Other degenerative disorders of the nervous system 

such as multiple sclerosis or Parkinson‟s disease are common causes of ED.39,40 In 

addition, spinal cord injury or treatment for prostate cancer (i.e., radical 

prostatectomy27,35, radiation therapy for prostate cancer41) and bladder cancer can 

damage nerves and arteries needed for erection and lead to ED. Importantly, the 

complex neurovascular process outlined above is susceptible to interference by various 

psychological problems such as anxiety, stress, or depression. 

A recent systematic review summarized studies that link lower urinary tract 

symptoms (LUTS) to ED and concluded that this is likely a cause-and-effect 

relationship.42 PDE5 inhibitors are therefore recommended as either prophylaxis or as 

primary treatment for LUTS.43 Finally, several prescription drugs have been associated 

with the development of ED. These include antihypertensive medications (thiazide 

diuretics, calcium-channel blockers, and beta-blockers), antipsychotics, 

antidepressants, and antihistamines.44,45 

Treatment Options for ED 

ED can be treated at any age. The goal of ED treatment is to restore a natural 

and normal sexual life and ultimately improve quality of life.46 Several treatment options 

are available, most of which offer high rates of efficacy and a favorable safety profile. 

ED patients play a key role in choosing the treatment and evaluating the treatment 

effect. Important considerations to select the treatment include the underlying cause 



 

24 

and severity of ED, patients‟ other health problems, and personal preference. In patients 

with mild ED, simple lifestyle change (i.e., weight loss, increased physical activity, or 

smoking cessation), behavioral modification, psychological therapy (talk therapy for 

patients with stress-related ED, addressing relationship difficulties), or treatment of 

underlying health problems may improve erectile dysfunction. However, as treatment of 

underlying organic risk factors does not always improve erectile function, medication 

therapy or other direct treatments are oftentimes necessary.4  

As most men prefer less invasive treatments, pharmacotherapy is currently the 

mainstay of treatment for ED. Pharmacological management of ED is available in oral 

dosage forms, as sublingual preparation, topical gel, or as an injection. Currently, the 

guidelines by the World Health Organization (WHO)47, the European Association of 

Urology (EAU)48, and the American Urology Association (AUA)49 support oral 

phosphodiesterase type 5 (PDE5) inhibitors as the first choice for ED treatment. PDE5 

is the predominant cGMP-metabolizing enzyme in the penile tissue. By blocking PDE5, 

and thus the breakdown of the erection-producing chemical cGMP, these drugs enable 

the penis to fill with blood and to stay erect for intercourse. In randomized clinical trials, 

the efficacy of PDE5 inhibitors was about 70-80% as assessed by the International 

Index of Erectile Function (IIEF)-EF domain scores or global efficacy assessment 

response rates.50 PDE5 inhibitors can be used by almost most ED patients regardless 

of the underlying cause of their disease, but best efficacy has been reported in ED 

cases with psychological causes. The efficacy of PDE5 inhibitors is lower in patients 

with severe ED (IIEF EF domain score <10), patients with diabetes and diabetic 

complications, and those who have undergone radical prostatectomy.51    



 

25 

Apomorphine is a dopamine receptor agonist and is administered sublingually on 

demand in 2 or 3 mg dose. The centrally acting drug improves erectile function by 

enhancing the natural central erection signals. It has limited efficacy compared to PDE5 

inhibitors and is therefore limited to patients with mild ED.51  

Intracavernous injection of vasoactive medications is considered as a second-

line therapy for ED, although it is associated with high efficacy and treatment 

satisfaction rate.52 It is thus often used by patients for whom the PDE5 inhibitor is either 

not tolerable or ineffective. For example, the injection therapy is more effective in 

patients whose ED is caused by diabetes. Its main disadvantage is the high 

discontinuation rate and limited compliance due to fear of needles and lack of 

spontaneity.51 

Intraurethral and other topical therapies are noninvasive, but the efficacy of these 

therapies is low compared to PDE5 inhibitors, and they have been associated with local 

adverse effects. They can be offered to patients not responding to PDE5 inhibitors.  

If none of the medications is helpful, other options to treat ED include vacuum 

erection devices, hormone therapy, vascular surgery, and surgical implants. Among the 

non-pharmacological options for ED, vacuum constriction devices (penile pump or 

VCDs), are offered mainly to elderly patients who engage in occasional sexual 

intercourse. Young patients show limited preference to VCDs because of the unnatural 

erection association with VCDs. VCDs are also offered to patients who are 

nonresponsive to oral drugs and who do not want to use other more invasive methods 

such as intracavernous injections. Testosterone supplements are appropriate only if ED 

is caused due to testosterone deficiency. This cause has been showed to be less 
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prevalent in the majority of men. If testosterone has been prescribed, it is often 

administered in gel form or as skin patches. Finally, penile implants (semirigid rods) and 

blood vessel surgery are generally the last treatment option, because of the 

invasiveness, cost, and non-reversibility, despite the fact that they are associated with 

highest patient satisfaction rates in properly selected patient populations.51  

Oral Phosphodiesterase Type 5 (PDE5) Inhibitors 

PDE5 inhibitors are the recommended first-line therapy for ED. Sildenafil was the first 

PDE5 inhibitor to be approved by the FDA as an oral pharmacotherapy for ED. Two closely 

related drugs - vardenafil and tadalafil, were introduced to the ED market 5 years later. The 

three PDE5 inhibitors are administered orally and used on an as-needed basis. The 

recommended initial dose for sildenafil is 50 milligrams (mg), which can be adjusted to 100 

mg or 25 mg.53 The recommended starting dose for tadalafil or vardenafil is 10 mg, and it can 

be titrated to 20 mg. According to the product labeling, PDE5 inhibitors are not recommended 

in men who have recent history of stroke or myocardial infarction (within 6-8 weeks), or who 

have significantly low blood pressure, uncontrolled high blood pressure, unstable angina, 

severe cardiac failure, severe liver impairment or end-stage renal disease requiring 

dialysis.54-56 Sexual stimulation is a prerequisite for all PDE5 inhibitors. No PDE5 inhibitors 

should be taken more than once a day.54-56 

Mechanisms of Action 

The human genome contains at least 21 genes involved in determining the 

intercellular levels of cyclic nucleotides (cyclic adenosine 3,5-monophosphate [cAMP], 

and cyclic guanosine 3,5- monophosphate [cGMP]) by the expression of 

phosphodiesterases (PDEs).57 At least 11 distinct PDE isoforms have been identified 

and their functional properties determined. PDEs are enzymes that hydrolyze cAMP and 
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cGMP into AMP and GMP, respectively. Cyclic nucleotides are intracellular secondary 

messengers that regulate many important physiological processes, such as vascular 

smooth muscle contraction, apoptosis, bone formation, and insulin response.58 The 

cAMP is formed from ATP by the enzyme adenylyl cyclase and cGMP is formed 

from GTP by the enzyme guanylyl cyclase, both of which are either membrane bound or 

soluble in the cytosol. The PDEs differentiate from each other based on sequence 

homology, enzymatic properties, and selectivity to inhibitors. But the most distinguishing 

feature between the 11 PDEs is their substrate specificity. Some PDEs specifically 

hydrolyze cAMP (PDEs 4, 7, 8); others are highly specific for cGMP (PDEs 5, 6, 9), 

whereas some are able to hydrolyze both cAMP and cGMP (PDEs 1, 2, 3, 10, 11). 

PDE5 is a cGMP-specific PDE and is particularly abundant in vascular smooth 

muscle of the penis and lung. The PDE5 also presents in platelets, visceral smooth 

muscle (gastrointestinal tracts), brain, and kidney. Competitive inhibitors of PDE are 

analogs of cyclic nucleotides that bind to the substrate-binding site and directly 

decrease the rate of substrate catalysis. Drugs that can counteract against these 

enzymes can regulate the intracellular concentrations of cAMP and cGMP, thereby 

influencing a broad variety of physiological functions. 

Penile erectile tissue consists of the corpus cavernosum and the corpus 

spongiosum, which are composed of sponge-like, interconnected trabecular spaces 

lined by vascular epithelium and smooth muscle. During sexual stimulation, nitric oxide 

(NO) is released from nerves and vascular endothelial cells in the penis. NO then 

passes through the smooth muscle cell membrane and stimulates the enzyme 

guanylate cyclase to convert guanylate triphosphate (GTP) to cGMP. The increased 

http://en.wikipedia.org/wiki/Cyclic_adenosine_monophosphate
http://en.wikipedia.org/wiki/Adenosine_triphosphate
http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Adenylyl_cyclase
http://en.wikipedia.org/wiki/Cyclic_guanosine_monophosphate
http://en.wikipedia.org/wiki/Guanosine_triphosphate
http://en.wikipedia.org/wiki/Guanylyl_cyclase
http://en.wikipedia.org/wiki/Artificial_membrane
http://en.wikipedia.org/wiki/Cytosol
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concentration of cGMP causes vascular smooth muscle relaxation in the corpus 

cavernosum and in penile arterioles, leading to an inflow of blood, which can produce 

penile erection. PDE5 is the predominant PDE isozyme in penile tissue, which is 

responsible for metabolizing cGMP. All PDE5 inhibitors selectively inhibit PDE5, hence 

preventing the breakdown of PDE5, enhancing the vasodilatory effect of NO, resulting in 

increased intracellular cGMP levels and restoring the erectile function (Figure 2-1). The 

selective induction of vasorelaxation in the penile tissue via the NO-cGMP signaling 

pathway occurs only during sexual stimulation. Other tissues do not have this 

mechanism. 

Pharmacology of PDE5 Inhibitors 

As competitive inhibitor of PDE5, the PDE5 inhibitors have a chemical structure 

that resembles that of cGMP. Of the three PDE5 inhibitors, sildenafil possesses a 

molecular structure very similar to vardenafil, whereas tadalafil has a slightly different 

structure. This structure difference determines a slight difference in the pharmacokinetic 

properties of the three agents. After oral administration, the three agents are rapidly 

absorbed from the gut. Time to peak plasma concentration (Tmax) for sildenafil and 

vardenafil is about 1 hour. Peak plasma concentration is reached approximately 2 hours 

after intake for tadalafil. The PDE5 inhibitors show marked differences in their 

elimination half-life. According to the package insert, the elimination half-life for sildenafil 

and vardenafil is about 3-5 hours, and tadalafil has a half-life of about 17.5 hours.54-56 

Related to the half-life data, the duration of action of sildenafil and vardenafil is about 4-

6 hours,54,55 but the duration of action of tadalafil is up to 36 hours.56 The long duration 

of action for tadalafil allows ED patients more freedom to choose the timing of sexual 

encounters (spontaneity). Another advantage of tadalafil is that fatty food has no effect 
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on its absorption, whereas it can delay the absorption of sildenafil and vardenafil, which 

in turn decreases its maximum plasma concentration and delays the mean time to 

maximum plasma concentration. The three PDE5 inhibitors are metabolized hepatically, 

mainly by cytochrome P450 (CYP) isozyme 3A4. All three PDE5 inhibitors are excreted 

predominantly via the fecal route and to a lesser extent in the urine (Figure 2-1). 

Efficacy, Tolerability, Patient Preference 

There are no published head-to-head trials to evaluate the efficacy of different PDE5 

inhibitors. Clinical trials comparing one active drug to placebo provide indirect evidence with 

regard to the comparative efficacy and safety of these agents.59 In these trials, patient 

reported outcomes are widely used in evaluating the treatment success of PDE5 inhibitors. 

For example, the self-administered 15 item questionnaire International Index of Erection 

Function (IIEF) has been validated in 10 different languages and is found to address the 

relevant domains of male sexual function.60 Overall, the efficacy of all 3 agents is similar, with 

about 70-80% of men reporting that the PDE5 inhibitors produce an improvement in erections 

and about 75% of men being able to have intercourse successfully.50,53 In addition, studies 

have demonstrated that PDE5 inhibitors are also effective in specific subpopulations, such as 

those with ED and stable cardiovascular disease, diabetes mellitus, depression, spinal cord 

injuries, or who have undergone radical prostatectomy or renal transplantation.51,61 Current 

treatment guidelines recommend that patients should not be deemed true treatment failures 

unless they have tried the maximum dose of the drugs for at least eight continuous 

occasions.61 In addition, patients who were previously non-responding to a PDE5 inhibitor 

may become successful after switching to either another PDE5 inhibitor, a regular dosing 

schedule, or by increasing the dose. 
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The selectivity of an inhibitor for PDE5 is the key determinant of the potential side 

effects of PDE5 inhibitors. Systematic review of clinical trials and FDA AERS records shows 

that all 3 PDE5 inhibitors are generally well tolerated and have similar contraindications and 

warnings.9,53,62 The most commonly reported class-specific side effects include flushing, 

headache, dyspepsia, gastrointestinal upset, nasal congestion, and myalgia.9,62 These are 

generally mild and of little long term consequence. Rare post-marketing adverse reports of 

non-arteritic anterior ischemic optic neuropathy (NAION) causing sudden vision loss in 

patients taking PDE5 inhibitors led the FDA to request a labeling change for all three 

products in 2005.63 

Double-blinded, case-crossover trials have been conducted to evaluate patient 

preferences for the three PDE5 inhibitors. After 12 weeks, patients were crossed over to the 

other treatment. Following another 12 weeks, the patients made a blinded choice of which of 

the two treatments they wished to receive in the study‟s extension period. The results from 

these trials were rather conflicting; some studies suggesting that tadalafil has the best patient 

preference; others failed to demonstrate significant superiority between the three agents.51,64 

Sudden Sensorineural Hearing Loss (SSHL) 

Risk Factors of SSHL  

In sensorineural hearing loss (SNHL), the damage to the hearing organ takes place in 

the inner ear (cochlea), nerve pathways that help transmit the sound messages from cochlea 

to the brain, or both. Patients with SNHL usually complain that they have difficulty 

understanding what is being said to them when there is a lot of background noise. Other 

signs and symptoms include difficulty hearing high-pitched sound, experience of dizziness or 

a ringing sound in their ears.  
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Common causes for SNHL include natural aging, exposure to excessive loud 

noise, congenital deafness, exposure to some medications (i.e., loop diuretics, 

aminoglycoside, NSAIDS, chemotherapies such as cisplatin, vincristine, and 

vinblastine), illnesses such as infection (i.e., syphilis, mumps, measles, CMV, HIV, 

varicella zoster, Lyme disease, rubella, Epstein–Barr virus), meningitis, cancer, vascular 

problems (i.e., smoking, diabetes mellitus, hyperlipidemia, stroke), neurological 

conditions such as multiple sclerosis, Alzheimer‟s disease, and head injuries (traumas 

such as skull fractures).65 In most cases, SNHL cannot be medically or surgically 

corrected. SNHL is the most common type of permanent hearing loss and significantly 

affects the quality of life for subjects who experience the condition. When SNHL is 

caused by natural aging or ongoing exposure to loud noise, it comes on gradually; 

sudden onset of SNHL can be caused by head injury or ototoxic drugs. Table 2-3 

summarizes the risk factors for SNHL.  

Sudden sensorineural hearing loss (SSHL), or sudden deafness, is defined as a 

hearing loss that is greater than 30 decibels (dB) in three connected frequencies that 

occurs in less than 3 days.23 It is estimated that SSHL affects 5 to 20 per 100,000 

population, with about 4,000 new cases per year in the US.22 Most SSHL occurs within 

minutes to several hours. Hearing loss affects only one ear in 9 out of 10 people who 

experience SSHL. SSHL is a frightening symptom and is considered an otologic 

emergency that requires immediate medical attention. Some patients may recover 

completely without medical intervention, often within the first 3 days. Others may get 

better slowly over a 1 or 2 week period. About 15 percent of those with SSHL 

experience worsening hearing loss.23  
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The pathophysiology for SSHL includes 4 possible causal pathways.22,66 First, 

many viral infections including cytomegalovirus, mumps, rubella, HIV, varicella zoster, 

and EBV can be the cause for SSHL. The viral infection or viral reactivation within the 

inner ear causes cochlear inflammation and/or damage to critical inner ear structures. 

Second, cochlear function is extremely sensitive to changes in blood supply. Vascular 

compromise of the cochlea due to thrombosis, embolus, reduced blood flow, or 

vasospasm seems to be a likely etiology for idiopathic SSHL. A vascular cause for 

SSHL has long been presumed because of its sudden or abrupt clinical course and 

accompanying symptoms. Third, intra-cochlear membrane rupture can produce a leak 

of perilymph fluid into the middle ear and thus allow mixing perilymph and endolymph, 

affecting endocochlear potential. Fourth, disorders affecting the immune system such as 

Cogan syndrome may have a role in causing SSHL. SSHL has been known to occur in 

established autoimmune diseases such as rheumatoid arthritis and diabetes. Finally, 

certain ototoxic drugs such as aminoglycoside antibiotics can be the cause for SSHL. 

22,23  

Diagnosis and Treatment for SSHL 

Doctors can determine whether a person has experienced SSHL by conducting a 

standard hearing test. The evaluation of the patient with SSHL includes a review of his 

or her medical history and symptoms, an otologic and neurologic examination, 

audiologic testing, and laboratory studies. Most commonly, SSHL affects the high tones, 

with relatively good hearing at the lower frequencies. SSHL is confirmed using a battery 

of audiologic tests. A comprehensive hearing assessment usually includes acoustic 

admittance measurements such as acoustic reflex test, acoustic reflex decay, 

otoacoustic emission (OAE), auditory brainstem response (ABR), tympanometry, and 
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behavioral audiometry testing including pure-tone audiometry, air and bone conduction 

testing, and speech audiometry.67   

No treatment has been proved absolutely effective for SSHL. Thus, treatment 

regimens can be varied, including vasodilators, anti-inflammatory agents, antiviral 

agents, and hyperbaric oxygen.68 Oral steroids treatment is the current standard 

treatment for SSHL. Current data suggested that intratympanic steroid injection might 

offer another treatment option for SSHL. Some otolaryngologists believe this will reduce 

side effects by avoiding systemic exposure, although the cost for intratympanic steroid 

injection is higher.23,69   

PDE5 Inhibitor Use and Risk of SSHL 

Critical Appraisal of Existing Evidence 

The PubMed database and FDA website were searched for reports of PDE5 

inhibitor and hearing loss published since 2007. After reviewing the contents, two 

reviews of premarketing RCTs,8,16 two animal studies,70,71 five case reports or case 

series,15,20,72-74 one cross-sectional database analysis,75 and an FDA newsletter21 were 

found for in-depth analysis. Table 2-4 summarizes the major findings from these 

studies.   

Giuliano et al. reported a large review of 67 double-blinded placebo-controlled 

(DBPC) trials and post-marketing safety data from the manufacturer of sildenafil citrate 

(Pfizer internal database). The DBPC database contained more than 14,000 men who 

took at least one dose of sildenafil. Only one case of mild hearing loss was reported in 

these trials. The patient had prior history of hearing impairment, which would be 

expected to be a risk factor for the current episode. In the post-marketing database, the 

reporting rate for sudden hearing loss and impaired hearing was 0.01% (3/39,277) and 
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0.07% (26/39,277) respectively. Of note, this figure may be underestimated because 

many patients suffering from sudden hearing loss may recover spontaneously and it has 

been noticed that AE outcomes deemed to be more severe (i.e., cardiovascular 

outcomes and death) may be reported with greater frequency than less severe AEs.9 

Another issue is that most cases also had other risk factors that are known to 

predispose for hearing loss.8  

Prompted by the first case report, the FDA independently reviewed RCTs data 

for the 3 PDE5 inhibitor agents. The incidence of patients experiencing sudden hearing 

loss from these clinical trials was about 5/25,000 for sildenafil, 3/16,000 for vardenafil, 

and 4/18,000 for tadalafil.16     

The ototoxic effect of sildenafil was further evaluated in a mouse model, 

demonstrating dose-response hearing impairment over time in mice treated with 

sildenafil.70 Auditory function tests were performed on mice that were orally 

administered high doses of sildenafil for up to 135 days. Hearing loss was evaluated by 

recording auditory middle ear latency responses and otoacoustic emissions. High dose 

of sildenafil increased hearing thresholds as measured by auditory brainstem 

responses. The authors suggested that high-dose and long-term sildenafil 

administration can induce hearing impairment in mice.70  

In total, 5 case reports or case series provide sufficient information and are 

included in the analysis. In 3 of the five reports, only grouped data was presented.20,73,74 

After excluding the duplicate cases, a total of 53 cases were reviewed. The summary of 

these 53 cases is presented in Table 2-4. 
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Thirty (57%) of the 53 cases of PDE5 inhibitor associated SNHL were found in 

the AERS database of the US FDA. Other countries that contributed to the case series 

include Germany (n=8), United Kingdom (n=8), Canada (n=5), Australia (n=1), and India 

(n=1). These patients were between 36 and 85 years of age, with a male-to-female ratio 

of 49:4. Only four cases in the AERS database were treated with PDE5 inhibitors for 

pulmonary arterial hypertension (PAH), in the remaining cases, the drug was used to 

treat ED.  

 No detailed information on potential alternative causes of SNHL was reported in 

the other four case reports of PDE5 inhibitor-induced SNHL,20,73,74,15 although some risk 

factors (smoking, hypertension, diabetes, hyperlipidemia) were presented by the 

authors in one case report (57-year-old man who had audiologic confirmed unilateral 

sudden SNHL after exposure to vardenafil). 

