
Phosphodiesterase Type-5 Inhibitor Prescription Patterns in the 
United States Among Men with Erectile Dysfunction: An Update

John P. Mulhall, MDa, Ishveen Chopra, PhDb, Dipen Patel, PhDb, Tarek A. Hassan, MD, 
MScc, Wing Yu Tang, MPHc

aMemorial Sloan Kettering Cancer Center, Urology Service, Department of Surgery, 353 E 68th 
St, New York, NY 10021, USA

bPharmerit International, 4350 East West Highway #1110, Bethesda, MD, 20814, USA

cPfizer Inc, 235 E 42nd St, New York, NY, 10017, USA

Abstract

Background: While phosphodiesterase type-5 inhibitors (PDE5Is) are highly effective for the 

treatment of erectile dysfunction (ED) and well tolerated, updated data on prescription patterns has 

been limited in real-world settings.

Aim: To describe men in the United States who are prescribed PDE5Is for ED treatment and to 

evaluate patterns of initiation, switching, and treatment overlap.

Methods: This retrospective claims study used MarketScan Commercial and Medicare 

Supplement Databases from January 1, 2010, to December 31, 2015 to identify initial PDE5I 

claims (index date) for sildenafil, tadalafil, and/or vardenafil. Adults aged ≥18 years with ED were 

identified between July 1, 2010, and December 31, 2014, allowing for a 6-month preindex and 12-

month follow-up period from the index date.
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Outcomes: Outcomes included patient demographics and treatment-related patterns following 

treatment initiation.

Results: A total of 106,206 identified patients met all inclusion criteria. Of these, 51,694, 40,193, 

and 14,319 had initial claims for sildenafil, tadalafil, and vardenafil, respectively. Mean age was 

50.35 years and comorbidities included dyslipidemia (44.17%), hypertension (43.09%), diabetes 

(15.32%), and depression (10.61%). More patients (48.67%) initiated on sildenafil than tadalafil 

(37.85%) or vardenafil (13.48%). Rate of switching was lower in the 60 days following the end of 

days supply of the initial prescription in the sildenafil cohort (2.71%) compared with the tadalafil 

(2.81%) and vardenafil (3.88%) cohorts (P<0.001 for sildenafil vs tadalafil or vardenafil). 

Treatment overlap was lower in the sildenafil cohort (0.35%) compared with the tadalafil (0.75%) 

and vardenafil (0.62%) groups (P<0.001 for sildenafil vs tadalafil or vardenafil).

Clinical Implications: These findings provide insight into updated patterns of PDE5I 

prescriptions in the United States and may aid in clinical decision-making.

Strengths & Limitations: Strengths include the large sample size, long data coverage period, 

and the real-world nature of the study. Limitations include the retrospective study design, use of 

data collected with a primary focus of claims, and lack of further details regarding reasons that 

drive switching. Actual rates of ED and impact on prescription patterns may be underestimated 

because the claims database only captured patients electing to visit a healthcare provider.

Conclusion: Among men with ED in the United States, rates of switching and treatment overlap 

were low for all PDE5Is but were found to be the lowest for sildenafil compared with tadalafil and 

vardenafil.

Twitter message:

Claims data from more than 100,000 US adult men prescribed PDE5Is for treatment of erectile 

dysfunction indicate that rates of switching and treatment overlap were generally low, but lowest 

for sildenafil compared with tadalafil and vardenafil.
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Introduction

Erectile dysfunction (ED) affects more than 20 million men in the United States and over 

150 million men worldwide [1-3]. The prevalence of ED is expected to increase substantially 

in coming years with an estimated global prevalence of nearly 322 million by 2025 [1,2]. ED 

can have a significant adverse impact on patient and partner quality of life and negatively 

affects physical and psychosocial health [4,5]. Risk factors for development of ED include 

increased age, smoking, diabetes mellitus, hypertension, dyslipidemia, depression, obesity, 

and sedentary lifestyle [2,4].

Phosphodiesterase type-5 inhibitors (PDE5Is) have been studied extensively for the 

treatment of ED and are a well-established first-line therapy [2,4]. These drugs are well 
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tolerated, easy to use, highly effective, and they produce improvements in health-related 

quality of life [4]. In 1998, sildenafil citrate (Viagra®, Pfizer Inc, New York NY) became the 

first approved oral PDE5I [6]. Subsequently, 2 other oral PDE5I drugs, tadalafil (Cialis®, 

Lilly USA, Indianapolis, IN) and vardenafil (Levitra®, Bayer-GlaxoSmithKline) were 

introduced to the market in 2003 [7,8].

Although real-world PDE5I treatment patterns in the United States were described in 2005 

[9], changes in these patterns in recent years have not been reported. Given that patient 

populations and PDE5I use continue to evolve, an update can offer critical perspectives on 

product selection and continued utilization. The objective of this study is therefore to inform 

a more contemporary understanding of PDE5I selection (ie, from the time of newly initiating 

PDE5I treatment) and continued use behavior, including prescription switch patterns and 

treatment overlaps in patients with ED in the United States.

Methods

Study Design

This retrospective claims study used data from the MarketScan Commercial and Medicare 

Supplement Databases during the time period January 1, 2010, to December 31, 2015 

(Figure 1). The MarketScan database includes claims data from >30 million patients, 

including employees and their adult dependents from approximately 100 employers and 12 

US health plans [10].

Inclusion/Exclusion Criteria

Male patients aged ≥18 years at the index date, which is the date of first fill for branded 

PDE5I, with ≥1 ED diagnosis within 6 months prior to or within 30 days after index PDE5I 

prescription and ≥1 branded PDE5I claim during the study period were eligible for inclusion 

in the study. Because patients were also required to have ≥6 months continuous enrollment 

prior to and ≥12 continuous enrollment following the index PDE5I prescription claim, all 

included index dates were between July 1, 2010 and December 31, 2014 to allow for 

appropriate pre- and post-index follow-up. Patients were excluded if they used any branded 

PDE5I within the preindex period, meaning they had exposure to PDE5I before the index 

date and were therefore not newly initiating PDE5I treatment. Patients were also excluded if 

they had received a guanylate cyclase stimulator for the treatment of pulmonary arterial 

hypertension (PAH) or nitrates in any form for the treatment of coronary artery disease 

during the study period, or if they had been diagnosed with PAH or benign prostatic 

hyperplasia (BPH) at any time 6 months pre- or postindex. Exclusion of patients with BPH 

ensured that the PDE5I was indicated primarily to treat ED.

Outcomes

Patient characteristics included age, gender