Use of sildenafil was most frequently linked to the development of SSHL (n=33; 

58%). Tadalafil and tadalafil were implicated and suspected to be associated with SSHL 

in 12 (21%) reports each. Only 4 (10%) patients had bilateral hearing loss. The interval 

between the last dose of a PDE5 inhibitor and the onset of hearing loss was 

documented in 32 patients (60%). Hearing loss occurred within 24 hours of PDE5 

inhibitor ingestion in 75% (24/32) of these patients, although the lag times between 

exposure and onset were reported to be as long as 18 months.74. Information on 

prognosis was documented in 14 patients. Thirteen patients reported a complete 

resolution or significant improvement in hearing. Complete and persistent deafness was 

recorded in only one patient.   
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After November 2007, the raw FDA data yielded an additional 223 logged reports 

submitted after the public advisory was released.74 Although little detail is available 

about these cases, the FDA Drug Safety Newsletter did record two patients who had a 

positive-re-challenge following the initial episode.21  

Until now, only one epidemiologic study on PDE5-induced hearing loss has been 

conducted using a sample of men 40 years and older from the 2003-2006 Medical 

Expenditure Panel Survey (MEPS).75 Participants of the survey provided information on 

medication use including PDE5 inhibitor in a total of five interviews. Hearing loss was 

self-reported. The study found that the overall incidence of hearing impairment was 

17.9% and increased with age. Two percent of the subjects had taken a PDE5 inhibitor, 

80% of them used sildenafil. In this study, men who reported having hearing impairment 

had a 2-fold increased odds of using PDE5 inhibitors compared to men without hearing 

impairment, after adjusting for demographics and other potential confounders. The 

study found the association was confined to sildenafil only; no meaningful relationship to 

hearing impairment was seen with vardenafil and tadalafil.75 However, as acknowledged 

by the authors, this might be due to sample size issues.75 Of note, although this study 

included a large population of PDE5 inhibitor (especially sildenafil) users, the cross-

sectional design is rather weak for causal inference. Other limitations of the study 

include the unknown validity of the self-reported hearing impairment, recall bias for drug 

exposure, and residual confounding. 

Possible Mechanisms of PDE5 Inhibitor Induced SSHL   

Based on diagnostic information in the case reports, SNHL caused by PDE5 

inhibitors appears to be predominantly cochleotoxic leading to hearing loss and tinnitus. 

Hearing loss appears to be unilateral and mild to moderate in severity. Reversibility of 
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the hearing loss appears inconsistently in the published case reports. Although some 

patients recovered completely, others experienced no improvement. Among those 

whose hearing recovered, time to recovery ranged from a few days to weeks after 

cessation of the medication. As such, the potential mechanism of PDE5 inhibitor 

induced SSHL is thought to be more related to biochemical or metabolic changes in the 

cochlea rather than to morphologic abnormalities.76  

Especially in light of the limited evidence, biological plausibility of a causal 

association between PDE5 inhibitors and SSHL is an important consideration. One 

conceivable mechanism for the ototoxic effect may be a pathway related to nitrous 

oxide (NO) and cGMP mediated hearing loss. NO/cGMP is critical in erection health, 

and NO has been implicated to cause a variety of otologic diseases including hearing 

loss associated with bacterial meningitis17, gentamicin-induced hearing loss18, and 

cisplatin-ototoxicity. NO is produced by endothelial nitric oxide synthase or inducible 

nitric oxide synthase (iNOS). NO has been measured in the auditory nerve, lateral well, 

and neuroepithelium of the guinea-pig cochlea.77 NO can lead to inner ear dysfunction 

and inhibition of iNOS lowers the cochlea damage in animal models.78,79 In addition, 

increased production of NO has been demonstrated in animals with hearing loss caused 

by drugs. It is therefore biologically plausible that PDE5 inhibitors might increase the 

risk of SSHL through the mediation of NO.  

In summary, although cause and effect remains unproven based on current lines 

of evidence, an association between PDE5 inhibitor therapy and SSHL in patients 

taking these drugs is plausible. 
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Table 2-1.  Causes of Erectile Dysfunction 

  Disease  

Lifestyle factors Cigarette smoking, heavy alcohol drink, 
inactive lifestyle 

Psychological disorder Anxiety, depression, stress 

Vasculargenic  Hypertension, coronary arterial disease, 
peripheral vascular disease, kidney 
disease 

Endocrine disease Diabetes mellitus, obesity 

Neurologenic Multiple sclerosis, spinal cord injury, 
stroke, Alzheimer‟s disease, Parkinson‟s 
disease 

Prostate cancer, bladder cancer treatment  Radical prostatectomy, pelvic radiotherapy 

Nephology  Lower urinary tract symptoms  

Medication use Antihypertensive medications (beta 
blockers, calcium channel blockers, 
thiazide diuretics), antipsychotics, 
antidepressants 

* Modified from 3 reference papers
22,23,41 
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Table 2-2.  Pharmacodynamics and Pharmacokinetics of PDE5 Inhibitors 
 Sildenafil citrate Sildenafil citrate Vardenafil hydrochloride  Tadalafil 

Drug name  Viagra (Pfizer) 
 
Revatio (Pfizer) 

Tadalafil (Lilly) Cialis (Bayer) 

Indication  Erectile dysfunction (ED) 
Pulmonary arterial 
hypertension (PAH) 

Erectile dysfunction (ED) Erectile dysfunction (ED) 

Available doses 
(mg) 

25, 50, 100 
 
25, 50, 100 

5, 10, 20 5, 10, 20 

FDA approval March 27
th
, 1998 June 19

th
, 2005 August 19

th
, 2003 November 21

st
, 2003 

Dosing 
50 mg initial dose, 
range 25 – 100 mg 

Max: 20 mg, tid 
10 mg initial dose, 
range 5 – 20 mg 

10 mg initial dose, 
range 5 -1 20 mg 

Special 
populations 

Use low dose (25 mg) in 
elderly and consider in 
those with hepatic/renal 
dysfunction 

N.A. 

A 5mg starting dose should be 
used in elderly patients and those 
with mild to moderate hepatic or 
severe renal impairments 

Dose adjustment is not 
necessary in elderly 
patients 

Time to take 
before sexual 
activities 

About 60 minutes N. A.  30-60 minutes 30 minutes 

Duration of action 4-6 hours 4-6 hours 4-6 hours Up to 36 hours 

Protein binding 96 96 95 94 

Cmax, μg/L 31.8 31.8 378 327 

Tmax, hours Mean 1 hour Mean 1 hour Mean 1 hour Mean 2 hours 

T1/2, hours 3-5 hours 4 hours 3-5 hours 17.5 hours 

Metabolism CYP3A4 CYP3A4 CYP3A4 CYP3A4 

Percent excreted 
in faces/urines 

80/13 80/13 92/5 61/36 

Footnote: Cmax: Peak plasma concentration after administration; Tmax: Time to reach peak plasma concentration; T1/2: Elimination half-life 
     * Modified from 3 reference papers

12,61,80
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Table 2-3.  Risk Factors for Sudden Sensorineural Hearing Loss 

Type  Example  

Viral infection  Viral cochleitis associated with herpes viruses, parainfluenza virus, influenza, mumps, measles, rubella, 
or HIV; bacterial meningitis; Mycoplasma pneumoniae infection; Lyme disease; tuberculosis, syphilis, or 
fungal infection 

Neoplasms  Acoustic neurinoma; meningeal carcinomatosis; lymphoma, leukemia, or plasma cell dyscrasia 
Trauma  Head injury, barotraumas; noise exposure 

Autoimmune 
disease  

Autoimmune inner ear disease; Cogan's syndrome; Susac syndrome; systemic lupus erythematosus; 
antiphospholipid antibody sydrome; rheumatoid arthritis; Sjögren's syndrome; relapsing polychondritis; 
vasculitides (polyarteritis nodosa, Behçet's disease, Kawasaki disease, granulomatosis with polyangiitis 
(Wegener's), temporal arteritis, or primary central nervous system vasculititis) 

Vascular 
disorder  

Vertebrobasilar cerebrovascular accident or transient ischemic attack; cerebellar infarction; inner ear 
hemorrhage 

Drugs  Aminoglycosides, vancomycin, erythromycin, loop diuretics, antimalarials, cisplatin, sildenafil, cocaine 
Other causes  Meniere disease, otosclerosis; Paget's disease; multiple sclerosis; sarcoidosis; hypothroidism; idiopathic 

SNHL 
     * Modified from 3 reference papers

32-34
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Table 2-4.  Case Reports of PDE5 Inhibitor Use and SSHL 
No. of 
patients 

Age range, 
years 

Sex Drug Dose Duration of 
use 

Indication Time to onset
a
 Laterality

b
 

1 44 M Sildenafil 50mg 15 days ED <24 hours Bilateral 

25 ED: 44-85 
PAH: 36-63 

M (22) 
F (3)

c
 

Sildenafil (17) 
Vardenafil (3) 
Tadalafil (6)

d
 

NA NA ED (21) 
PAH (4) 

<24 hours in 
15/17 patients 

Unilateral (24) 
Bilateral (1) 

4 45-65 M Vardenafil  10mg 1
st
 dose ED <24 hours Unilateral 

1 57 M Vardenafil  2.5mg 1
st
 dose ED <24 hours Unilateral  

22
f
 37-72 M (18) 

F (1) 
NA (3) 

Sildenafil (15) 
Vardenafil (4)

 e
 

Tadalafil (6)
e
 

NA NA ED <24 hrs (3) 
<2 wks (2) 
≥2 wks (4) 

NA (13) 

Unilateral (8) 
Bilateral (2) 

NA (12) 

PDE5, phosphodiesterase type 5; SSHL, sudden sensorineural hearing loss; AERS, adverse event reporting system; ED, erectile dysfunction;  
PAH: pulmonary arterial hypertension; NA, not available 
a: Defined as time between onset of SSHL and date for the last pill ingestion 
b: Unilateral, bilateral, or unknown 
c: All three female patients were treated by sildenafil for PAH 
d: One patient used both sildenafil and tadalafil to treat ED  
e: One patient used both vardenafil and Sildenafil; two patients used both sildenafil and tadalafil 
f: Include only the 22 cases from Canada, Germany, United Kingdom, and Australia 
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Table 2-4.  Continued 
Audiology confirmed Prognosis Comorbid condition Reference 

Yes  Profound hearing loss; no 
improvement 

No Mukherjee et al. (2007)
15

 

NA Complete resolution (5) 
Partial improvement (3) 

NA Maddox, et al. (2009)
20

 

Yes  Complete resolution NA Okuyucu, et al (2009)
73

 

Yes  Complete resolution  CKD, Type-2 diabetes, 
hypertension, 
hyperlipidemia 

Snodgrass et al (2010)
72

 

NA NA NA Khan, et al (2011)
74

 

PDE5, phosphodiesterase type 5; SSHL, sudden sensorineural hearing loss; AERS, adverse event reporting system; ED, erectile dysfunction;  
PAH: pulmonary arterial hypertension; NA, not available 
a: Defined as time between onset of SSHL and date for the last pill ingestion 
b: Unilateral, bilateral, or unknown 
c: All three female patients were treated by sildenafil for PAH 
d: One patient used both sildenafil and tadalafil to treat ED  
e: One patient used both vardenafil and Sildenafil; two patients used both sildenafil and tadalafil 
f: Include only the 22 cases from Canada, Germany, United Kingdom, and Australia 
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Figure 2-1.  Mechanism of Action of PDE5 Inhibitors. (Reprint permission obtained from 
Nature Review Drug Discovery). 
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CHAPTER 3 
METHODOLOGY 

This chapter first provides an overview of study design and data sources to be 

used for this thesis. It is followed by a description of methods for the 3 study parts. 

Detail of the methods includes identification of study cohorts, definition of exposure, 

outcome, covariates, and plan for statistical analysis. This investigation is approved by 

the Institutional Review Board (IRB) of University of Florida and a data-use agreement 

with the Rutgers University is in place. Special measures are undertaken to ensure the 

data security and integrity. All patient data is de-identified to ensure full protection of 

confidentiality of study subjects. 

Overview of Study Design 

Medical service and pharmacy claims data were obtained from the MarketScan® 

Commercial Claims and Encounters (CCAE) database, which compiles claims data 

from private health insurance plans of large employers in the US. During the study 

period (1998-2007), three PDE5 inhibitors (sildenafil, vardenafil, tadalafil) were 

commercially available for on-demand treatment of erectile dysfunction (ED). PDE5 

inhibitors are considered to be a „lifestyle drug‟ used to restore sexual function; because 

of controversial opinion about the medical necessity of ED treatment and concern about 

rising pharmaceutical cost of managing ED,81,82 health plans usually restrict the 

reimbursed supply to a maximum of 4-8 tablets per month.81-83 Recent research 

suggests potential benefits of continuous use of PDE5 inhibitor as a means for the 

management of ED caused by nerve-sparing radical prostatectomy84-86 and lower 

urinary tract syndrome (LUTS) related to benign prostatic hyperplasia (BPH),87-89 and 

health plans usually do not impose restrictions on the number of tablets allowed per 
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prescription for patients with LUTS or in men who have been treated for prostate 

cancer. The FDA approved sildenafil (20mg tablet) to be used to treat pulmonary arterial 

hypertension (PAH) in June of 2005. According to the approved drug label, patients with 

PAH are instructed to take sildenafil three times daily.21   

In Part 1, a retrospective claims analysis was conducted to explore the pattern of 

PDE5 inhibitor use among patients enrolled in large employer-based health insurance 

programs.90 Annual prevalence and incidence of PDE5 inhibitor use were estimated. In 

stratified analyses, the prevalence and incidence was estimated in subgroups defined 

by age (18-29, 30-39, 40-49, 50-59, and 60-64 years). While estimates of prevalence 

and incidence give an indication of the number of patients currently taking or starting 

PDE5 inhibitors, these estimates do not describe actual patterns of PDE5 inhibitor use 

at the daily level. Additional parameters including number of refills, distinctions between 

on-demand versus chronic use, switching to another PDE5 inhibitor agent, and dose 

titration were also estimated.     

In Part 2, a population-based, incident-user cohort study was undertaken to 

assess the association between PDE5 inhibitor use and risk of SSHL („class-effect‟). 

The retrospective cohort design is considered appropriate for the study objective 

because it allows a concurrent control group and allows estimation of the absolute risk 

as well as risk difference, which are important parameters for risk assessment and risk 

management. Furthermore, because treatment in our study population was not 

randomly assigned to patients by investigators as in randomized trials, differences in 

baseline patient-level characteristics in treatment groups that are also associated with 

the outcome can bias the effect estimates of treatment.91 The proposed study is more 
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vulnerable to this confounding bias, because ED and SSHL share many common risk 

factors (e.g., vasculargenic and neurogenic causes, medication use). In order to adjust 

for confounding, we used propensity score (PS) adjustment to account for baseline 

differences between treatment groups.92,93 Because the PS method models the 

probability of exposure, the temporality of a cohort design (first exposure then outcome) 

makes it logically and conceptually straightforward to construct the PS model in a cohort 

study framework.94  

The incident-user design is recommended for comparative effectiveness and 

safety studies of pharmaceutics.95 The design mimics randomized trials by comparing 

“new users” of treatments, thus avoiding under-ascertainment of study events that could 

occur early in therapy. In pharmacoepidemiology, this type of bias is called „depletion of 

susceptible‟ – where patients susceptible to a drug side effect may drop out early 

because they suffer from events early in the course of therapy, whereas those 

remaining in the study cohort (i.e., prevalent users) are actually less susceptible to the 

study outcome. Hence, studies that include only prevalent users may underestimate the 

drug effect. In addition, the incident-user design ensures that baseline covariates are 

ascertained before treatment initiation, which avoids accidental conditioning on 

covariates that are in the causal pathway, thus leading to a bias towards masking a true 

positive association.91,94  

In Part 3, an incident-user cohort design was used to study the risk of SSHL 

comparing new users of three PDE5 inhibitors. Since an active drug (sildenafil) was 

used as the reference group in this study part, this active-control design can help 

reduce confounding by indication further.96  
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Data Source and Data Files Linkage 

The study cohorts were established from the Thomson Reuters MarketScan® 

Commercial Claims and Encounters (CCAE) database. The computerized CCAE 

database is an insurance claims database on approximately 15 million unique patients 

that includes active employees, early retirees, and their dependents who are covered 

under a variety of employer-sponsored health insurance programs (i.e., preferred 

provider organizations, health maintenance organization, point-of-service plans with or 

without capitation). The MarketScan CCAE database represents more than 100 payers 

within the US. For this thesis, data is available on enrollees for a 10-year period (1998-

2007). The database contains fully adjudicated de-identified claims data for inpatient 

services, outpatient services, outpatient prescription drugs, and monthly enrollment data 

provided in the following tables:  

1. The enrollment table provides individual level enrollment records (i.e., monthly 
enrollment indicators) with demographics (i.e., age, gender, birth year, 
geographic region, industry type, and employment status), and health plan 
information (i.e., plan type, deductible amount, and copayment amount). In order 
to protect confidentiality, information on age is limited to the year of birth. 

2. The inpatient service table contains both facility and physician services 
associated with an inpatient admission. It contains data on date of admission, 
date of discharge, principal diagnosis (codes with the International Classification 
of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] codes), secondary 
diagnosis, procedure codes, procedure code type (ICD-9-CM, CPT, HCPC, 
NABSP, UB92 Revenue Code), and date of service incurred.  

3. The outpatient service table includes encounters and claims for services that are 
generated in a doctor‟s office, hospital outpatient facility, emergency room, or 
other outpatient facilities. Like the inpatient service table, the outpatient service 
table contains data on date of service, diagnoses codes, and procedures.  

4. The outpatient pharmaceutical claims table contains data on prescription drugs 
dispensed from community-based retail pharmacies and mail-order pharmacy 
services, including the drug name defined by National Drug Code (NDC), date of 
dispensing, quantity dispensed (i.e., refill number), dosage form, and days of 
supply dispensed (i.e., 30 or 90 days of supply). In the outpatient pharmaceutical 
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claims table, there is no field to indicate if the prescription is pro re nata (take as 
needed). Drugs not reimbursed by the payer (e.g., purchased on the internet or 
available over-the-counter) are not recorded in the outpatient pharmaceutical 
claims table.    

Each individual data table in the CCAE database includes a unique encrypted 

identifier for each patient. All data tables are linked using this encrypted identifier. As 

data comes from a number of different health insurance programs, they undergo a 

series of cleaning procedures and quality checks to ensure a standardized format.  

Advantages of using the MarketScan CCAE data for the investigation proposed 

in this thesis include coverage of a large insurance population from 1998 (when Viagra 

was first introduced to the ED marketed) to 2007 (when the FDA announced the 

labeling change for all PDE5 inhibitors due to the potential increased risk of SSHL); 

coverage of a large proportion of adults who may consider use of PDE5 inhibitors for 

management of ED; and coverage of private pharmacy benefit organizations, many of 

which including PDE5 inhibitors in their formulary (in contrast to public insurance 

programs, which do not). The CCAE database was previously used in a drug utilization 

study that examined the preference and adherence to treatment among ED patients 

following radical prostatectomy (RP) or radiotherapy for localized prostate cancer.97 

After receiving MarketScan CCAE data files from the Rutgers University, we 

carried out further data cleaning and data integrity check. Specifically, we checked for 

duplicate patient IDs in the Annual Summary Enrollment Tables. We found no duplicate 

records in these files. In addition, we checked missing data and invalid values of key 

variables to get an initial image of the quality of the MarketScan data. We found the 

data sets have fairly low percent of missing data and invalid values. Finally, we counted 

the volume of in- and out- patient claims, prescription drug claims by calendar year and 
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by types of health plan (e.g., exclusive provider organization, health maintenance 

organization, non-capitated point-of-service, preferred provider organization) in the 

MarketScan CCAE data. A capitated provider is at higher financial incentive for patient 

referral, and patients may receive suboptimal care through underutilization of services. 

Thus, the completeness and validity of claims data submitted by capitated providers 

might be questionable. We found there is no evidence of underreporting that is 

associated with a particular type of health plan.   

Part 1: Patterns of PDE5 Inhibitor Use in a Commercially Insured  

Study Population 

The base population for Part 1 consists of male enrollees aged 18 to 64 years 

who were continuously enrolled for at least 6 months in a health plan that contributed 

data to the MarketScan® CCAE database from January 1, 1998 through December 31, 

2007. PDE5 inhibitor claims are abstracted from outpatient pharmacy tables by using 

the National Drug Index (NDC) codes. PDE5 inhibitors that are ordered through internet 

or free drug samples are not included in the CCAE database.  

Data Analyses 

Prevalence and incidence of ED 

Using the inpatient and outpatient service tables, patients with ED were identified 

based on the presence of at least one inpatient or outpatient medical service claim with 

a primary or secondary diagnosis for ED (ICD-9-CM codes 607.84 (organic impotence) 

or 302.72 (psychogenic impotence). Calculation of prevalence and incidence of ED was 

defined calendar year-specific. To be included in the population for the prevalence 

estimate in Year X (i.e., the denominator of the prevalence estimate), the patient had to 

be continuously enrolled for at least 6 months during Year X. To be included as a case 
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of ED in Year X (the numerator of the prevalence estimate), the subject had to have at 

least one inpatient or outpatient medical service claim with ICD-9-CM code „607.84‟ or 

„302.72‟ in Year X. The prevalence of ED in a given calendar year was then calculated 

as the numerator divided by the denominator, as defined above, and expressed as the 

number of cases per 1,000 subjects. The 95% confidence interval (CI) was calculated 

assuming a binomial probability distribution. 

To be included as an incident ED case (the numerator of the incidence estimate) 

in Year X, the subject had to have at least one inpatient or outpatient ED diagnosis in 

Year X that was preceded by at least 365 days continuous enrollment without a 

diagnose code for ED. The denominator for the incidence estimate includes person-time 

during year X for all subjects who were eligible in January of the measurement year and 

who had 12 months continuous enrollment in the previous year without a diagnosis of 

ED. The incidence of ED, expressed as the number of cases per 1000-subject-years) 

was then calculated as the sum of incident cases divided by the sum of the months 

subjects were enrolled during the measurement year. We required an incident case to 

have at least 12 months continuous health plan enrollment preceding their first ED 

diagnosis in a measurement year, we cannot estimate the incidence of ED for calendar 

year 1998. 

In secondary analyses, the annual prevalence and incidence of ED was 

measured in subgroups defined by age categories. Age was measured at the beginning 

of each calendar year and all variables were retrieved from the member annual 

enrollment file.  
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Prevalence and incidence of PDE5 inhibitor use 

Estimations of the annual prevalence and incidence of PDE5 inhibitor use are 

also calendar year-specific. From the base population as described above, all males 

between the age of 18-64 years who were enrolled in a drug benefits program as 

indicated by the program eligibility file were eligible for the analysis. Because we 

required incident users to have no PDE5 inhibitor dispensing record for at least 12 

months before their first PDE5 inhibitor prescription, we cannot estimate the incidence 

of PDE5 inhibitor use for Year 1998.  

To be included in the population for the prevalence estimate in Year X (i.e., the 

denominator of the prevalence estimate), subjects had to have at least 6 months 

continuous enrollment in a calendar year of interest and be between 18-64 years at the 

beginning of that year. To be considered a current user of PDE5 inhibitors (the 

numerator for the prevalence estimate) in Year X, individuals had to have filled at least 

one prescription for any PDE5 inhibitor in that calendar year of interest. The prevalence 

of PDE5 inhibitor use in a given calendar year was then calculated as the numerator 

divided by the denominator, as defined above.  

Individuals included in the denominator for the incidence calculation include all 

individuals who satisfy the same eligibility criteria as described above and were 

continuously enrolled in January of the measurement year and the entire preceding year 

where the preceding year had no PDE5 inhibitor dispensing records. The numerator for 

the incidence calculation includes incident PDE5 inhibitor users defined as subjects 

whose first PDE5 inhibitor claim in a given calendar year was preceded by at least 12 

months of continuous eligibility without a prescribed PDE5 inhibitor claim. The incidence 

of PDE5 inhibitor use was then calculated as the sum of all incident users divided by the 
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sum of all months patients were enrolled during the measurement year, expressed as 

the number of cases per 1,000 subject-years. The annual incidence of use was 

estimated for overall and for individual PDE5 inhibitors. In secondary analyses, the 

annual prevalence and incidence of PDE5 inhibitor use was measured in subgroups 

defined by age categories.    

During the study period, the three PDE5 inhibitors were approved to treat ED on 

an as-needed (PRN) basis. Daily dose sildenafil was approved to treat pulmonary 

arterial hypertension (PAH) in 2005. Routine dosage of PDE5 inhibitors has been 

investigated in more recent years as a means for long-term management of PAH,98 

lower urinary tract symptoms (LUTS) related to benign prostatic hyperplasia (BPH),87,99 

penile rehabilitation after prostatectomy,84-86 Peyronie‟s disease,100 and urinary 

incontinence.101 Possible indications for PDE5 inhibitor use were identified among new 

users of PDE5 inhibitors (i.e., no PDE5 inhibitor filled in the 12 months before the index 

prescription in the study period). Medical service encounters occurring during the 90 

days before the index PDE5 inhibitor prescription were searched to identify outpatient or 

inpatient encounters with ICD9-CM diagnoses for conditions frequently treated with 

PDE5 inhibitors. The list of potential diagnoses was developed a priori based on a 

review of FDA approved drug labels,54-56 and listed indications in the Clinical 

Pharmacology as well as published review articles.7,50,102 We included only indications 

that are either FDA approved or have evidence for efficacy from a randomized 

controlled trial. The final list of indication included ED („607.84‟, „302.72‟), prostate 

cancer („185.x‟), pulmonary hypertension („416.0‟, „416.8‟, „416.9‟), LUTS/BPH („222.2‟, 

„600.x‟), and Peyronie‟s disease („607.81‟). Subjects without any such indication in the 
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90 days preceding the incident pharmacy dispensing record were classified as having 

an unknown indication.  

Longitudinal pattern of PDE5 inhibitor use 

To gain insight into longitudinal pattern of PDE5 inhibitor use, the total number of 

refills, total number of tablets dispensed, and the percentage of subjects who switched 

to a different PDE5 inhibitor agent or to a different dosage form during the first 6-months 

after the index PDE5 inhibitor prescription were estimated. The date of first use of a 

PDE5 inhibitor preceded by 12 months continuous enrolment for each subject was 

flagged. All subsequent PDE5 inhibitor prescriptions filled by the subject were then used 

to analyze longitudinal pattern of use. 

In the primary analysis, a 6-month follow-up period was used. This is because 

previous utilization studies suggest that the percentage of patients who discontinue or 

switch to another agent was highest during the first few months after a patient initiated 

PDE5 inhibitor treatment.103 In the secondary analyses, we estimated these parameters 

in subjects who had at least 12, 18, or 24 months of continuous follow-up. 

Thus, prescription refill was measured as the number of subjects who refilled at 

least one PDE5 inhibitor prescription during the 6 months post index date period divided 

by the total number of eligible subjects who met the cohort inclusion criteria. The 

medication switching proportion was calculated by dividing the number of subjects who 

had switched to another PDE5 inhibitor during the 6 months period after the index date, 

by total number of eligible subjects. The proportion of patient with dose titration was 

defined as the proportion of subjects who had increased or decreased their dose during 

the 6 months period after the index date, divided by total number of eligible subjects. 
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Part 2: PDE5 Inhibitor Use and Risk of SSHL (“Class Effect”) 

Study Design and Population  

For part 2 of the thesis we employed a retrospective cohort study to evaluate the 

risk of SSHL comparing PDE5 inhibitor use with nonuse. For exposed group, we 

included all male beneficiaries who were new users of PDE5 inhibitors and also enrolled 

in a health plan that contributed data to the MarketScan CCAE databases between 

1998 and 2007. The used new user design to avoid underestimation of outcomes that 

might have occurred soon after initiation of therapy,91 which is important because most 

cases reported to FDA‟s AERS system had a sudden onset of hearing loss that was 

usually within 1-3 days after initiation of PDE5 inhibitor treatment.16 To be considered as 

a new user of PDE5 inhibitors, we first identified all patients who filled a prescription for 

any PDE5 inhibitor after not having filled a PDE5 inhibitor medication in the preceding 

183 days (index date). We retained only subjects who had 183 days of continuous 

enrollment in both health plan and drug benefits programs before the index date in order 

to ensure a complete ascertainment of all baseline comorbid conditions and prior drug 

use. For this study, we included only the first qualifying index PDE5 inhibitor prescription 

for each patient, even though a patient may have multiple index prescription episodes 

that all satisfied the cohort inclusion criteria, because past experience of using PDE5 

inhibitor could potentially modify a patient‟s probability of exposure to the study drug 

and the occurrence of outcome in the future.91,95 

Patients <18 years or >64 years at the index date were excluded, as were patient 

who had been diagnosed with comorbid conditions that can cause SSHL. These 

conditions were measured during the 183-day washout period and included hearing loss 

of any form (conductive, sensorineural, mixed, unspecified), cancer (except prostate 
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cancer and bladder cancer), organ transplantation, HIV/AIDS, cytomegalovirus 

infection, rubella, syphilis, bacterial meningitis, viral encephalitis, severe head injury, 

and head or neck radiation. We removed the original restriction to require eligible 

patients to have a diagnosis of ED before their PDE5 inhibitor index prescription, 

because only about a quarter of new users of PDE5 inhibitor in our study had an ED 

diagnosis before index date. We excluded individuals who received PDE5 inhibitors for 

pulmonary arterial hypertension (PAH) because the PDE5 inhibitor dosing schedule for 

these patients is different,50 and because the population was too small to allow separate 

inferences (1,016 patients with PAH in our cohort). Finally, we excluded patients who 

had filled prescriptions for other known ototoxic drugs including aminoglycosides, 

interferon, cisplatin, cyclosporine, vinblastine and vincristine during the look-back period 

and during any time during the follow-up. All inclusion and exclusion criteria along with 

their operationalization are summarized in Appendix A. 

A similar definition was applied to the reference group which consisted of all male 

adults who were not dispensed any PDE5 inhibitor during the study period. For each 

control, the index date was a random date selected from their continuous enrollment 

period that was preceded by 183 days health plan member eligibility. All other cohort 

inclusion criteria were identical for PDE5 inhibitor users and controls. Because PDE5 

inhibitor users and nonusers were expected to differ in various baseline characteristics 

that may be directly related to the outcome, in the secondary analysis, we selected 

users and controls from only individuals who had an ED diagnosis to control for 

confounding bias. 
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PDE5 Inhibitor Exposure 

All PDE5 inhibitor prescriptions dispensed by new users between index date and 

end of follow-up were included in this analysis. Because PDE5 inhibitors are lifestyle 

drugs,104 health plans implement a strict quantity limit policy, typically allowing a 

maximum of 4-8 tablets per qualified member per month. In addition, patients cannot 

refill their prescription up until 75% of their days‟ supply has elapsed.81,82,105 Because 

PDE5 inhibitors are used on a PRN or as-needed basis,54-56 patients have complete 

freedom to decide when and how they would like to take the drug. Thus, exact time and 

frequency of PDE5 inhibitor exposure is not ascertainable from pharmacy dispensing 

data. In order to overcome this limitation, some assumptions needed to be made in 

terms of the usual patterns of PDE5 inhibitor use by ED patients in the study. Several 

authors looked into this issue by conducting surveys among ED patients. Overall, 

among men who responded to the surveys, most used PDE5 inhibitors 1-2 times per 

week followed by individuals who used it once or twice a month.106-109  

Accordingly, we estimated the duration of PDE5 inhibitor exposure by multiplying 

the dispensed number of tablets by the estimated frequency of use. For example, in the 

primary analysis, we assumed that patients used one tablet of PDE5 inhibitor per 7 

days. If a patient was dispensed 4 tablets, we computed the intended days of supply to 

be 28 days. The total exposure period was then defined as the estimated days‟ supply 

plus an added 30-day grace period. The 30-day grace period was added based on two 

assumptions: first, PDE5 inhibitors are „lifestyle drugs‟ which are used by patients to 

enhance their sexual performance rather than to treat a particular medical necessity, 

hence patients may not use the full monthly supply82 or may not refill their prescriptions 

on time.103 Second, although SSHL is characterized as a medical emergency with rapid 
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loss of hearing over a short period of time (usually within 72 hours), 9 out of 10 patients 

have only unilateral hearing loss and sensation loss ranges from mild to severe.23 

Hence, many patients may not seek health care immediately after symptom onset or 

may first consult their primary care physician. Thus, audiologic exams and final 

diagnosis of SSHL may be delayed. In fact, a recent study suggested that the average 

delay in referral for an audiologic and otolaryngologic exam was 20.8 days in patients 

with SSHL.110  

After calculating the duration of PDE5 inhibitor use for each prescription 

dispensed, each week of follow up was classified as exposed or unexposed according 

to the probability of use. The resulting consecutive drug exposure periods were used to 

determine the time-dependent exposure periods indicating whether the patient was 

treated with PDE5 inhibitor at any given week during the follow-up. Subsequently, the 

classification of exposure was divided into 3 mutually exclusive categories – current 

use, recent use, and nonuse, based on the majority of days attributed to each category 

of exposure in each week of follow-up. Current use included the time from date of 

prescription filling (t0) to the end of the days of supply as determined by the number of 

tablets dispensed (according to prescription record) and the patient‟s frequency of 

PDE5 inhibitor use plus a grace period of 30 days. Recent use was defined as use after 

current use up to 365 days after the end of the current use period. The recent use 

category was introduced because of the potential to misclassify exposed person-time as 

nonuse person-time for drugs that are used intermittently, hence masking a positive 

safety signal that would be detected otherwise. Furthermore, some PDE5 inhibitor users 

may split their pills to achieve cost savings which contributes further to the exposure 
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misclassification.111 In this study, if the patient received a new dispensing of PDE5 

inhibitor before the imputed days‟ supply was exhausted, the excess supply was not 

carried over. The nonuse period was defined as no PDE5 inhibitor use in the past 365 

days. Thus, the nonuse period included follow up person-time from the control group as 

well as the unexposed person-time from PDE5 inhibitors users after their recent use 

period has elapsed. For this study, switching between different PDE5 inhibitor agents or 

a change in dosage did not affect current use or recent use designations (Figure 3-1).  

In summary, the following exposure categories were constructed:  

Exposure category 1: Current use (time-dependent; 1=yes, 0=no) 

Exposure category 2: Recent use (time-dependent; 1=yes, 0=no) 

Exposure category 3: Nonuse (time-dependent; 1=yes, 0=no) 

Study Endpoint 

The study outcome was defined as the first SSHL diagnosed during follow-up. 

We did not have data on audiologic testing results in the study database. The primary 

definition of SSHL required at least one in- or out- patient diagnosis of sensorineural 

hearing loss (ICD-9-CM codes: 389.1x, 389.2x, or 388.2) combined with at least one 

CPT code for an audiometric hearing test in each of the 30-day window before and after 

SSHL diagnosis, except for those hearing tests that were undertaken during the first 3 

days after SSHL diagnosis. Although the computer-based case definition has not been 

validated previously, we expect the positive predictive value (PPV) of the algorithm to 

be high because we required very specific procedure codes for audiologic hearing tests 

that are used to determine the presence or absence of hearing loss and the type of 

hearing loss (e.g., behavioral audiometry, otoacoustic emission, auditory brainstem 

response).23 Accurate diagnosis of SSHL is essential for proper management of 
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patients with SSHL and it also ensures that treatment is given to patients who meet 

audiometric criteria for diagnosis. In our definition of SSHL, we required that at least two 

audiometric tests were performed within -30 to +30 days of SNHL diagnosis, because 

most otologists and audiologists recommend that a follow-up audiometric test needs to 

be ordered 2-4 weeks after diagnosis to evaluate prognosis and effectiveness of 

treatment.23 Furthermore, because oral steroids or intratympanic steroid injection are 

the most popular treatment options for SSHL in North America,68 in the sensitivity 

analysis, we required that a confirmed case of SSHL should have evidence of treatment 

with steroids after SSHL diagnosis. We would expect the PPV for this algorithm to 

improve while sensitivity would be lowered. Given our cohort design, this may reduce 

study power but decrease systematic bias. 

Covariates 

From enrollment files, we defined demographic variables including age, region, 

type of insurance, and calendar year at the index date. Other baseline patient 

characteristics were defined using medical and pharmacy claims during the look-back 

period. We defined a group of clinical conditions that are risk factors of SSHL. These 

conditions included myocardial infarction, atrial fibrillation, ventricular arrhythmia, 

congestive heart failure, hypertension, perivascular disease, kidney disease, 

depression, anxiety, alcoholism, and other psychotic disorders; concurrent use of 

medications such as angiotensin-converting enzyme inhibitors, angiotensin receptor 

blockers, beta blockers, calcium channel clockers, loop diuretics, statins, fibrate lipid 

lowering agents, antidepressants, and antipsychotics; health service utilization variables 

such as number of hospitalizations, number of prescription drugs, and number of 

physician office visits. Since age is the major risk factor for SSHL in adults, we adjusted 
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age as a time-dependent variable in the regression models. In the sensitivity analysis, to 

account for confounding by concomitant use of ototoxic drugs that might cause SSHL, 

we also adjusted time-dependent covariates for use of antidepressants, antipsychotics, 

loop diuretics, and anti-neoplastic. Risk factors which are not available in the 

MarketScan CCAE data and therefore not measureable, included smoking, body mass 

index (BMI), physical activity, occupational exposure to noise, and family history of 

hearing loss. 

Data Analyses 

We presented the distribution of demographic variables, clinical and drug 

utilization characteristics between users and nonusers of PDE5 inhibitors. We 

calculated crude incidence rates of SSHL and incidence rate differences (IRD) with 95% 

confidence intervals (CIs) assuming a binomial distribution. Cox proportional hazards 

(PH) models were used to estimate the hazards ratios (HR) between exposure groups. 

Cohort members were followed from the index date until they had the first SSHL 

diagnosis, or were censored because of loss of insurance coverage, turned 65 years 

old, or for reaching the end of the study period (December 31, 2007), whichever came 

first. The reference category for all hazards ratios was person-time with nonuse of 

PDE5 inhibitors. 

The Cox PH models contained PDE5 inhibitor exposure, the logit transformed 

propensity score (PS), and age (continuous) as a time-dependent variable. We used 

logistic regression to calculate the exposure propensity score.92,112 The propensity score 

is the estimated probability of initiating PDE5 inhibitor versus not initiating a PDE5 

inhibitor, based on observed patients‟ characteristics at baseline. We chose to adjust for 

exposure propensity score rather than to adjust for a large group of baseline covariates 
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across exposure groups because our outcome is a rare event relative to the number of 

covariates needed for adjustment in the model. Previous theoretical work and simulation 

studies suggest that PS methods can improve confounding control particularly when the 

outcome is rare.93,112 The use of PS matching, trimming (restriction), or inverse 

probability of treatment weighting (IPTW) have become popular tools in 

pharmacoepidemiology.92 All baseline confounders (demographics, diagnoses, 

pharmacy dispensing) described above were included in the propensity score model 

regardless of any significance threshold.113 Success in achieving balance of all 

covariates was assessed using by inverse propensity score weighing and calculation of 

the standardized mean difference.92 

As the association between the logit transformed propensity score and the 

outcome was assumed to be non-linear, we used a restricted cubic spline with 5 knots 

placed at the 5th, 25th, 50th, 75th, and 95th percentile to explore the shape of the logit 

transformed propensity score.114,115 The proportional hazards assumption was tested by 

plotting the Schoenfeld residual and parameter estimates against time, and by 

Kolmogorov supermen test, which showed there was no violation against this 

assumption (all p values >0.5).114,116 All analyses were conducted using SAS statistical 

package version 9.2 (SAS Institute).  

Sensitivity Analyses 

We performed a range of sensitivity analyses to explore the robustness of our 

findings. First, we explored the impact of different utilization patterns on the effect 

estimate by changing the assumed frequency of PDE5 inhibitor use to include the 

following scenarios: two PDE5 inhibitor doses each week, one PDE5 inhibitor dose 

every 14, 21, or 30 days. Second, we conducted a propensity score matched cohort 
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analysis. Propensity score matching methods have been used increasingly in the 

observational comparative effectiveness or safety study of medications. Some 

theoretical work in this field suggests that propensity score matching excels multivariate 

model based approaches when the treated and control groups have a fair amount of 

overlap, although matching has the limitation of reduced statistical power.92,117 We used 

an algorithm of greedy nearest neighbor matching without replacement within specified 

caliper widths (0.05) to form the matched pairs.118 Third, we defined individuals as new 

users of PDE5 inhibitors if they had a 12- (instead of 6-) month washout period before 

the index date without filling any PDE5 inhibitor prescription. Fourth, we considered a 

patient to be a true SSHL case if he had any evidence of being treated with oral steroids 

or intratympanic steroid injection within 30 days after SSHL diagnosis. By using specific 

treatment for SSHL, we expected an increase in specificity and predictive value of the 

case identification algorithm. Fifth, confounding by indication is a major threat to study 

validity in pharmacoepidemiology.119  In an attempt to address confounding by 

indication, we required all subjects in nonuse control and user groups to have a 

diagnosis of ED. By comparing ED patients with and without PDE5 inhibitor, we 

expected the baseline characteristics would be better balanced across exposure 

groups. Finally, we did a sensitivity analysis by adjusting for other time dependent 

variables for the following medication use during the study follow-up (antidepressants, 

antipsychotics, antineoplastics, and loop diuretics). 

Part 3: Comparative Safety of PDE5 Inhibitors and Risk of SSHL 

The three PDE5 inhibitors share the same mechanism of action, similar efficacy 

and safety profiles. However, tadalafil has a slower onset and longer duration of action, 

whereas sildenafil and vardenafil have similar half-life, onset and duration of action.7,120 
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These differences may affect patients‟ preference when choosing a PDE5 inhibitor, 

which in turn might produce imbalance in the underlying disease severity and the 

general risk profiles between initiators of different PDE5 inhibitors (i.e., confounding by 

severity of underlying illness). Without proper adjustment for the differences, the effect 

estimates from an observational comparative safety study may be biased.121  

Study Cohort and Design 

The study base population consisted of all male beneficiaries who initiated a 

PDE5 inhibitor therapy during December 2003 through November 2007. We chose a 

cohort incident user design to avoid underestimation of outcome events that occur soon 

after initiation of therapy, and to ensure that all baseline covariates collected at cohort 

entry were not affected by treatment itself. For the present study, several mutually 

exclusive sub-cohorts, each including only new users of a particular type of PDE5 

inhibitor identified based on their first PDE5 inhibitor prescribed during follow-up, were 

assembled. To ensure complete ascertainment of baseline comorbid conditions and 

prior drug use, we required that individuals be enrolled in both health plan and drug 

benefits program during 183 days before the PDE5 inhibitor initiation. We restricted the 

study cohort to include all male adults between 18-64 years at the time of their index 

PDE5 inhibitor prescription (index date). We did not require eligible adults to have a 

recorded diagnosis for ED because only 25% of new users of PDE5 inhibitor had one 

ED diagnostic claim prior to their treatment initiation. We excluded subjects with a 

diagnosis of malignant neoplasm, organ transplantation, bacterial meningitis, viral 

encephalitis, or use of aminoglycosides or cisplatin. We further excluded individuals 

who initiated sildenafil (Revatio®) for management of PAH because their PDE5 inhibitor 
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utilization pattern is expected to be quite different from that of ED patients. We found 

1,016 initiators of Revatio® who had an indication for PAH. 

Characterization of PDE5 Inhibitor Exposure 

Data on medication use was obtained from pharmacy dispensing records which 

include drug name, date of dispensing, quantity supplied, and dosage. The first new 

prescription filled for a PDE inhibitor agent by each individual determined his exposure 

group. Initiation was defined as filling a prescription for a PDE5 inhibitor medication 

without having filled one in the preceding 183 days (washout period). Subjects were 

allowed to enter the cohort only once, because prevalent users may be less susceptible 

to outcome due to „depletion of susceptibles‟.     

Because exact date and frequency of PDE5 inhibitor use for individuals was 

unknown using pharmacy dispensing data in claims, we imputed those data based on 

the pharmacy variables „date of dispensing‟ and „quantify supplied‟, plus our 

hypothesized frequency of use. For instance, in the primary analysis, we assumed that 

ED patients used one PDE5 inhibitor pill every week. Thus, for a patient who received 4 

pills, we computed his intended days of supply to be 28 days plus a 30-day grace period 

to refill his prescription. Thus, duration of use was estimated from the day after the 

dispensing though 30 days after the imputed days of supply. In the secondary analyses, 

we altered frequency of PDE5 inhibitor use to other pattern of use. 

If the patient received a new dispensing of the same medication before the 

imputed „days supplied‟ was exhausted, the excess supply was not carried over. If the 

patient was dispensed a different PDE5 inhibitor before the supply of the preceding drug 

had been exhausted, he was assumed to have switched therapy and his follow-up was 

terminated at the day of switching.     
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Study Endpoint 

As in Part 2, the outcome of interest for the comparative safety study was 

incident SNHL. The same computer case-definition was used to identify SSHL cases. In 

the secondary analysis, we further required that a confirmed case of SSHL had been 

treated with oral or intratympanic steroids within 30 days after diagnosis.  

Baseline covariates 

Baseline patient characteristics were defined using medical and pharmacy claims 

during the 183 days before the index date. These included demographic variables such 

as age, region, and type of health plan; health service utilization variables such as 

number of hospitalizations, number of prescription drugs, number of physician office 

visits; clinical conditions included myocardial infarction, atrial fibrillation, ventricular 

arrhythmia, congestive heart failure, hypertension, perivascular diseases, kidney 

diseases, depression, anxiety, alcoholism, and other psychotic disorders; and 

concurrent use of medications such as angiotensin-converting enzyme inhibitors, 

angiotensin receptor blockers, beta blockers, calcium channel clockers, loop diuretics, 

statins, fibrate lipid lowering agents, antidepressants, and antipsychotics. Since age is a 

major risk factor for SSHL in adults and follow-up could include several years, we 

adjusted age as a time-dependent variable in all regression models. No information was 

available on smoking, body mass index (BMI), physical activity, occupational exposure 

to noise, or family history of hearing loss.  

Data Analysis 

We followed each subject from the day following their treatment initiation (index 

date) until they experienced an outcome event, initiated another PDE5 inhibitor 

(„switching‟), or were censored because of loss of health plan coverage, turned 65 
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years, or for reaching the end of the study period (December 31, 2007), whichever 

came first.  

To control for confounding by indication, we used propensity score adjustment to 

balance baseline covariates for each comparison with sildenafil (common reference 

group). The propensity score adjustment was chosen in this study because our outcome 

was rare relative to the number of prognostic factors that needed to be controlled. We 

constructed two separate propensity score models using multivariate logistic regression. 

The first model predicted exposure to tadalafil versus sildenafil and the other predicted 

use of vardenafil versus sildenafil. We chose sildenafil as the reference group, because 

it was the most frequently used PDE5 inhibitor in this cohort. All baseline confounders 

(demographics, diagnoses, pharmacy dispensing) descried above were included in 

each propensity score model. Success in achieving balance on propensity score was 

assessed using the standardized mean difference.  

We compared the distribution of demographic variables, clinical and drug 

utilization characteristics among initiators of different PDE5 inhibitors. We computed 

crude incidence rates and incidence rate differences with 95% confidence intervals 

(CIs) in the three exposure categories. We used Cox proportional hazards models to 

estimate the hazard ratios comparing the risk for SSHL between exposure groups. 

Similar to Part 2, the final outcome models contained the PDE5 inhibitor exposures, 

logit transformed propensity score, and age (modeled as a continuous variable). We 

tested the proportional hazards assumption by including interaction terms between 

exposure and study time, and we found no violation of the proportionality assumption.   
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Sensitivity Analyses 

To test the robustness of our findings, we performed sensitivity analyses by 

altering the frequency of PDE5 inhibitor use. In addition to the primary analysis, we 

further tested the following patterns of PDE5 inhibitor use: two PDE5 inhibitor tablets 

per week, one PDE5 inhibitor every 14, 21, or 30 days. Due to the small number of 

SSHL cases identified in the primary analysis, we did not propose more extensive 

sensitivity analyses involving matching or other restrictions that would have resulted in 

further loss of sample size.   

Bias Related Issues 

During the study period, PDE5 inhibitors are approved only as on-demand 

therapy for the treatment of ED. This increases the opportunity for exposure 

misclassification in the study since claims data does not have information on when and 

how frequent patients are taking these drugs. Furthermore, similar to other 

nonrandomized studies, confounding is a major threat to the internal validity of the 

study. This section addresses several important types of bias that may be present in 

this study.  

Exposure misclassification.25,122,123 In pharmacoepidemiologic studies, 

computerized pharmacy dispensing records are often used as a proxy measure for 

actual drug exposure. Because drug dispensing directly affects reimbursement and 

claims are typically closely audited, drug data in claims is considered of high quality.119 

However, even for drugs that are used to treat a clinical condition, exposure 

misclassification can occur in studies using claims data either due to patients‟ non-

adherence to the treatment plan,119 free drug samples distributed by physicians,124 and 

drugs that are used intermittently (e.g., benzodiazepines for episodic anxiety).125 All 
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these potential mechanisms of exposure misclassification could be encountered in our 

PDE5 inhibitor safety study. In addition, because PDE5 inhibitors are lifestyle drugs, 

many insurance plans have restricted coverage policies to control cost associated with 

PDE5 inhibitor use,126,122 potentially resulting in out-of-pocket purchases not captured 

by claims data. For example, the BlueCross BlueShield insurance plan allows a quantity 

of 8 tablets per month for any combination of PDE5 inhibitors for ED patients.127 In UK, 

the NHS treatment guideline recommends that “one tablet per week” is considered to be 

appropriate for the majority of ED patients.128  

In the scenario where PDE5 inhibitors are taken as-needed, it is quite possible 

that patients would be considered exposed when they are actually not taking the drug. 

More likely, patients may use the remaining stock of pills for an extended period beyond 

the assumed end of the prescription. In that case, exposure would be overestimated in 

the period corresponding to the „estimated‟ duration of the prescription and 

underestimated after the end of the prescription when the subjects are considered to be 

unexposed. This bias would reduce the true difference between periods of exposure 

and non-expose and would underestimate any risk due to exposure, regardless of which 

specific exposure measure is assessed. We used a range of sensitivity analyses to 

explore the influence of different PDE5 inhibitor utilization patterns.    

 Outcome misclassification. Occurrence of SSHL is defined as ICD-9-CM 

codes 389.1x, 389.2x, and 388.2 at any diagnosis field in either outpatient or inpatient 

service files. In addition, diagnoses had to be accompanied by claims for audiometric 

testing within [-30,+30] days of SSHL diagnosis. The validity of this approach relies on 

the assumption that (a) all physicians use audiometric testing for diagnosis of hearing 



 

69 

loss, (b) audiometric testing is accurate, and (c) both diagnosis and procedure are 

reliably captured with claims data.  

SNHL, particularly sudden deafness, is a severe condition that often results in 

emergency care. However, many SNHL cases are reversible or symptoms may develop 

progressively. Hence, use of claims data to capture SNHL cases may lower the 

sensitivity of the approach compared to other survey-based methods, because patients 

may delay seeking care or recover spontaneously, resulting in no healthcare encounter 

or no audiometric confirmation. However, the positive predictive value (PPV) of our 

computer algorithm to detect SNHL might be relatively high, since we require evidence 

of both medical diagnosis and audiology testing that occurs within a short period of time. 

A high specificity will allow an unbiased estimation of relative risk, regardless of 

sensitivity of the outcome definition.129  

Confounding. ED and SNHL share many common risk factors, including age, 

vascular, neurologic conditions, and certain medication use. These variables are 

important confounders and need to be properly controlled in non-randomized studies in 

order to have unbiased estimates of the causal effect of treatment. Using multivariate 

adjustment that includes all measured confounders in a regression model is a classic 

approach to adjust for the confounding. Alternatively, the propensity score (PS) method 

has become an efficient way to adjust for confounding in nonrandomized studies.130 The 

propensity score is a summary score which can be used to balance covariates across 

treatment groups.112 The limitation of the PS method is that it cannot be used to control 

for confounders that are not measured in the database.92,130 In this study, we decided 

against PS matching in our primary analysis because the matching algorithms often 
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omit a significant amount of data, hence, reducing statistical power and 

generalizability.131  Previous studies suggest potential residual confounding when 

stratification of estimated PS is used to control for confounding.132       

Residual confounding due to unmeasured confounding factors. Using the 

diagnosis and prescription drug information collected in the MarketScan CCAE data, we 

control for a large number of confounders. Other confounding factors such as smoking, 

diet, and physical activity are not available in the CCAE data. These unmeasured 

confounders may bias the risk estimate either towards or away from the null. Without 

further external data on these unmeasured confounders, from at least a portion of the 

study participants, it is not possible to adjust for the unmeasured confounders in this 

study. Thus, we conducted sensitivity analysis to estimate the impact of unmeasured 

confounding.  
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Table 3-1.  Baseline covariates: socio-demographics  

Variable Names Notes 

Geographic region Northeast, North central, South, West, Unknown 
Type of health plan  Employer-based, large health plan 
Age, 1-year increment   
Calendar year 1998 - 2007  
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Table 3-2.  Baseline covariates: comorbid conditions  

Comorbidity  ICD-9-CM codes Notes 

Cardiovascular disease    
Hypertensive disease 401-405  
Ischemic heart disease   
     Myocardial infarction 410 Acute MI 
 412 Old MI 
     Other ischemic heart 

disease 
411 Other acute and sub-acute forms of 

ischemic heart disease 
      413 Angina pectoris 
     Coronary artery 

disease 
414 except 414.1 
and 414.3 

Other forms of chronic ischemic heart 
disease 

      429.2 Cardiovascular disease, unspecified 
Cardiac arrhythmia  426-427  
Congestive heart failure 428  
Peripheral vascular 
disease      

440 Atherosclerosis  

 441 Aortic aneurysm and dissection 
 442 Other aneurysm  
 443, except 443.0 Other peripheral vascular disease 
 447.1 Other disorder of arteries and arterioles 

stricture of artery 
Valvular disease  393-398, except 

for 398.91 
Rheumatic heart disease 

 424 Non-rheumatic valve 
Other cardiovascular 
disease  

745-746 Congenital heart diseases 

 747 Other congenital anomalies of CV 
system   

 425 Cardiomyopathy  
 420-422 End-, peri- and myocarditis 
 390-392 Rheumatic fever 
Cerebrovascular disease    
Cerebral hemorrhage  430 Subarachnoid hemorrhage 
 431 Intracerebral hemorrhage 
 432 Other and unspecified intracranial 

hemorrhage 
Ischemic event 433 Occlusion and stenosis of precerebral 

arteries  
 434 Occlusion of cerebral arteries  
TIA 435 Transient cerebral ischemia  
Other  436 Acute, but ill-defined, cerebrovascular 

disease 
 437 Other and ill-defined, cerebrovascular 

disease  
 438 Late effects of cerebrovascular disease 
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Table 3-2.  Continued  

Comorbidity  ICD-9-CM codes Notes 

Neurologic   
Multiple sclerosis 340  
Dementia 290, 291  
Seizure 345.8, 345.9, 

780.32, 780.39 
 

Other comorbidities   
Diabetes 250,  
 357.2  
 362.0  
 362.07  
HIV infection 042-044  
Prostate cancer 185, 233.4  
Morbid obesity  278.01  
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Table 3-3.  Baseline covariates: medications 

Medication  Notes 

Angiotensin-converting enzyme inhibitors  1+ fill for benazepril, captopril, enalapril, 
fosinopril, lisinopril, moexipril, perindopril, 
quinapril, ramipril, trandolapri 

Angiotensin receptor blockers 1+ fill for candesartan (atacand), 
eprostartan (teveten), irebsartan (avapro) 
losartan (cozaar), olmesartan (benicar), 
telmisartan (micardis), valsartan (diovan) 

Calcium channel-blockers 1+ fill for diltiazem HCL, diltiazem malate, 
mibefradil di-HCL, verapamil HCL, 
amlodipine besylate, bepridil HCL, 
felodipine, isradipine, nicardipine HCL, 
nifedipine, nimodipine, nisoldipine 

β-blockers 1+ fill for acebutolol HCL, atenolol, 
betaxolol HCL, bisoprolol fumarate, 
carteolol HCL, esmolol HCL, metoprolol 
succinate, metoprolol tartrate, nadolol, 
oxprenolol, penbutolol sulfate, pindolol, 
propranolol HCL, sotalol HCL, timolol 
maleate 

Diuretics 1+ fill for bendroflumethiazide, 
benzthiazide, chlorothiazide, 
chlorothiazide sodium, chlorthalidone, 
cyclothiazide, hydrochlorothiazide, 
hydroflumethiazide, indapamide, 
methyclothiazide, metolazone, 
polythiazide, quinethazone, 
trichlormethiazide 

Non-steroidal anti-inflammatory drugs 1+ fill for Ibuprofen, Diclofenac, Naproxen, 
Flurbiprofen, Ketoprofen, Ketorolac, 
Sulindac, Piroxicam, Oxaprozin, 
Nabumetone, Mefanamic acid, 
Meclofenamate, Fenoprofen, Diflunisal, 
Etodolac, Meloxicam, Tolmetin, 
Indomethacin 

Statin 1+ fill for atorvastatin, cerivastatin, 
fluvastatin, lovastatin, pravastatin, 
simvastatin, rosuvastatin 

Fibrate lipid lowering agents 1+ fill for Cholestyramine, Colestipol, 
Colesevelam, Bezafibrate, Fenofibrate, 
Ezetimibe, Gemfibrozil 
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Table 3-3.  continued 

Medication  Notes 

Benzodiazepines 1+ fill for Alprozolam, Chlordiazepoxide, 
Clonazepam, Clorazepate, Diazepam, 
Estazolam, Flurazepam, Halazepam, 
Lorazepam, Midazolam, Oxazepam, 
Quazepam, Temazepam,Trizolam, 
Buspirone, Zaleplon, Zolpidem 

Selective serotonin reuptake inhibitors 1+ fill for Paroxetine, Sertraline, 
Venlafaxine, Fluoxetine, Citalopram, 
Nefazodone, Mirtazapine, and 
Fluvoxamine 

Antipsychotics 1+ fill for Acetophenazine, 
Chlorpromazine, Fluphenazine decanoate, 
Fluphenazine hcl, Mesoridazine, 
Perphenazine, Prochlorperazine, 
Promazine, Thioridazine, Trifluoperazine, 
Triflupromazine, Chlorprothixene, 
Haloperidol, Haloperidol lactate, 
Haloperidol decanoate, Loxapine, 
Molindone, Pimozide, Thiothixene, 
Aripiprazole, Clozapine, Olanzapine, 
Quetiapine, Risperidone, Ziprasidone 

 
 
Table 3-4.  Baseline covariates: healthcare utilization during 6-months look-back period 

Health care utilization  

Number of hospitalization for any reason 
Number of emergency room visits 
Number of different medication classes filled 
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Table 3-5.  Summary of secondary analyses in Part 2  

 Sensitivity analyses Assumptions 

Analysis 1 Take 2 PDE5 inhibitor tablets every 7 days Change frequency of PDE5 inhibitor use 
Analysis 2 Take 1 PDE5 inhibitor tablet every 14 days Change frequency of PDE5 inhibitor use 
Analysis 3 Take 1 PDE5 inhibitor tablet every 21 days Change frequency of PDE5 inhibitor use 
Analysis 4 Take 1 PDE5 inhibitor tablet every 30 days Change frequency of PDE5 inhibitor use 
Analysis 5 Conduct a propensity score-matched cohort analysis PS matching eliminates a greater proportion of 

confounding by baseline covariates compared with 
other methods 

Analysis 6 Define new users of PDE5 inhibitors if they had 12 
months baseline period without filling any PDE5 
inhibitor prescriptions 

A longer look-back period may be necessary to 
define new user status for a drug that is used on-
demand 

Analysis 7 Require evidence of oral or intra-tympanic steroids 
treatment to define a SSHL case  

Further increase the predictive value of the 
algorithm for identifying SSHL in claims data by 
requiring evidence of treatment with steroids 
(oral/intra-tympanic injection) 

Analysis 8 Subgroup of patients with at least 1 ED diagnosis 
claim   

Control for confounding by indication by restricting to 
subjects with 1 ED diagnostic claim 

Analysis 9 Adjust for additional time-dependent covariates (use 
of anti-depressants, anti-hypertensive, anti-
psychotics, NSAIDs) 

Control for residual confounding by adjusting for 
other time-dependent covariates 
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Figure 3-1.  Study Flow Chart for Part 2 of the Thesis. Flow chart to illustrate how 
exposure categories are defined in primary and sensitivity analysis based on 
different assumptions of PDE5 inhibitor use. For the demonstration purpose, 
we assume an adult male patient filled 2 prescriptions for PDE5 inhibitors that 
are 3 months apart. Each prescription contains 4 PDE5 inhibitor pills. In the 
primary analysis, we assume the patient starts the treatment on the day of 
dispensing. He takes one pill per week for the next 4 weeks. In secondary 
analysis, we assume the patient takes the drug once per two weeks. „Current 
use‟ includes the time from the filling of the prescription through the end of the 
days of supply as determined by the number of tables filled and the patient‟s 
frequency of use allowing 30 additional days. „Recent use‟ is defined as use 
after the current use up to 365 days after the end of „current use‟ period as 
well as any gaps between „current use‟ periods. Nonuse is defined as no 
PDE5 inhibitor use in the past 365 day.  
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CHAPTER 4 
RESULTS 

Part 1: Patterns of PDE5 Inhibitor Use in a Commercially Insured Population 

Prevalence and Incidence of Diagnosed ED 

Table 4-1 presents the annual number of eligible patients who had at least one 

ED diagnosis claim (ICD-9-CM code „607.84‟ or „302.72‟) and the annual prevalence of 

ED in 1998-2007. We observed a small decreasing prevalence of ED between 1998 

and 2007 (Figure 4-1), the prevalence of ED was 16.2 (95% CI: 16.0-16.5) per 1,000 

subjects in 1998 and 13.3 (95% CI: 13.2-13.4) per 1,000 subjects in 2007 (Table 4-1). 

However, it was hard to depict an overall secular trend of increasing or decreasing 

prevalence from these data, because the estimates fluctuated from year to year, 

possibly because the study population has changed considerably. This could have 

changed the composition of patient population, as well as the types of health plan. In 

this study, prevalence of ED was higher as subjects became older, and this age 

distribution was consistent in all calendar years. Approximately, two-thirds of ED 

patients were identified with ICD-9-CM code „607.84‟ (ED with an organic origin), and 

the remaining by ICD-9-CM code „302.72‟ (ED with a psychological origin).  

Table 4-2 presents the number of incident ED cases, number of person-years 

and incidence rate of ED by calendar year and by age group. The annual incidence of 

ED increased from 9.2 cases per 1,000 person-years in 1999 to 12.3 cases per 1,000 

person-years in 2007. As we expected, the incidence of ED was higher with increasing 

age. Similar to the prevalence estimates, the annual incidence estimates also fluctuated 

from year to year which might have been affected by the significant changes in study 

population.  
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Prevalence and Incidence of PDE5 Inhibitor Use 

The annual prevalence of PDE5 inhibitor use in the study population increased 

from 16.4 (95% CI: 16.1-16.6) per 1,000 subjects in 1998 to 29.5 (95% CI: 29.4-29.6) 

per 1,000 subjects in 2007 (Figure 4-2). Within each calendar year, the proportion of 

patients receiving PDE5 inhibitor was relatively similar across age groups. The majority 

(>90%) of PDE5 inhibitor users were ≥40 years of age. The prevalence of PDE5 

inhibitor use was highest among subjects aged 60-64 years, but the most increase was 

seen in those patients aged 40-49 years (Table 4-3).   

Table 4-4 presents the number of incident PDE5 inhibitor users and incidence of 

PDE5 inhibitor use in 1999-2007. The annual incidence of PDE5 inhibitor use increased 

from 11.5 (95% CI: 11.2-11.7) per 1,000 person-years in 1999 to 18.6 (95% CI: 18.5-

18.8) per 1,000 person-years in 2007. Similar to the pattern seen in the prevalence of 

PDE5 inhibitor use, there was a monotonic increasing trend in the incidence of PDE5 

inhibitor use by age, suggesting that elder people were more likely to initiate PDE5 

inhibitor therapy. Men with the greatest percentage of increase from 1999 to 2007 were 

in the age group of 40-49 years (Table 4-4).  

Finally, the annual prevalence and incidence estimates went up and down from year 

to year. This may have been affected by the changes in health plan types and patient 

population over the study period.    

Longitudinal pattern of PDE5 inhibitor use 

For this analysis, we identified a total of 216,412 eligible subjects who initiated a 

PDE5 inhibitor during 1998-2007 and who had at least 6 months of continuous eligibility 

before and after the index prescription. Among this group, the majority (71.6%) received 

an initial PDE5 inhibitor prescription for sildenafil, 12.9% for vardenafil and 15.5% 
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received tadalafil. Most patients started with either a mediate or high dose of any of the 

three PDE5 inhibitors. Overall, about 60% of new users refilled their prescription at least 

once within the 6 months follow-up time, regardless of which PDE5 inhibitor medication 

they received initially and the dose of their initial prescription. During the 6-month follow-

up time, the average number of prescriptions dispensed per patient was 3.5, 3.3, and 

3.5 for those individuals who started on sildenafil, vardenafil, and tadalafil respectively 

(including the index prescription). The average number of pills dispensed was 23, 20, 

and 21 for subjects who started on sildenafil, vardenafil and tadalafil respectively, 

corresponding to an average of 3.8, 3.3, and 3.5 tablets per month. Neither the initial 

type of drug nor the initial dose had any appreciable impact on refill frequency or the 

average number of tablets dispensed (Table 4-5). 

Among patients who had filled at least two prescriptions (include the index 

prescription) during the 6-month follow-up time, 7%, 9%, and 7% of sildenafil, 

vardenafil, and tadalafil initiators changed their dose. As expected, most patients who 

changed their dose were on a low dose regimen at the beginning. To estimate the 

percent of patients who switched medication during the 6-month follow-up time, we 

further restricted the cohort to those who initiated a PDE5 inhibitor between 2004 and 

2007, when all three drugs were marketed. We found a very small percent of medication 

switching for all 3 PDE5 inhibitors in the study population (Table 4-5).  

Findings from the sensitivity analysis where the follow-up was expanded to 12 

months suggest a very similar utilization pattern (Table 4-6). The proportion of patients 

who refilled their prescription increased slightly to about 70% while the average number 

of pills per months decreased. 



 

81 

Part 2: PDE5 Inhibitor Use and Risk of SSHL (“Class Effect”) 

Cohort Selection  

We identified 611,016 subjects who filled at least one prescription for a PDE5 

inhibitor and 18,299,768 nonusers of PDE5 inhibitors between 1998 and 2007. After 

applying the inclusion and exclusion criteria, a total of 377,722 initiators of PDE5 

inhibitors and 1,957,233 nonusers formed the final study cohort (Figure 4-4). 

Patient Characteristics 

Table 4-7 describes demographic and clinical characteristics of the study 

cohorts. Of all new users of PDE5 inhibitors, 60% of patients received sildenafil. About 

20% each started on vardenafil and tadalafil. At the index date, the mean age was 52.9 

years (SD, 7.8) for new users of PDE5 inhibitor and 41.7 years (SD, 12.7) for nonusers. 

Most subjects resided in the North Central and South regions. Compared with nonusers, 

new users of PDE5 inhibitors were more likely to have a diagnosis of hypertension, 

diabetes mellitus, and hyperlipidemia, and to have used one or more cardiovascular 

drugs, suggesting an elevated risk of cardiovascular disease in this group. As one might 

expect, patients beginning to take PDE5 inhibitors were also more likely than nonusers 

to have a diagnosis of lower urinary tract syndrome (LUTS), prostate or bladder cancer 

during the baseline period. New users of PDE5 inhibitor were also more likely to have 

used statins and other lipid-lowering drugs, NSAIDS, anti-depressants, and anti-

psychotic medications in the 6 months period prior to the index date. There were no 

appreciable differences with respect to other comorbid conditions, coexisting 

medications, and health care utilization variables between PDE5 inhibitor user and 

nonuser groups (Table 4-7). 
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Risk of SSHL in Study Cohorts  

 (Table 4-8). After controlling for propensity score (logit transformed) and age, 

current use of PDE5 inhibitors was associated with an elevated risk of SSHL compared 

with nonuse of PDE5 inhibitors (HR=1.25, 95% CI, 1.01-1.55). The adjusted relative risk 

of SSHL comparing periods of recent use with nonuse was also elevated (HR=1.60, 

95% CI, 1.33-1.94). Compared to nonuse, current use of PDE5 inhibitors was 

associated with an excess risk of 1.97 (95% CI, 1.12-2.82) cases per 1,000 person-

years.   

According to published surveys, the majority of ED patients reports use of PDE5 

inhibitors at least once every 1-2 weeks.106-109 In the sensitivity analyses, we tested 

other assumptions with regard to the frequency of PDE5 inhibitor use, and we examined 

how these different patterns of use may change our effect estimates. When we 

assumed that patients used 2 PDE5 inhibitor tablets per week (i.e., use PDE5 inhibitor 

more frequently), we found no elevated risk for SSHL (HR=1.01, 95% CI, 0.77-1.34) 

comparing current use with nonuse. Interestingly, the HR was 1.66 (95% CI, 1.40-1.97) 

comparing recent use versus nonuse when patients took 2 PDE5 inhibitor pills per 

week. When we assumed that patients used one PDE5 inhibitor tablet every 14, 21, or 

30 days, the adjusted HR for current use increased while the HR for recent use 

decrease somewhat due to re-classification of cases to current or recent use (Table 4-

8).   

Results for the propensity-score matched cohort were similar to the primary 

analysis as were results for the expanded definition of SSHL requiring steroid 

administration. Although no treatment has been proved to be absolutely effective, oral 

systemic or topical steroids were the most popular treatment for SSHL in the US during 
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the study period.133 We conducted a sensitivity analysis by requiring SSHL cases to be 

treated with steroids in addition to those ICD-9-CM and CPT codes as required in the 

primary analysis (Table 4-8).  

We conducted two sensitivity analyses in which we altered methods to assemble 

the study cohorts. First, we defined new users of PDE5 inhibitor by requiring a 12-month 

look-back period prior to the index date without filling any PDE5 inhibitor. In this new 

cohort, the adjusted HR for current and recent use versus nonuse was 1.13 (0.92-1.39) 

and 1.20 (0.96-1.51), respectively. The confidence bounds were wider because of the 

smaller SSHL number of events and cohort size. Second, we required all patients 

(users and nonusers) to have at least one ED diagnosis with no specification for a 

temporal relationship between the ED diagnosis and PDE5 inhibitor initiation. The 

corresponding HR was 1.26 (0.82, 1.94) and 1.85 (1.26, 2.72) comparing current use 

and recent use with nonuse. Finally, addition of several prescription drugs that have 

been associated with SSHL in the Cox regression models as time-dependent variables 

did not alter the results meaningfully (Table 4-8).  

Overall, a small significantly increased risk of SSHL associated with current 

PDE5 inhibitor use was noted in most analyses performed (Figure 4-5). These analyses 

were based on an untestable assumption that subjects who took these medications 

used them intermittently. Given the fact that, on average, patients in the study refilled 

one prescription every 1.5-2 months for 4-6 pills of supply, the assumptions in the 

primary analysis are plausible.  
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Part 3: Comparative Safety of PDE5 Inhibitors and Risk of SSHL 

Cohort Selection  

Figure 4-6 illustrates our cohort selection process for the primary and secondary 

analyses. Of 611,016 new users of PDE5 inhibitors, 398,917 subjects had 6 months 

continuous health plan enrollment prior to the index date. 395,706 subjects were aged 

18-64 years and had access to full drug benefits programs. We excluded 17,984 

subjects whose first PDE5 inhibitor prescription was dispensed before December of 

2003 or who had other exclusion conditions including comorbidities and medication use 

at baseline. The final cohort consisted of 275,229 new users of PDE5 inhibitors, 

including 158,860 patients who started on sildenafil, 49,774 and 66,595 initiated 

vardenafil and tadalafil, respectively. No patients initiated more than one PDE5 inhibitor 

at the index date.  

Patient Characteristics 

The baseline characteristics of the cohorts are listed in Table 4-9 and Table 4-12. 

The mean age was 52.5 years (SD 8.0) in new users of sildenafil, 51.8 years (SD 8.3) in 

tadalafil new users, and 52.1 years (SD 8.2) in vardenafil new users. The baseline 

characteristics including health care utilization, comorbidities and use of other 

medications were similar in the three groups. Compared with sildenafil new users, new 

users of tadalafil and vardenafil were slightly more likely to initiate their treatment in 

2006 and 2007 and to have a diagnosis of hyperlipidemia, diabetes, or prostate cancer. 

Tadalafil users were also more likely to have a history of hypertension and lower urinary 

tract syndrome (LUTS) compared with new users of sildenafil. The inverse probability 

weighted IPTW weighted estimates demonstrate that baseline characteristics were 

adequately balanced. 
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Risk of SSHL in Study Cohorts  

Only 61 incident cases of SSHL were observed during the follow-up time. The 

crude incidence rate (IR) of SSHL in sildenafil, tadalafil and vardenafil users was 4.45, 

3.62, and 3.69 SSHL per 1,000 person-years respectively (Table 4-10, Table 4-12).   

In the primary analysis (where we assumed patients used 1 PDE5 inhibitor dose 

per week), tadalafil users were not at a significantly higher or lower risk of SSHL 

compared with sildenafil users (HR=0.80, 95% CI, 0.42-1.51). The absolute difference in 

the IR between tadalafil and sildenafil users was also not significant (IRD=-0.82, 95% 

CI, -3.27-1.60). Similarly, vardenafil use was not associated with a significantly higher or 

lower risk of SSHL (HR=1.02, 95% CI, 0.51-2.02; IRD=0.25, 95% CI, -2.90-3.34) 

compared with sildenafil use. However, owing to the wide confidence interval and 

relatively small number of SSHL events included in these analyses, we cannot rule out 

a significant result for any of these pairwise comparisons. We did a number of sensitivity 

analyses by assigning different PDE5 inhibitor use frequencies to these patients but 

results were not meaningfully different from the primary analysis.   

Overall, no significant differences were observed between the three PDE5 

inhibitors (Table 4-11, Table 4-14), although the wide confidence intervals limited formal 

inferences due to low statistical power.    
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Table 4-1.  Prevalence of erectile dysfunction  

Year  No. of ED cases† No. of eligible 
subjects‡ 

Prevalence rate  
(per 1,000 subjects) 

1998 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
16,510 
232 
954 
3,658 
7,996 
3,670 

 
1,018,483 
191,939 
222,766 
276,873 
248,160 
78,745 

 
16.2 (16.0-16.5) 
1.2 (1.1-1.4)  
4.3 (4.0-4.6) 
13.2 (12.8-13.6) 
32.2 (31.5-32.9) 
46.6 (45.1-48.1) 

1999 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
13,097 
246 
892 
3,086 
6,058 
2,815 

 
1,046,789 
198,061 
219,054 
275,441 
263,866 
90,367 

 
12.5 (12.3-12.7) 
1.2 (1.1-1.4) 
4.1 (3.8-4.3) 
11.2 (10.8-11.6) 
23.0 (22.4-23.5) 
31.2 (30.0-32.3) 

2000 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
14,954 
314 
1,215 
3,637 
6,844 
2,944 

 
1,112,394 
215,696 
234,341 
289,537 
279,173 
93,647 

 
13.4 (13.2-13.7) 
1.5 (1.3-1.6) 
5.2 (4.9-5.5) 
12.6 (12.2-13.0) 
24.5 (23.9-25.1) 
31.4 (30.3-32.6) 

2001 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
21,821 
481 
1,615 
5,152 
10,330 
4,243 

 
1,780,168 
350,157 
334,989 
448,415 
482,635 
163,972 

 
12.3 (12.1-12.4) 
1.4 (1.3-1.5) 
4.8 (4.6-5.1) 
11.5 (11.2-11.8) 
21.4 (21.0-21.8) 
25.9 (25.1-26.7) 

2002 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
33,137 
902 
3,181 
8,137 
14,965 
5,952 

 
3,247,722 
668,529 
685,198 
817,732 
809,175 
267,088 

 
10.2 (10.1-10.3) 
1.3 (1.3-1.4) 
4.6 (4.5-4.8) 
10.0 (9.7-10.2) 
18.5 (18.2-18.8) 
22.3 (21.7-22.9) 

† ED case is defined by presence of at least one medical claim for ED (ICD9-CM code: 607.84 or 302.72) 
‡ Eligible patients were between 18-64 years old and had ≥6 months continuous enrollment in a given 
calendar year  
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Table 4-1.  Continued 

Year  No. of ED cases† No. of eligible 
subjects‡ 

Prevalence rate  
(per 1,000 subjects) 

2003 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
52,987 
1,600 
5,445 
13,866 
22,853 
9,223 

 
4,980,488 
1,011,624 
1,084,239 
1,297,126 
1,195,267 
392,232 

 
10.6 (10.5-10.7) 
1.6 (1.5-1.7) 
5.0 (4.9-5.2) 
10.7 (10.5-10.9) 
19.1 (18.9-19.4) 
23.5 (23.0-24.0) 

2004 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
54,728 
1,674 
5,559 
14,334 
23,256 
9,950 

 
5,111,258 
1,031,461 
1,085,710 
1,332,458 
1,238,949 
422,707 

 
10.7 (10.6-10.8) 
1.6 (1.5-1.7) 
5.1 (5.0-5.3) 
10.8 (10.6-10.9) 
18.8 (18.5-19.0) 
23.4 (23.0-23.9) 

2005 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
52,019 
1,593 
5,377 
13,435 
22,059 
9,555 

 
4,989,636 
1,009,138 
1,055,647 
1,285,515 
1,216,826 
422,510 

 
10.4 (10.3-10.5) 
1.6 (1.5-1.7) 
5.1 (5.0-5.2) 
10.5 (10.3-10.6) 
18.1 (17.9-18.4) 
22.6 (22.2-23.1) 

2006 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
54,066 
1,726 
5,795 
14,117 
22,823 
9,605 

 
4,630,321 
911,795 
951,845 
1,192,046 
1,171,756 
402,879 

 
11.7 (11.6-11.8) 
1.9 (1.8-2.0) 
6.1 (5.9-6.2) 
11.8 (11.6-12.0) 
19.5 (19.2-19.7) 
23.8 (23.4-24.3) 

2007 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
109,830 
3,485 
11,597 
28,778 
46,527 
19,443 

 
8,277,197 
1,740,566 
1,729,700 
2,100,870 
2,027,273 
678,788 

 
13.3 (13.2-13.4) 
2.0 (1.9-2.1) 
6.7 (6.6-6.8) 
13.7 (13.5-13.9) 
23.0 (22.7-23.2) 
28.6 (28.2-29.0) 

† ED case is defined by presence of at least one medical claim for ED (ICD9-CM code: 607.84 or 302.72) 
‡ Eligible patients were between 18-64 years old and had ≥6 months continuous enrollment in a given 
calendar year 
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Table 4-2.  Incidence of erectile dysfunction 

Year  No. of incident ED 
cases†,§ 

No. of person-
years‡ 

Incidence rate  
(per 1,000 person-years) 

1999 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
5,879 
109 
408 
1,548 
2,661 
1,153 

 
636,700 
102,397 
128,392 
180,447 
171,302 
54,162 

 
9.2 (9.0-9.5) 
1.1 (0.9-1.3) 
3.2 (2.9-3.5) 
8.6 (8.2-9.0) 
15.5 (14.9-16.1) 
21.3 (20.1-22.5) 

2000 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
9,304 
151 
717 
2,325 
4,351 
1,760 

 
770,125 
122,288 
149,749 
211,239 
216,229 
70,640 

 
12.1 (11.8-12.3) 
1.2 (1.0-1.4) 
4.8 (4.4-5.1) 
11.0 (10.6-11.5) 
20.1 (19.5-20.7) 
24.9 (23.7-26.1) 

2001 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
8,797 
179 
697 
2,214 
4,035 
1,672 

 
788,699 
126,836 
152,370 
212,594 
222,577 
74,312 

 
11.2 (10.9-11.4) 
1.4 (1.2-1.6) 
4.6 (4.2-4.9) 
10.4 (10.0-10.8) 
18.1 (17.6-18.7) 
22.5 (21.4-23.6) 

2002 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
14,093 
287 
1,112 
3,279 
6,648 
2,767 

 
1,317,988 
209,539 
227,753 
342,257 
399,194 
139,244 

 
10.7 (10.5-10.9) 
1.4 (1.2-1.5) 
4.9 (4.6-5.2) 
9.6 (9.3-9.9) 
16.7 (16.3-17.1) 
19.9 (19.1-20.6) 

2003 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
24,097 
525 
2,065 
5,913 
10,895 
4,699 

 
2,287,131 
388,990 
443,855 
594,218 
635,864 
224,203 

 
10.5 (10.4-10.7) 
1.3 (1.2-1.5) 
4.7 (4.5-4.9) 
10.0 (9.7-10.2) 
17.1 (16.8-17.5) 
21.0 (20.4-21.6) 

† ED case is defined by presence of at least one medical claim for ED (ICD9-CM code: 607.84 or 302.72) 
‡ Eligible patients were 18-64 years old who were eligible in January of the measurement year and who 
had 12 months continuous enrollment in the previous year without a diagnosis of ED 
§ Incident ED case is defined as an ED patient whose first diagnosis of ED in a year is preceded by at 
least 12 months continuous enrollment without a diagnosis for ED 

 
 
 
 



 

89 

Table 4-2.  Continued 

Year  No. of incident ED 
cases†,§ 

No. of person-
years‡ 

Incidence rate  
(per 1,000 person-years) 

2004 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
32,136 
820 
3,017 
8,113 
13,977 
6,209 

 
3,308,968 
559,486 
654,436 
890,280 
891,192 
313,575 

 
9.7 (9.6-9.8) 
1.5 (1.4-1.6) 
4.6 (4.4-4.8) 
9.1 (8.9-9.3) 
15.7 (15.4-15.9) 
19.8 (19.3-20.3) 

2005 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
32,446 
791 
2,997 
8,277 
14,140 
6,241 

 
3,345,550 
554,121 
649,714 
899,288 
918,386 
324,041 

 
9.7 (9.6-9.8) 
1.4 (1.3-1.5) 
4.6 (4.4-4.8) 
9.2 (9.0-9.4) 
15.4 (15.1-15.7) 
19.3 (18.8-19.7) 

2006 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
30,368 
746 
2,985 
7,885 
13,194 
5,558 

 
2,697,045 
434, 872 
520,193 
713,559 
759,937 
268,489 

 
11.3 (11.1-11.4) 
1.7 (1.6-1.8) 
5.7 (5.5-5.9) 
11.1 (10.8-11.3) 
17.4 (17.1-17.7) 
20.7 (20.2-21.2) 

2007 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
30,583 
710 
2,828 
7,721 
13,353 
5,971 

 
2,481,051 
403,278 
470,314 
649,679 
700,113 
257,667 

 
12.3 (12.2-12.5) 
1.8 (1.6-1.9) 
6.0 (5.8-6.2) 
11.9 (11.6-12.1) 
19.1 (18.7-19.4) 
23.2 (22.6-23.8) 

† ED case is defined by presence of at least one medical claim for ED (ICD9-CM code: 607.84 or 302.72) 
‡ Eligible patients were 18-64 years old who were eligible in January of the measurement year and who 
had 12 months continuous enrollment in the previous year without a diagnosis of ED  
§ Incident ED case is defined as an ED patient whose first diagnosis of ED in a year is preceded by at 
least 12 months continuous enrollment without a diagnosis for ED   
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Table 4-3.  Prevalence of PDE5 inhibitor use  

Calendar year No. of 
PDE5 inhibitor 
users† 

No. of eligible 
subjects† 

Prevalence 
(per 1,000 subjects) 

1998 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
16,672 
115 
639 
3,080 
8,279 
4,559 

 
1,018,483 
191,939 
222,766 
276,873 
248,160 
78,745 

 
16.4 (16.1-16.6) 
0.6 (0.5-0.7) 
2.9 (2.7-3.1) 
11.1 (10.7-11.5) 
33.4 (32.7-34.1) 
57.9 (56.3-59.5) 

1999 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
20,440 
140 
782 
3,900 
10,354 
5,264 

 
1,046,789 
198,061 
219,054 
275,441 
263,866 
90,367 

 
19.5 (19.3-19.8) 
0.7 (0.6-0.8) 
3.6 (3.3-3.8) 
14.2 (13.7-14.6) 
39.2 (38.5-40.0) 
58.3 (56.7-59.8) 

2000 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
26,055 
192 
1,195 
5,227 
13,277 
6,164 

 
1,112,394 
215,696 
234,341 
289,537 
279,173 
93,647 

 
23.4 (23.1-23.7) 
0.9 (0.8-1.0) 
5.1 (4.8-5.4) 
18.1 (17.6-18.5) 
47.6 (46.8-48.4) 
65.8 (64.2-67.4) 

2001 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
71,359 
418 
2,568 
14,806 
37,480 
16,087 

 
1,780,168 
350,157 
334,989 
448,415 
482,635 
163,972 

 
40.1 (39.8-40.4) 
1.2 (1.1-1.3)  
7.7 (7.4-8.0) 
33.0 (32.5-33.5) 
77.7 (76.9-78.4) 
98.1 (96.7-99.6) 

2002 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
115,763 
798 
5,166 
24,557 
60,055 
25,187 

 
3,247,722 
668,529 
685,198 
817,732 
809,175 
267,088 

 
35.6 (35.4-35.8) 
1.2 (1.1-1.3) 
7.5 (7.3-7.7) 
30.0 (29.7-30.4) 
74.2 (73.6-74.8) 
94.3 (93.2-95.4) 

† In each measurement year, eligible subjects had to have at least 6 months continuous enrollment in 
health plan that contributed data to the MarketScan CCAE database and were between 18-64 years at 
the beginning of that year. 
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Table 4-3.  Continued  

Calendar year  No. of user of   
PDE5 inhibitor† 

No. of eligible 
subjects† 

Prevalence rate  
(per 1,000 subjects) 

2003 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
151,287 
1,229 
7,556 
32,794 
76,900 
32,808 

 
4,980,488 
1,011,624 
1,084,239 
1,297,126 
1,195,267 
392,232 

 
30.4 (30.2-30.5) 
1.2 (1.1-1.3) 
7.0 (6.8-7.1) 
25.3 (25.0-25.6) 
64.3 (63.9-64.8) 
83.6 (82.8-84.5) 

2004 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
159,867 
1,276 
8,105 
34,568 
79,660 
36,258 

 
5,111,258 
1,031,461 
1,085,710 
1,332,458 
1,238,949 
422,707 

 
31.3 (31.1-31.4) 
1.2 (1.1-1.3) 
7.5 (7.3-7.6) 
25.9 (25.7-26.2) 
64.3 (63.9-64.7) 
85.8 (84.9-86.6) 

2005 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
161,296 
1,309 
8,520 
34,993 
79,879 
36,595 

 
4,989,636 
1,009,138 
1,055,647 
1,285,515 
1,216,826 
422,510 

 
32.3 (32.2-32.5) 
1.3 (1.2-1.4) 
8.1 (7.9-8.2) 
27.2 (26.9-27.5) 
65.6 (65.2-66.1) 
86.6 (85.8-87.4) 

2006 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
192,754 
1,639 
10,945 
42,768 
95,885 
41,516 

 
4,630,321 
911,795 
951,845 
1,192,046 
1,171,756 
402,879 

 
41.6 (41.4-41.8) 
1.8 (1.7-1.9) 
11.5 (11.3-11.7) 
35.9 (35.5-36.2) 
81.8 (81.3-82.3) 
103.1 (102.1-103.9) 

2007 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
244,622 
2,417 
15,049 
56,257 
118,831 
52,068 

 
8,277,197 
1,740,566 
1,729,700 
2,100,870 
2,027,273 
678,788 

 
29.5 (29.4-29.6) 
1.4 (1.3-1.5) 
8.7 (8.5-8.8) 
26.8 (26.5-27.0) 
58.6 (58.3-58.9) 
76.7 (76.0-77.3) 

† In each measurement year, eligible subjects had to have at least 6 months continuous enrollment in 
health plan that contributed data to the MarketScan CCAE database and were between 18-64 years at 
the beginning of that year. 
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Table 4-4.  Incidence of PDE5 inhibitor use 

Calendar year  No. of new PDE5 
inhibitor users† 

No. of person-
years‡ 

Incidence rate 
(per 1,000 person-years) 

1999 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
7,336 
46 
345 
1,595 
3,697 
1,653 

 
639,193 
102,501 
128,745 
181,514 
172,310 
54,122 

 
11.5 (11.2-11.7) 
0.4 (0.3-0.6) 
2.7 (2.4-3.0) 
8.8 (8.4-9.2) 
21.5 (20.8-22.1) 
30.5 (29.1-32.0) 

2000 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
9,933 
59 
471 
2,099 
5,056 
2,248 

 
768,636 
122,415 
150,185 
211,813 
214,716 
69,498 

 
12.9 (12.7-13.2) 
0.5 (0.4-0.6) 
3.1 (2.9-3.4) 
9.9 (9.5-10.3) 
23.5 (22.9-24.2) 
32.3 (31.0-33.7) 

2001 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
10,670 
98 
585 
2,431 
5,235 
2,321 

 
784,445 
126,981 
152,763 
212,752 
219,581 
72,369 

 
13.6 (13.3-13.9) 
0.8 (0.6-0.9) 
3.8 (3.5-4.1) 
11.4 (11.0-11.9) 
23.8 (23.2-24.5) 
32.1 (30.8-33.4) 

2002 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
30,998 
225 
1,413 
6,864 
15,968 
6,528 

 
1,283,905 
209,718 
227,722 
337,088 
379,516 
129,861 

 
24.1 (23.9-24.4) 
1.1 (0.9-1.2) 
6.2 (5.9-6.5) 
20.4 (19.9-20.8) 
42.1 (41.4-42.7) 
50.3 (49.0-51.5) 

2003 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
38,037 
395 
2,247 
8,764 
18,606 
8,025 

 
2,232,992 
389,309 
443,808 
585,970 
604,989 
208,916 

 
17.0 (16.9-17.2) 
1.0 (0.9-1.1) 
5.1 (4.9-5.3) 
15.0 (14.6-15.3) 
30.8 (30.3-31.2) 
38.4 (37.6-39.3) 

† In each calendar year, eligible subjects included males 18-64 years who had to have at least 6 months 
continuous enrollment in health plan that contributed data to MarketScan CCAE database and were 
eligible in January of the measurement year.  
‡ Subjects were defined as new users of PDE5 inhibitors in Year X, if they had not filled any PDE5 
inhibitor prescriptions in 12 months preceding their first PDE5 inhibitor prescription in Year X.  
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Table 4-4.  Continued 

Calendar year  No. of new users of 
PDE5 inhibitor† 

No. of person-
years‡ 

Incidence rate 
(per 1,000 person-years) 

2004 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
45,942 
487 
2,822 
10,739 
22,123 
9,771 

 
3,247,814 
560,079 
654,694 
881,740 
855,984 
295,316 

 
14.1 (14.0-14.3) 
0.9 (0.8-1.0) 
4.3 (4.2-4.5) 
12.2 (11.9-12.4) 
25.8 (25.5-26.2) 
33.1 (32.4-33.7) 

2005 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
44,063 
495 
2,863 
10,657 
21,044 
9,004 

 
3,278,130 
554,702 
649,714 
889,301 
880,155 
304,258 

 
13.4 (13.3-13.6) 
0.9 (0.8-1.0) 
4.4 (4.2-4.6) 
12.0 (11.8-12.2) 
23.9 (23.6-24.2) 
29.6 (29.0-30.2) 

2006 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
48,646 
528 
3,333 
11,852 
23,245 
9,688 

 
2,626,446 
435,284 
519,595 
702,221 
720,286 
249,060 

 
18.5 (18.4-18.7) 
1.2 (1.1-1.3) 
6.4 (6.2-6.6) 
16.9 (16.6-17.2) 
32.3 (31.9-32.7) 
38.9 (38.1-39.7) 

2007 
     Overall  
     18-29 years 
     30-39 years 
     40-49 years 
     50-59 years 
     60-64 years 

 
44,978 
554 
3,073 
10,685 
21,284 
9,382 

 
2,413,692 
403,582 
469,412 
638,040 
663,084 
239,572 

 
18.6 (18.5-18.8) 
1.4 (1.3-1.5) 
6.5 (6.3-6.8) 
16.7 (16.4-17.1) 
32.1 (31.7-32.5) 
39.2 (38.4-40.0) 

† In each calendar year, eligible subjects included males 18-64 years who had to have at least 6 months 
continuous enrollment in health plan that contributed data to MarketScan CCAE database and were 
eligible in January of the measurement year.  
‡ Subjects were defined as new users of PDE5 inhibitors in Year X, if they had not filled any PDE5 
inhibitor prescriptions in 12 months preceding their first PDE5 inhibitor prescription in Year X.  
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Table 4-5.  PDE5 inhibitor utilization pattern during 6 months after initiation 

Original 
treatment  

No. of 
patients 
 

Percent 
patients 
with  
refills 

Number of 
refills 
among 
subjects 
with >1 
PDE5 
dispensing* 

Total 
number 
of 
tablets 

Subjects 
who 
switched to 
another 
PDE5** 
n, (%) 

Subjects 
who 
changed 
dose n, 
(%) 

Sildenafil  154,962 61 3.5 23 4 7 
     25mg 2,297 59 3.4 29 4 19 
     50mg 78,715 61 3.5 23 4 9 
     100mg 73,950 61 3.5 22 4 4 
Vardenafil  27,908 59 3.3 20 6 9 
     5mg 373 51 3.3 19 5 16 
     10mg 11,058 59 3.4 20 6 12 
     20mg 16,477 59 3.3 19 6 7 
Tadalafil  33,592 64 3.5 21 5 7 
     5mg 210 61 3.5 20 8 24 
     10mg 7,676 62 3.4 21 6 12 
     20mg 25,706 65 3.5 21 5 5 
For new users of PDE5 inhibitors who had 6 months continuous enrollment after their index PDE5 
inhibitor dispensing 
* Includes the index PDE5 inhibitor dispensing 
** Data collected between 2004 and 2007 when all 3 PDE5 inhibitors were available  
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Table 4-6.  Prescription pattern during 12 months after PDE5 inhibitor initiation  

Original 
treatment  

No. of 
patients 
 

Percent 
patients 
with  
refills 

Number of 
refills 
among 
subjects 
with >1 
PDE5 
dispensing* 

Total 
number 
of 
tablets 

Subjects 
who 
switched to 
another 
PDE5** 
n, (%) 

Subjects 
who 
changed 
dose n, 
(%) 

Sildenafil  129,990 71 5.0 36 9 13 
     25mg 1,892 67 5.1 46 8 31 
     50mg 66,823 72 4.9 36 7 16 
     100mg 61,275 71 5.0 34 11 9 
Vardenafil  21,107 67 4.9 31 11 16 
     5mg 299 62 4.3 28 10 25 
     10mg 8,891 68 4.8 32 11 20 
     20mg 11,917 67 4.9 30 12 13 
Tadalafil  24,81 73 5.1 34 9 12 
     5mg 143 73 5.0 33 13 34 
     10mg 5,688 71 5.0 33 9 21 
     20mg 18,650 74 5.1 34 8 10 
For new users of PDE5 inhibitors who had 12 months continuous enrollment after their index PDE5 
inhibitor dispensing 
* Include the index PDE5 inhibitor prescription 
** Date collected between 2004 and 2007 when all 3 PDE5 inhibitors were available  
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Table 4-7.  Baseline characteristics of cohort members 

Characteristic Original cohort Cohort matched by 
propensity score 

PDE5 
inhibitor 
nonusers 

PDE5 
inhibitor 
new users 

PDE5 
inhibitor 
nonusers 

PDE5 
inhibitor new 
users 

n 1,957,233 377,722 302,067 302,067 
Age, years, mean ± SD 41.7±12.7 52.9±7.8 52.9±7.9 52.4±7.9 
Age (%)     
     18-39 43.6 7.4 7.3 7.5 
     40-54 37.7 45.9 46.1 46.3 
     55-64 18.7 46.7 46.6 46.2 
Health plan type (%)     
     Employer-based 76.8 88.4 86.9 87.7 
     Large health plan 23.2 11.8 13.1 12.3 
Region (%)     
     Northeast 11.4 10.2 10.8 10.5 
     North Central 26.2 34.9 31.8 33.6 
     South 39.0 36.6 38.1 37.1 
     West 22.3 17.3 18.4 17.9 
     Unknown 1.1 1.0 0.9 0.9 
Year of index date (%)     
     1998 0.9 0.8 0.6 0.8 
     1999 3.3 2.1 2.4 2.0 
     2000 3.7 2.7 3.0 2.7 
     2001 5.0 5.0 4.8 5.0 
     2002 8.9 10.3 9.0 10.4 
     2003 13.9 13.1 12.9 13.3 
     2004 17.1 15.1 16.5 15.0 
     2005 17.0 15.0 16.3 15.7 
     2006 14.3 16.9 16.2 16.8 
     2007 15.7 19.1 18.8 18.8 
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Table 4-7.  Continued 

Characteristic Original cohort Cohort matched for 
propensity score 

PDE5 
inhibitor 
nonusers 

PDE5 
inhibitor 
new users 

PDE5 
inhibitor 
nonusers 

PDE5 
inhibitor new 
users 

Comorbid conditions (%)     
     Myocardial infarction  0.5 1.1 1.2 1.1 
     Atrial fibrillation 0.4 1.1 1.1 1.0 
     Ventricular arrhythmias 0.2 0.4 0.4 0.4 
     Congestive heart failure   0.3 0.7 0.8 0.7 
     Hypertension 9.3 26.9 25.6 24.7 
     Cerebrovascular disease 2.2 6.0 6.1 5.7 
     Peripheral vascular disease  0.2 0.6 0.5 0.5 
     Hyperlipidemia  10.0 26.3 26.0 24.4 
     Alcoholism  0.2 0.6 0.5 0.5 
     Smoking  0.4 0.9 0.8 0.8 
     Diabetes mellitus  4.5 15.4 13.6 13.8 
     Recorded obesity 0.4 0.8 0.8 0.7 
     Depression 2.2 4.9 4.4 4.3 
     Anxiety  1.0 1.8 1.8 1.6 
     Chronic kidney disease 0.3 0.7 0.7 0.7 
     Prostate cancer  0.4 3.6 1.5 2.2 
     Bladder cancer 0.1 0.2 0.2 0.2 
     Lower urinary tract syndrome  1.8 7.9 5.7 6.2 
     Erectile dysfunction 0.4 9.1 1.4 2.6 
Co-medications (%)     
     Angiotensin-converting   
     enzyme inhibitors 

6.4 18.6 17.9 17.4 

     Angiotensin receptor  
     blockers 

1.8 5.6 5.1 5.0 

     Beta blockers 5.6 13.9 13.4 14.3 
     Calcium channel blockers 4.4 13.5 12.6 12.4 
     Diuretics  5.9 18.2 17.1 16.7 
     Statins  9.9 29.0 28.3 27.1 
     Other lipid lowering drugs 2.9 8.6 8.2 8.0 
     Benzodiazepines 3.5 9.9 8.8 8.8 
     SSRI 4.0 8.7 8.6 8.1 
     Anti-psychotics  0.6 1.2 1.1 1.1 
     Non-steroidal anti- 
     inflammatory drugs 

9.0 19.9 18.9 18.3 

     Flu vaccination 2.1 5.1 4.9 4.7 
     Pneumococcal vaccination 0.3 0.9 0.8 0.8 
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Table 4-7.  Continued 

Characteristic Original cohort Cohort matched for 
propensity score 

PDE5 
inhibitor 
nonusers 

PDE5 
inhibitor 
new users 

PDE5 
inhibitor 
nonusers 

PDE5 
inhibitor new 
users 

Health service utilization (%)     
     Number of outpatient visits 1.2±1.9 2.6±2.6 2.4±2.6 2.3±2.3 
     Number of emergency          
     department visits 

0.1±0.3 0.1±0.4 0.1±0.3 0.1±0.4 

     Number of hospitalization 0.02±0.13 0.04±0.20 0.04±0.2 0.04±0.2 
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Table 4-8.  HRs for the association between PDE5 inhibitor use and risk of SSHL 

 No use Current use Recent use 

Primary analysis  
No. of events 994 104 135 
Person years 4,171,208 239,001 242,056 
Incidence rate¶ 2.38 4.35 5.58 
HR (95% CI) Reference  1.25 (1.01, 1.55) 1.60 (1.33, 1.94) 
IRD¶ (95% CI) Reference  1.97 (1.12, 2.82) 3.19 (2.24, 4.14) 
Sensitivity analysis 1 (2 PDE5 inhibitors per week) 
No. of events 997 56 180 
Person years 4,180,901 158,547 312,563 
Incidence rate¶ 2.38 3.53 5.76 
HR (95% CI) Reference  1.01 (0.77, 1.34) 1.66 (1.40, 1.97) 
IRD¶ (95% CI) Reference  1.15 (0.21, 2.08) 3.37 (2.52, 4.23) 
Sensitivity analysis 2 (take 1 PDE5 inhibitor every 14 days) 
No. of events 991 141 101 
Person years 4,154,314 324,568 173,129 
Incidence rate¶ 2.38 4.34 5.83 
HR (95% CI) Reference  1.24 (1.02, 1.50) 1.66 (1.34, 2.06) 
IRD¶ (95% CI) Reference  1.96 (1.23, 2.69) 3.45 (2.30, 4.60) 
Sensitivity analysis 3 (take 1 PDE5 inhibitor every 21 days) 
No. of events 988 179 66 
Person years 4,139,987 372,119 139, 069 
Incidence rate¶ 2.39 4.81 4.75 
HR (95% CI) Reference  1.37 (1.15, 1.63) 1.33 (1.03, 1.73) 
IRD¶ (95% CI) Reference  2.42 (1.70, 3.14) 2.36 (2.20, 3.51) 
Sensitivity analysis 4 (take 1 PDE5 inhibitor every 30 days) 
No. of events 985 198 50 
Person years 4,124,917 413,627 113,467 
Incidence rate¶ 2.39 4.79 4.41 
HR (95% CI) Reference  1.35 (1.14, 1.60) 1.24 (0.92, 1.66) 
IRD¶ (95% CI) Reference  2.40 (1.72, 3.08) 2.02 (0.79, 3.25) 
Sensitivity analysis 5 (propensity score-matched analysis) 
No. of events 249 88 112 
Person years 1,042,802 203,151 209,748 
Incidence rate¶ 2.39 4.33 5.34 
HR (95% CI) Reference  1.38 (1.07, 1.74) 1.58 (1.18, 1.95) 
IRD¶ (95% CI) Reference  1.94 (1.36, 2.92) 2.95 (2.04, 3.87) 
CI, confidence interval; HR, hazard ratio; IRD, incidence rate difference; PY, person-years 
¶ per 10,000 person-years 
* Adjusted for age (continuous) as time-dependent variable and logit of propensity score 
** In the primary analysis, we assumed that patients used 1 PDE5 inhibitor per week 
*** Eligible subjects can enter study cohort once only  
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Table 4-8.  Continued 

 No use Current use Recent use 

Sensitivity analysis 6 (12 months look-back period) 
No. of events 1,001 94 107 
Person years 4,266,785 247,791 321,565 
Incidence rate¶ 2.35 3.79 3.33 
HR (95% CI) Reference  1.13 (0.92, 1.39) 1.20 (0.96, 1.51) 
IRD¶ (95% CI) Reference  1.45 (0.67, 2.23) 0.98 (0.33, 1.63) 
Sensitivity analysis 7 (require SSHL cases to have evidence of treatment with steroids) 
No. of events 670 68 89 
Person years 2,752,997 156,740 161,240 
Incidence rate¶ 2.43 4.34 5.52 
HR (95% CI) Reference  1.36 (1.11, 1.72) 1.54 (1.17, 1.86) 
IRD¶ (95% CI) Reference  1.91 (1.01, 2.97) 3.09 (2.06, 4.34) 
Sensitivity analysis 8 (require an ED diagnosis claim for both groups) 
No. of events 78 31 44 
Person years 213,158 68,553 64,601 
Incidence rate¶ 3.66 4.52 6.81 
HR (95% CI) Reference  1.26 (0.82, 1.94) 1.85 (1.26, 2.72) 
IRD¶ (95% CI) Reference  0.86 (-0.92, 2.65) 3.15 (0.98, 5.32) 
Sensitivity analysis 9 (adjusting for additional time-dependent variables) 
No. of events 994 104 135 
Person years 4,171,208 239,001 242,056 
Incidence rate¶ 2.38 4.35 5.58 
HR (95% CI) Reference  1.19 (0.98, 1.47) 1.46 (1.25, 1.85) 
IRD¶ (95% CI) Reference  1.97 (1.12, 2.82) 3.19 (2.24, 4.14) 
CI, confidence interval; HR, hazard ratio; IRD, incidence rate difference; PY, person-years 
¶ per 10,000 person-years 
* Adjusted for age (continuous) as time-dependent variable and logit of propensity score 
** In the primary analysis, we assumed that patients used 1 PDE5 inhibitor per week 
*** Eligible subjects can enter study cohort once only  
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Table 4-9.  Baseline patient characteristics of initiators of sildenafil and tadalafil 

Characteristic Unweighted  Inverse PS weighted 

Sildenafil  

(n=158,860) 

Tadalafil 

(n=66,595) 

Sildenafil  Tadalafil 

Age, years, mean ± SD 52.5±8.0 51.8±8.3 51.9±8.0 51.6±8.0 

Health plan type (%)     

     Employer-based 83.5 79.7 81.6 80.3 

     Large health plan 16.5 20.3 18.4 19.7 

Region (%)     

     Northeast 10.0 8.0 9.3 9.2 

     North Central 34.3 33.0 33.9 34.4 

     South 39.2 45.6 40.0 42.6 

     West 16.1 13.0 16.4 13.4 

     Unknown 0.4 0.4 0.4 0.4 

Year of index date (%)     

     2003 4.2 0.5 3.1 2.9 

     2004 34.4 22.9 29.2 28.5 

     2005 21.9 24.7 22.8 23.3 

     2006 20.7 26.0 23.5 24.1 

     2007 18.8 25.9 21.4 21.2 

Comorbid conditions (%)     

     Myocardial infarction  1.2 0.9 1.0 1.0 

     Atrial fibrillation 1.3 1.0 1.1 1.0 

     Ventricular arrhythmias 0.5 0.4 0.5 0.5 

     Congestive heart failure   0.8 0.7 0.7 0.7 

     Hypertension 28.3 29.6 29.0 29.1 

     Cerebrovascular disease 6.5 5.3 5.8 5.6 

     Peripheral vascular disease  0.6 0.6 0.6 0.6 

     Hyperlipidemia  27.1 29.6 28.4 28.7 

 
  



 

102 

Table 4-9.  Continued 

Characteristic Unweighted  Inverse of PS weighted 

Sildenafil  

(n=158,860) 

Tadalafil 

(n=66,595) 

Sildenafil  Tadalafil 

Comorbid conditions (%)     

     Alcoholism  0.6 0.5 0.6 0.6 

     Smoking  1.0 0.9 1.0 1.0 

     Diabetes mellitus  14.5 16.5 15.4 15.8 

     Recorded obesity 0.8 0.9 0.9 0.9 

     Depression 4.9 5.1 5.0 5.0 

     Anxiety  1.9 2.0 2.0 2.0 

     Chronic kidney disease 0.8 0.8 0.8 0.8 

     Prostate cancer  3.0 4.6 3.6 3.9 

     Bladder cancer 0.2 0.3 0.3 0.3 

     Lower urinary tract 
syndrome  

7.5 9.6 8.4 8.8 

     Erectile dysfunction 8.6 12.6 10.6 10.9 

Co-medications (%)     

     ACEI 18.7  17.1 18.2 17.9 

     Angiotensin receptor 
blockers 

5.6 6.3 5.9 6.0 

     Beta blockers 14.6 12.3 13.8 13.1 

     Calcium channel blockers 13.3 12.9 13.1 13.0 

     Diuretics  18.9 18.7 18.8 18.8 

     Statins  29.3 28.0 28.8 28.6 

     Other lipid lowering drugs 9.2 10.8 9.8 10.0 

     Benzodiazepines 10.2 10.8 10.5 10.6 

     SSRI 8.3 8.6 8.4 8.5 

     Anti-psychotics  1.3 1.2 1.3 1.3 

     NSAIDS 18.6 19.0 18.9 18.9 

     Influenza vaccination 5.6 4.8 5.3 5.0 

     Pneumococcal vaccination 1.0 1.0 1.0 1.0 
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Table 4-9.  Continued 

Characteristic Unweighted  Inverse of PS weighted 

Sildenafil  

(n=158,860) 

Tadalafil 

(n=66,595) 

Sildenafil  Tadalafil 

Health service utilization (%)     

     Number of outpatient visits 2.6±2.6 2.9±2.6 2.7±2.6 2.7±2.6 

     Number of emergency 
department visits 

0.1±0.4 0.1±0.4 0.1±0.4 0.1±0.4 

     Number of hospitalization 0.04±0.20 0.04±0.21 0.04±0.20 0.04±0.20 

PS, propensity score; SD, standard deviation; ACEI, Angiotensin-converting enzyme inhibitors; SSRI, 
selective serotonin reuptake inhibitors; NSAIDS, non-steroidal anti-inflammatory drugs 

 
 
 
Table 4-10.  Risk of SSHL comparing sildenafil with tadalafil (primary analysis)  

 Sildenafil  Tadalafil 

Events  37 13 

Person-years 83,226 35,882 

Incidence ratea 4.45 3.62 

HR (95% CI) Reference  0.80 (0.42, 1.51) 

IRDa (95% CI) Reference  -0.82 (-3.27, 1.60) 

HR, hazard ratio; IRD, incidence rate difference, CI, confidence interval 
a. Per 10,000 person-years 

 
 
 
Table 4-11.  Risk of SSHL comparing sildenafil with tadalafil (secondary analyses) 

Sensitivity analysis HR (95% CI) 
Tadalafil vs. Sildenafil (reference) 

Take 2 PDE5 inhibitor tablets every 7 days 0.80 (0.39, 1.65) 
Take 1 PDE5 inhibitor tablet every 14 days 0.79 (0.45, 1.40) 
Take 1 PDE5 inhibitor tablet every 21 days 0.95 (0.56, 1.60) 
Take 1 PDE5 inhibitor tablet every 30 days 0.95 (0.57, 1.59) 
HR, hazard ratio; CI, confidence interval 
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Table 4-12.  Baseline patient characteristics of initiators of sildenafil and vardenafil 

Characteristic Unweighted Inverse of PS weighted 

Sildenafil 

(n=158,860)  

Vardenafil 

(n=49,774)  

Sildenafil  Vardenafil 

Age, years, mean ± SD 52.5±8.0 52.1±8.2 52.3±8.0 52.2±8.2 

Health plan type (%)     

     Employer-based 83.5 86.0 84.6 84.9 

     Large health plan 16.5 14.0 15.4 15.1 

Region (%)     

     Northeast 10.0 7.9 9.3 8.8 

     North Central 34.3 25.4 30.2 29.4 

     South 39.2 35.4 38.0 37.6 

     West 16.1 31.0 22.2 23.8 

     Unknown 0.4 0.3 0.4 0.4 

Year of index date (%)     

     2003 4.2 2.3 3.4 3.0 

     2004 34.4 24.0 29.5 28.8 

     2005 21.9 23.9 22.8 23.0 

     2006 20.7 25.9 23.0 22.1 

     2007 18.8 23.9 21.3 23.1 

Comorbid conditions (%)     

     Myocardial infarction  1.2 1.0 1.0 1.0 

     Atrial fibrillation 1.3 1.0 1.2 1.1 

     Ventricular arrhythmias 0.5 0.4 0.5 0.5 

     Congestive heart failure   0.8 0.8 0.8 0.8 

     Hypertension 28.3 28.4 28.3 28.3 

     Cerebrovascular disease 6.5 5.4 6.0 5.9 

     Peripheral vascular disease  0.6 0.6 0.6 0.6 

     Hyperlipidemia  27.1 25.8 26.7 26.4 

PS, propensity score; SD, standard deviation; ACEI, Angiotensin-converting enzyme inhibitors; SSRI, 
selective serotonin reuptake inhibitors; NSAIDS, non-steroidal anti-inflammatory drugs 
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Table 4-12.  Continued 

Characteristic Unweighted Inverse of PS weighted 

Sildenafil 

(n=158,860)  

Vardenafil 

(n=49,774)  

Sildenafil  Vardenafil 

Comorbid conditions (%)     

     Alcoholism  0.6 0.5 0.6 0.6 

     Smoking  1.0 0.9 1.0 1.0 

     Diabetes mellitus  14.5 17.8 15.9 16.3 

     Recorded obesity 0.8 1.0 0.9 0.9 

     Depression 4.9 4.8 4.9 4.9 

     Anxiety  1.9 1.9 1.9 1.9 

     Chronic kidney disease 0.8 0.8 0.8 0.8 

     Prostate cancer  3.0 3.7 3.3 3.4 

     Bladder cancer 0.2 0.2 0.2 0.2 

     Lower urinary tract syndrome  7.5 7.4 7.4 7.4 

     Erectile dysfunction 8.6 12.3 9.8 10.2 

Co-medications (%)     

     ACEI 18.7  20.5 19.2 19,6 

     Angiotensin receptor blockers 5.6 6.1 5.8 5.9 

     Beta blockers 14.6 15.2 14.8 14.9 

     Calcium channel blockers 13.3 13.2 13.2 13.2 

     Diuretics  18.9 21.0 19.4 20.1 

     Statins  29.3 30.1 29.6 29.8 

     Other lipid lowering drugs 9.2 10.2 9.6 9.8 

     Benzodiazepines 10.2 9.9 10.1 10.1 

     SSRI 8.3 8.6 8.5 8.5 

     Anti-psychotics  1.3 1.2 1.2 1.2 

     NSAIDS 18.6 19.1 18.8 18.9 

     Influenza vaccination 5.6 6.3 5.9 6.0 

     Pneumococcal vaccination 1.0 1.3 1.1 1.1 

PS, propensity score; SD, standard deviation; ACEI, Angiotensin-converting enzyme inhibitors; SSRI, 
selective serotonin reuptake inhibitors; NSAIDS, non-steroidal anti-inflammatory drugs 
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Table 4-12.  Continued 

Characteristic Unweighted Inverse of PS 

weighted 

Sildenafil 

(n=158,860)  

Vardenafil 

(n=49,774)  

Sildenafil  Vardenafil 

Health service utilization (%)     

     Number of outpatient visits 2.6±2.6 2.8±2.6 2.7±2.6 2.7±2.6 

     Number of emergency 
department visits 

0.1±0.4 0.1±0.4 0.1±0.4 0.1±0.4 

     Number of hospitalization 0.04±0.20 0.04±0.19 0.04±0.20 0.04±0.20 

PS, propensity score; SD, standard deviation; ACEI, Angiotensin-converting enzyme inhibitors; SSRI, 
selective serotonin reuptake inhibitors; NSAIDS, non-steroidal anti-inflammatory drugs 

 
 
 
Table 4-13.  Risk of SSHL comparing sildenafil with vardenafil (primary analysis)  

 Sildenafil  Vardenafil 

Events  37 11 

Person-years 83,226 23,440 

Incidence ratea 4.45 4.69 

HR (95% CI) Reference  1.02 (0.51, 2.02) 

IRDa (95% CI) Reference  0.25 (-2.90, 3.34) 

HR, hazard ratio; IRD, incidence rate difference, CI, confidence interval 
a. Per 10,000 person-years 

 
 
 
Table 4-14.  Risk of SSHL comparing sildenafil with vardenafil (secondary analyses) 

Sensitivity analysis HR (95% CI) 
Vardenafil vs. Sildenafil (reference) 

Take 2 PDE5 inhibitor tablets every 7 days 1.11 (0.52, 2.36) 
Take 1 PDE5 inhibitor tablet every 14 days 1.01 (0.55, 1.85) 
Take 1 PDE5 inhibitor tablet every 21 days 1.07 (0.61, 1.91) 
Take 1 PDE5 inhibitor tablet every 30 days 1.14 (0.66, 1.96) 

HR, hazard ratio; CI, confidence interval 
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Figure 4-1.  Annual prevalence and incidence of erectile dysfunction 
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Figure 4-2.  Annual prevalence and incidence of PDE5 inhibitor use 
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Figure 4-3.  Market share of total PDE5 inhibitor products dispensed in 1998-2007 
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Figure 4-4.  Flow chart (Part 2)   
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Figure 4-5.  Risk of SSHL and PDE5 inhibitor use. Supplemental analysis 1: take 2 

PDE5 inhibitors per week; supplemental analysis 2: take 1 PDE5 inhibitor per 
14 days; supplemental analysis 3: take 1 PDE5 inhibitor per 21 days; 
supplemental analysis 4: take 1 PDE5 inhibitor per 30 days; supplemental 
analysis 5: propensity-score matched analysis; supplemental analysis 6: 12-
month look-back period; supplemental analysis 7: require SSHL cases to 
have evidence of treatment with steroids; supplement 8: require ED diagnosis 
claim for both groups; supplement analysis 9: adjusting for additional time-
dependent variables 
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Figure 4-6.  Study flowchart (Part 3) 
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CHAPTER 5 
DISCUSSION 

Part 1: Patterns of PDE5 Inhibitor Use in a Commercially Insured Population 

Our population-based estimates using a large administrative claims database 

showed that prevalence and incidence of ED remained stable in this private insured 

population over the study period from 1998 to 2007. Overall, a 1.7-fold increase in the 

prevalence of PDE5 inhibitor use and a 1.8-fold increase in the incidence of PDE5 

inhibitor use were observed in this population although the estimates seemed to 

fluctuate between calendar years of observation. Greater utilization was consistently 

observed among older age groups, but the greatest increase in the incidence of PDE5 

inhibitor use was seen in the age group of 40-49 years old. About two third of PDE5 

inhibitor initiators refilled prescriptions at least once during the 6 months period after 

their index prescription. In this new user cohort, the frequency of dose escalation and 

medication switching was low regardless of which initial drug or dosage the patient had 

started on. 

Over the last decade, ED has become increasingly recognized as a common 

disorder in male adults owing to the introduction of PDE5 inhibitor medications. ED is 

now considered by many physicians as a marker for undiagnosed diseases such as 

hypertension, hyperlipidemia, and diabetes. Most previous studies that estimated the 

prevalence of ED relied on patient self-report. For example, Selvin et al. analyzed the 

NHANES 2001-2002 survey data and found the overall prevalence of ED in men ≥20 

years old was 18.4%. The prevalence was 5.1%, 14.8%, 43.8%, 70.2% in men aged 20-

39, 40-59, 60-69, and 70+ years respectively.27 The Massachusetts Male Aging Study 

(MMAS) found the prevalence of mild ED in men 40-69 years old was 15%, but the 
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prevalence of moderate and severe ED was 35%.5 Up to today, only two published 

studies have used healthcare utilization databases to estimate the prevalence of ED in 

the population. Using 1999-2002 VA administrative files, Sohn et al. reported the overall 

prevalence of ED was 28.8 per 1,000 in adult VA patients. The prevalence was 2.6, 

15.1, 29.8, and 35.9 per 1,000 in men aged 25-34, 35-44, 45-54, and 55-64 years, 

respectively.29 Using 2007-2009 VA administrative files, another group of investigators 

reported the overall prevalence of ED was 5.5% among male veterans returning from 

Iraq and Afghanistan, and the prevalence was 3.6% and 15.7% in men aged 18-40 and 

>40 years, respectively.30 In both VA studies, ICD-9-CM diagnosis codes were used to 

identify ED patients from the administrative claims data, although the Sohn et al. study 

also used treatment procedure codes in combination of the diagnosis codes.29,30  

Our prevalence of ED estimates were similar to the findings in those VA studies, 

but were significantly lower than estimates obtained in the survey-based studies. A 

possible explanation could lie in PDE5 inhibitors reimbursement policies that focus on 

severe ED or presence of comorbid conditions, which might decrease overall healthcare 

encounters for ED. Furthermore, physicians might not code the diagnosis of ED if they 

did not prescribe PDE5 inhibitor medications or omit the potentially stigmatizing 

diagnosis altogether. Furthermore, only the first 2 diagnostic codes associated with 

outpatient and inpatient claims are captured in the MarketScan CCAE data. Because 

patients with ED usually have other comorbid conditions such as diabetes, 

hyperlipidemia, and hypertension, the diagnosis of ED might be recorded in tertiary 

fields that were not included in the CCAE data. Third, use of a period prevalence of 6 

months to capture claims data with ED diagnosis in our prevalence definition might 
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result in smaller case ascertainment if healthcare encounters related to the condition 

occur infrequent. The same problem would not affect survey methods that rely on 

patient recall. Fourth, lack of an explicit definition of the clinical diagnosis, lab or imaging 

tests, and very poor specificity of the behavioral diagnostic criteria for ED might further 

explain the differences between self-reports and ICD-9 codes-based algorithm to 

identify ED cases in the claims. In conclusion, the claims data probably have captured 

moderate or severe ED cases at the cost of missing mild cases, resulting in an 

underestimate of ED.  

The MMAS is the only published study that reported incidence of ED.134 During 

an average of 8.8 years follow-up, the incidence of ED was found in the MMAS to be 

12.4 (9.0-16.9), 29.8 (24.0-37.0), 46.4 (36.9-58.4) per 1,000 person-years in men aged 

40-49, 50-59, 60-69 years, respectively. However, our estimates in the older age groups 

seemed to be lower than the findings from the MMAS. The MMAS survey involved a 

community-based, random sample of non-institutionalized men aged 40-70 years living 

in the Boston area, whereas we studied a group of men with employer-based private 

insurance. It is likely that employees in the MarketScan data represented a healthier 

subset than the general population in local communities in Boston. A study conducted 

by Goetzel et al. compared the prevalence of 8 behavioral and biometric risk factors in 

the MarketScan CCAE with that in the National Health Interview Survey (NHIS) and the 

National Health and Nutrition Examination Survey (NHANES), the two well-known 

surveys conducted by the CDC representing the health status in the general US 

population. The study found that blood pressure, cholesterol, blood glucose, stress, 

alcohol use, and tobacco use risk prevalence rates were all lower in the MarketScan 
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sub-sample than in the general US sample.135 Finally, our estimation of a lower 

incidence of ED might also result from an under-representative of the elderly people 

since our CCAE data does not include men >64 years old. 

Few studies have estimated the prevalence and incidence of PDE5 inhibitor use. 

Delate et al. estimated the prevalence of sildenafil use in commercially insured, adult 

(aged ≥18 years old) beneficiaries from 1998 to 2002 using ambulatory pharmacy 

claims from Express Scripts, Inc. The authors found the overall prevalence of sildenafil 

use increased from 0.77% in 1998 to 1.42% in 2002. Although the prevalence of use 

increased in older patients, the fastest growing segment of users was in males aged 18-

45 years suggesting young adults were more likely to seek care or they were more likely 

to uptake a new therapy than the elderly population.136 Cooke et al. reported the 

prevalence of sildenafil use was 54.1 per 1,000 male members of a large managed care 

organization with a coverage limit of 6 doses of PDE5 inhibitor for every 30-day 

supply.82 The mean age of PDE5 inhibitor users in those two studies was comparable to 

the MarketScan population. Similar to these two and other studies,82,136,137 we found the 

majority of subjects who filled PDE5 inhibitor prescriptions were between the ages of 

40-64 years. Unlike the other claims-based studies, we studied drug utilization behavior 

in more recent calendar years and found a slowing increase in prevalence and 

incidence of use. Furthermore, unlike previous studies that focused on a single insurer, 

we used the MarketScan data which contains multiple types of health insurance plans. 

Our study population grew dramatically over the 10 years period which may result in a 

different composition of the study cohort in terms of the types of health insurance. 

Different health plans may have different policy regarding accessibility of health plan 
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members to reimbursable PDE5 inhibitors, which may be a major driving factor for the 

different estimates.138  

We observed about one third of initiators of PDE5 inhibitor filled their index PDE5 

inhibitor prescription only. Using pharmacy claims data from a third-party administrator 

of prescription drugs, Mulhall et al. reported that 52% of sildenafil initiators refilled their 

prescription during the 6 months after their initial PDE5 inhibitor prescription.103 The refill 

rate was 30% and 29% for vardenafil and tadalafil initiators. Cooke et al. found that 

34.1% of male members aged 18 years or older filled only one sildenafil prescription in 

2001 from their MCO where a strict quantity limit was implemented.82 Similar to what 

was found in Mulhall et al. study, we found a small percentage of patients who switched 

medication during the 6 months period after the index PDE5 inhibitor prescription, and 

the frequency of dose titration was very low for all three PDE5 inhibitor agents and initial 

dose of prescription. In Cooke et al. study, the number of sildenafil prescription filled 

was 3.3±2.7 in calendar year 2001. Correspondingly, the mean number of sildenafil 

tablets filled per health plan member was 29.4 per year, or 2.5 tablets per months.82 In 

our study, the mean number of tablets filled was 23, 20, 21 per the 6 months period, or 

3.8, 3.3, or 3.5 tablets per month for patients who started on sildenafil, vardenafil and 

tadalafil respectively. If follow-up was increased to 12 months we estimated 3.0, 2.6, 

and 2.8 tablets per months for sildenafil, vardenafil and tadalafil respectively, similar to 

those estimates observed by Cooke et al.                 

There were several limitations of the data presented. First, the MarketScan 

CCAE database reflects the commercially insured population and, therefore, the study 

over-presents healthier patients and excludes individuals 65 years or older and disabled 
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and the low income populations. Second, claims data reflect only dispensing events 

submitted for reimbursement in the outpatient setting and neglects medication that was 

purchased without reimbursement. However, the MarketScan CCAE data captures data 

from all retail and mail-order dispensing regardless of which healthcare provider in the 

plan issues the prescriptions. Third, patients‟ erectile function and sexual satisfaction 

information were not available in the claims database. Therefore, it was not possible to 

know whether subjects stopped or switched treatment because of lack of efficacy or 

lack of tolerability. 

Part 2: PDE5 Inhibitor Use and Risk of SSHL (“Class Effect”) 

In this large cohort study that involved almost 2.5 million privately insured male 

adults in the US, we found the crude incidence rate for SSHL was 4.27 per 1,000 

person-years among current users of PDE5 inhibitor. The result of the primary analysis 

which revealed an adjusted HR of 1.22 (95% CI 1.01-1.49) was confirmed in most 

secondary analyses. Together, these results suggest a potential small but significantly 

increased risk of SSHL among current users of PDE5 inhibitors. However, the absolute 

excess risk of SSHL comparing current user with nonuse of PDE5 inhibitor was only 

1.97 cases per 1,000 person-years, hence a very large population would need to use 

the PDE5 inhibitor treatment in order to have one excess case of SSHL. Although this 

study was conducted using data from 1998-2007, the three PDE5 inhibitors that were 

commonly used in our study cohort continued to be the most popularly used drugs 

today, and thus the estimated excess risk of SSHL associated with these medications 

are still applicable to current practice.  

Our study has two important implications. First, we found a small but significantly 

increased risk of SSHL comparing current PDE5 inhibitor use with nonuse. This large 
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post-marketing observational safety study largely confirmed the safety signal detected 

in previous case reports suggesting an ototoxic effect of PDE5 inhibitor medications. In 

addition, we showed that large healthcare administrative database is another useful tool 

that can be used to study drug-related ototoxic reaction. The drug safety issue related to 

ototoxicity has not been addressed frequently in the pharmacoepidemiology literature.  

Our findings should be considered in the context of previous research. All three 

PDE5 inhibitors have been implicated as a cause of sudden hearing impairment in 

previous case reports.15,20,72,74,139-141 In addition to the published case reports, 

researchers also analyzed pharmacovigilance data collected by drug safety regulators 

in North America, Australia and Europe, which revealed a number of unique features 

that seem to support the PDE5 inhibitor-SSHL hypothesis.74 First, a strong temporal 

relationship between PDE5 inhibitor consumption and onset of hearing problem was 

observed in many previous case reports.74 Of the 27 cases that underwent evaluation, 

18 (66.7%) had experienced hearing loss within 24 hours after ingestion of a PDE5 

inhibitor. Second, the majority (88%) of cases was reported as having unilateral hearing 

impairment, which is a typical characteristic for idiopathic SSHL according to literature.23 

Third, two ED patients who used PDE5 inhibitor reported a positive re-challenge which 

is considered a strong supporting evidence in any algorithm (e.g., WHO-UMC 

system142) for causal assessments of case reports.16 However, arguments put forward 

against the PDE5-SSHL association include the small number of case reports relative to 

the history of using these drugs, the relative low incidence of bilateral cases because 

other known ototoxic drugs (e.g., antibiotic, antineoplastic agents- induced ototoxicity) 

usually cause bilateral symmetrical symptoms.143,144 Finally, some cases had one or 
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more SSHL risk factors such as CVD disease and concomitant use of other medications 

which could be the cause of their hearing impairment.20 Besides those case reports, 

SSHL cases were also reported in phase III randomized trials of these drugs, although 

the number of cases was too small to allow any meaningful inference.16 Finally, two 

mice studies provided further evidence in support of a causal association between 

PDE5 inhibitors and SSHL. In the first study, researchers from South Korea examined 

hearing in mice that were administered high dose sildenafil for up to 105 days. The 

authors found that high-dose and long-term administration can cause a hearing 

threshold shift of auditory brainstem response (ABR), latency delay of ABR and auditory 

middle latency response (AMLR), and changes in transient evoked otoacoustic 

emissions (TEOAE). Based on these results, the authors postulated that outer hair cells 

in the organ of Corti and auditory neural conductance were impaired by sildenafil use.70 

In the second study, Bakir et al. examined the inner ear biopsy specimens from mice 

administrated with sildenafil. The study provided histopathologic evidence of PDE5 

inhibitor-induced hearing impairment through apoptotic or necrotic cell deaths in the 

cochlea. The authors hypothesized that long-term sildenafil administration could be the 

cause of hearing impairment through increased (hair) cell apoptosis.71   

Although the exact underlying biological mechanism is unclear, there are several 

plausible physiologic pathways which may explain the potential ototoxic effect of PDE5 

inhibitors.20,71,74 Previous studies demonstrate the presence of nitric oxide (NO) in the 

cochlea and the role of the NO/cGMP signaling pathway as a regulatory system in 

cochlea physiology. The cGMP can induce gene expression of nuclear factor-κB 

(NFκB), a transcription factor that mediates many deleterious effects such as oxidative 
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stress and endothelial dysfunction. It has been postulated that “cellular stress” caused 

by localized inflammation or cochlea infarction secondary to the endothelial dysfunction 

or thrombosis is a potential mechanism for sudden deafness. Consistent with this 

“cellular stress” theory is the fact that the majority of patients seen in the case reports 

had a unilateral hearing loss. The cellular stress etiology has also been used to explain 

other otologic disorders such as aminoglycoside ototoxicity.77,145,146 An alternative 

pathway that involves the NO and downstream inflammatory cytokines including MAP 

kinase (MAPK) and c-Jun N-terminal kinase (JNK) have been found to cause loss of 

auditory hair cell via necrosis and apoptosis.20 Blocking the MAPK/JNK pathway can be 

otoprotective against aminoglycoside ototoxicity, neomycin ototoxicity, and acoustic 

trauma induced auditory hair cell death.145,147   

Although our primary finding of a small increased relative risk of SSHL was 

robust in most secondary analyses, the results must be interpreted with caution 

because of the potential limitations of the present study. We employed an electronic 

administrative claims database to study a drug adverse effect. PDE5 inhibitors are 

taken as needed, thus actual time and dose of exposure is unknown based on 

pharmacy dispensing data. We simulated the duration of exposure by imputing the 

frequency of use from previous surveys. This approach, however, would systematically 

overestimate the intensity of current use, if the patient did not consume all his 

prescribed pills (e.g., 4-6 tablets for a 30-day supply) at the designated frequency (e.g., 

use 1 PDE5 inhibitor dose per week) or if he splits the pills and used his stockpile later 

after the end of the estimated „days of supply‟. If this had happened, the patient would 

have been considered as exposed while actually he was not, resulting in an 
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underestimation of current use and overestimation of recent use or nonuse. Therefore, 

the overall effect of misclassification would have reduced the true difference between 

periods of current use and nonuse, and would result in underestimation of the true effect 

of the drug. Alternatively, if a patient split the pills but he still consumed all his 

prescribed doses before the end of the estimated „days of supply‟, then the effect 

estimate for the current use would not be affected. In addition, PDE5 inhibitors could be 

obtained via the internet or purchased out of pocket leading to further misclassificatio.148  

We defined exposure groups based on imputed data on duration of PDE5 

inhibitor use. We found that HR was larger during recent use than current use in the 

primary analysis (assuming patients took 1 PDE5 inhibitor dose every 7 days). A 

possible explanation for this finding was that the frequency of PDE5 inhibitor use was 

incorrectly specified in the primary analysis. We conducted several sensitivity analyses 

by assuming different patterns of drug use. Overall, we still found a small (20-40%) but 

significantly increased risk of SSHL comparing current use to nonuse in these analyses. 

Additionally, we found the HR for current use increased, and at the same time the HR 

for recent use decreased if we assumed a longer duration of current use. In fact, the HR 

for current use was higher than the HR for recent use when we assumed patients took 1 

PDE5 inhibitor dose every 21, or 30 days, suggesting some person-time might have 

been mistakenly assigned from current use to recent use in the primary analysis. 

Alternatively, a significant delay in seeking health care for SSHL might also result in a 

higher risk identified during recent use than current use. However, this explanation was 

unlikely because we added 30 days of follow-up to the calculated end of days supply in 
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current use already, this should have taken care of the issue properly especially some 

authors suggested the average delay in seeking specialist care for SSHL is 20 days.  

Furthermore, confounding is a major threat to study validity. ED and SSHL share 

many common risk factors including cardiovascular disease, diabetes, hyperlipidemia, 

smoking, and obesity. We considered a variety of risk factors of SSHL, which could act 

as potential confounders of the association, and included them in the propensity score 

model. Adjusting for exposure propensity scores in outcome models is an effective and 

efficient method to control confounding bias and is especially attractive when the 

outcome of interest is rare.96,149 Although we controlled for a large number of 

confounders, we cannot rule out the possibility of uncontrolled (e.g., smoking, physical 

activity, diet, OCT drug use) or inappropriately measured factors (e.g., obesity) resulting 

in residual confounding that might affect our results.     

Another limitation of the study is the potential for outcome misclassification. The 

accuracy of the specific diagnosis and procedure codes to identify SSHL in claims data 

has not been formally validated. However, the selected diagnosis and procedure codes 

are highly specific for SSHL. It is particularly important to note that we required two CPT 

codes for audiologic testing, mimicking the clinical diagnostic process to increase the 

specificity of our definition. Mild SSHL cases may recover spontaneously, which may 

result in an under-ascertainment of cases, but as long as the health seeking behavior of 

exposed and unexposed patients was similar, lower sensitivity would not bias our 

results. We further introduced the requirement for steroid treatment in the sensitivity 

analysis, which showed similar risk estimates, assuring us that misclassification bias is 

of limited concern.  
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Finally, our study finding may have limited generalizability as addressed earlier, 

but it is unlikely that the discovered PDE5 risk occurs differentially in healthier and 

younger subjects.  Thus, similar or higher risk might exist in patients covered by public 

insurance plans.  

In conclusion, in this large cohort of privately insured male adults, subjects who 

were newly started on PDE5 inhibitor medications had a small but significantly 

increased risk of SSHL compared with subjects who were not receiving these 

medications. Together with other emerging evidence on the topic, our study supports 

the notion that use of PDE5 inhibitor is associated with an elevated risk of SSHL. In this 

affluent population, the absolute risk of PDE5 inhibitor exposure was low. Thus, our 

finding support the FDA‟s decision of a more rigorous labeling but retaining these 

products on the market for ED treatment.21 Finally, given the widespread use of these 

medications, even the low risk of ototoxicity might pose a potential public health 

concern. Thus, prescribers and patients need to weigh the potentially increased 

ototoxicity from PDE5 inhibitor agents against the benefits that arise from treatment. 

Part 3: Comparative Safety of PDE5 Inhibitors and Risk of SSHL 

In this large cohort of male adults who initiated PDE5 inhibitors between 2003 

and 2007, we did not find clinically and statistically meaningful differences in the risk of 

SSHL comparing the three PDE5 inhibitors. Occurrence of SSHL in either PDE5 

inhibitor new user cohort was rare in this population with a total of only 61 cases, 

leading to wide confidence intervals of hazard ratios and limited power to compare the 

three agents.  

Only one previous study compared the risk of sensorineural hearing loss in 

patients taking different PDE5 inhibitors. The study, which involved 11,252 men aged 40 
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years or older who were enrolled in the Medical Expenditure Panel Survey (MEPS) 

between 2003 and 2006, found that men who reported having hearing impairment were 

more likely to have also reported the use of PDE5 inhibitors (OR=2.23, 95% CI, 1.36-

3.66). In addition, a significant association was prominent in sildenafil users only, but 

not in vardenafil or tadalafil users. The authors admitted that the differential ototoxic 

effect may be due to the small sample size for vardenafil and tadalafil. The study was a 

cross-sectional survey and relied on patients‟ self-report on drug exposure and 

occurrence of outcomes, thus recall bias and potential for exposure and outcome 

misclassification were additional limitations.75 

Several case reports and small follow-up studies (n<50) have been published 

that describe a risk of SSHL associated with PDE5 inhibitor use.8,15,20,72-74,139,140 

Systematic reviews that pooled these studies, including the original randomized clinical 

trials, suggest that the three agents have similar efficacy and safety profile.13,120,150 The 

three PDE5 inhibitors share the same mechanism of action and sildenafil and vardenafil 

have similar pharmacokinetics profiles. More importantly, the suggested biological 

mechanisms through “cellular stress response” would apply to all three agents. 

As in part 2, misclassification of exposure was a major limitation of this study and 

our ability to compare results of our sensitivity analysis varying exposure definitions was 

limited due to wide confidence intervals. As this was an observational study, residual 

confounding cannot be ruled out, but we adjusted propensity score for potential 

differences in baseline patient characteristics across different exposure groups, which 

should have taken care of the confounding bias to a large extent. Finally, the diagnosis 

of SSHL using claims records has not been formally validated against the „gold-
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standard‟ audiology results. Misclassification of outcome should not differ according to 

the use of PDE5 inhibitor („non-differential‟), and therefore such misclassification would 

be expected to bias our results towards masking a potential existing association. 

In a large cohort of male adults who were newly started on PDE5 inhibitor, we 

found no significant differences in the risk of SSHL between users of PDE5 inhibitors. 

However, despite the use of a large insurance claims database, we had limited power in 

estimating the risk of SSHL associated with use of PDE5 inhibitors. Given the 

widespread use of these drugs future studies conducted in a larger population would be 

beneficial to provide confirmation of our findings.     

Recommendation for future research 

A major deficiency in the literature is how the PDE5 inhibitors are actually used in 

„real-life‟. Large electronic databases provide one useful tool to investigate the PDE5 

inhibitor utilization pattern. But PDE5 inhibitors could be purchased online, and over-

the-counter sales are common.151 Survey based research can supplement the claims-

based studies to better understand the pattern of PDE5 inhibitor use. Such information 

could be important in designing future safety studies for these drugs. In the current 

study, the PDE5 inhibitor exposure frequency has been selected arbitrarily based on a 

few surveys that involved small number of patient population.   

As discussed in the thesis, we were unable to access to real audiologic data 

which was considered as a major limitation of the study. A validation study should be 

conducted to assess the accuracy of the computer-based case identification algorithm 

used in the current study. The insight gained from such validation study will allow 

investigators to better plan future research in this challenging area of drug induced 

ototoxicity. 
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  In a comparative safety study, the greatest concern for a non-significant finding 

was the potential for limited cohort size leading to imprecise estimates, hence masking 

an existing safety signal. In addition, more than 50 different health plans contributed to 

the claims data in the MarketScan CCAE data. Different health plan has its own 

reimbursement policy for lifestyle drugs such as PDE5 inhibitors. We have shown in our 

analyses that in contrary to the notion that prevalence of ED increased in real-life 

population after the introduction of PDE5 inhibitors, we actually found the prevalence 

and incidence of ED in our population to be fairly stable over the 10-year study period. 

One possible explanation is that this could be the impact of changing component of 

patient population and health plan type in the study. So if feasible, future studies should 

repeat the analysis of the comparative risk of ototoxicity for PDE5 inhibitor agents in a 

larger unique patient population. With several PDE5 inhibitor products already being on 

the US market and several other PDE5 inhibitors are currently being tested, the 

comparative safety and effectiveness data become more clinically relevant when there 

are more than two treatment options available.  

Summary and conclusion 

 
Our study on the association between PDE5 inhibitor use and the risk of SSHL at 

the population level revealed a number of important results:  

In part 1, we found that among privately insured male adults the annual 

prevalence and incidence of ED remained largely stables in 1998-2007, although 

prevalence and incidence of PDE5 inhibitor use increased slightly during the same time 

period. Higher utilization rates were found when people become older. These estimates 

changed from year to year and were possibly affected by the change of component of 
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study population as well as health plans available in the MarketScan CCAE data. About 

two third of the new users of PDE5 inhibitors refilled their prescription after the index 

prescription, only a small population of these new users ever changed their dosage or 

switched to a different PDE5 inhibitor during the follow-up. In part 2, we found a small 

(about 20 to 40%) but significantly increased risk of SSHL comparing current use of 

PDE5 inhibitors with nonuse of PDE5 inhibitors, however, the absolute excess risk of 

SSHL due to PDE5 inhibitor use was small (1.97 cases per 1,000 exposed person-

years in the primary analysis) indicating that a large number of male adults need to be 

exposed to the drugs in order to produce the ototoxic effects among patients. We tried 

different analytic approaches to mitigate the effects of exposure misclassification, 

outcome misclassification, confounding by indication, and residual confounding in a 

number of sensitivity analyses. In most of these sensitivity analyses, we still found a 

small increased risk of SSH. Finally in part 3, no meaningful differences were observed 

for the risk of SSHL associated with the three individual PDE5 inhibitor agents, although 

the analysis was limited by lack of statistical power.  

This is the first population-based study that quantified the risk of SSHL in 

association with PDE5 inhibitor agents in a large cohort of patients. Methods developed 

in this study provided new insights into the methodology to assess the risk of adverse 

events of PDE5 inhibitors as well as drug-induced ototoxicity in large healthcare 

administration databases in the future. These findings may have important implications 

for physicians and patients. Sudden deafness although it is rare, it is considered as an 

otologic and audiologic emergency. If not properly diagnosed and treated, the hearing 

may remain impaired for a long time or in some cases may even be permanent.23 Our 
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finding of a small increased relative risk is convincing and biologically plausible. Hence, 

prescribers of PDE5 inhibitors need to provide their patients with appropriate 

information on the benefits and risks of the treatment and how these drugs may impact 

patients‟ overall quality of life. We have addressed an otologic emergent condition in 

this thesis, other authors have shown a possible link between the use of PDE5 inhibitors 

and nonarteritic anterior ischaemic optic neuropathy (NAION).152,153    

Since thousands and millions of patients are taking these drugs, the potential 

public health impact of these adverse events could be significant. Hence, the updated 

safety information needs to be properly disseminated to patients and physicians who 

are using these drugs frequently. 
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APPENDIX A 

INCLUSION-EXCLUSION CRITERION, APPLIED AS TO T0, 
 THE PRESCRIPTION FILL DATE OR COMPARABLE 

 DATE FOR NONUSER CONTROLS 

1. Aged 18-64 years at T0. Individuals <18 years have less chance to be prescribed 
PDE5 inhibitors and their risk of SNHL was also lower relative to people ≥18 
years. The upper age limit is present because people become eligible for 
Medicare after 65 years old. Thus, both exposure and outcome information are 
underrepresented in our study database. 

2. Enrolled in a health plan that provides full pharmacy benefits. 

3. At least 365 days continuous health plan enrollment. This means, subject needs 
to be enrolled on the 365 days prior to T0. This assures sufficient enrollment to 
use medical encounters as measure of comorbidity. 

4. At least one filled prescription and one in- or out- patient encounter resulting a 
diagnosis in each of the two consecutive 6 months period preceding T0. This 
assures that cohort members have some ongoing medical surveillance, 
particularly near T0. 

5. No exclusion illness on T0 or the preceding 365 days. This means, without well-
established medical conditions or medication use that can cause SNHL (i.e., 
conductive hearing loss, SNHL, mixed hearing loss, HIV, cancer, organ 
transplant, syphilis, aminoglycoside, anti-retroviral therapy, chemotherapy) 

6. Only a single study drug prescription filled at the T0. 
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APPENDIX B 
EXCLUSION ILLNESSES APPLIED AS TO T0 

 

Unless otherwise specified, these are ICD9-CM diagnostic codes (3
rd

 or 4
th

 digit code implies inclusion of all sub-codes) or National 

Drug Index (NDC) codes. Hence, from the pool of eligible patients, subjects were excluded if they had one of the following conditions 

during the 183 baseline period (including the index date) that could have influenced their risk of SSHL. 

 

Conditions  Definition 

Conductive hearing loss At least one in- or out- patient claim with ICD9-CM diagnosis codes: 389.0x 

Sensorineural hearing loss At least one in- or out- patient claim with ICD9-CM diagnosis codes: 389.1x 

Mixed hearing loss At least one in- or out- patient claim with ICD9-CM diagnosis codes: 389.2x 

Hearing loss unspecified At least one in- or out- patient claim with ICD9-CM diagnosis codes: 389.7, 389.8, 389.9 

Cancer (except prostate, bladder 

cancer) 

At least one in- or out- patient claim with ICD9-CM diagnosis codes: 140-208, 209.0x-209.3, 

230-234 

Organ transplant  At least one in- or out- patient claim with ICD9-CM diagnosis codes: 996.8x, 238.77, E878.0, 

V42.x, V43.2x, V43.3x, V43.4x, V43.6x, V45.87, V49.83, V58.44 

HIV At least one in- or out- patient claim with ICD9-CM diagnosis codes: 279, 042, 795.71, V08 

Cytomegalovirus At least one in- or out- patient claim with ICD9-CM diagnosis codes: 771.1, 078.5 

Rubella  At least one in- or out- patient claim with ICD9-CM diagnosis codes: 056.x, 771.0 

Syphilis  At least one in- or out- patient claim with ICD9-CM diagnosis codes: 090.x, 091.x, 092.x, 

093.x, 094.x, 095.x, 096, 097.x 

Bacterial meningitis  At least one in- or out- patient claim with ICD9-CM diagnosis codes: 320.x 

Viral encephalitis  At least one in- or out- patient claim with ICD9-CM diagnosis codes: 062.x, 063.x, 064, 

054.3, 055.0, 072.2 

Severe head injury At least one in- or out- patient claim with ICD9-CM diagnosis codes: 800.x, 801.x, 802.x, 

803.x, 804.x, 850.xx, 851.x, 852.x, 853.x, 854.x 

Head or neck radiation  At least one in- or out- patient claim with ICD9-CM diagnosis codes: E926.x, V15.3 

Pulmonary hypertension  At least one in- or out- patient claim with ICD9-CM diagnosis codes: 415.0, 416.0, 416.8 

Systemic aminoglycosides, 

interferon, cisplatin, cyclosporine, 

vinblastine, or vincristine 

At least one drug claim filled during the 183 days baseline period or at any time during their 

follow-up 
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APPENDIX C 
DIAGNOSIS AND PROCEDURE CODES USED IN THE STUDY  

TO IDENTIFY STUDY OUTCOME 
 

Case 
definition 

 ICD-9-CM 
codes 

CPT codes* 

Sudden 
sensorineural 
hearing loss 

- At least 1 in- or out- 
patient claim with ICD-
9-CM diagnosis codes 
for sensorineural 
hearing loss, plus 1 
CPT code for any 
audiometric testing 
during [-30 ,0] days and 
1 CPT code for any 
audiometric testing 
during [+4, +30] days  
 

389.1x, 389.2x, 
388.2 

92553, 92557, 
92579, 92582, 
92585, 92586, 
92588 

 - In the secondary 
analysis, require 
evidence of treatment 
with oral steroid or intra-
tympanic steroid 
injection 

 69799, 69801, 
69433, 69436 
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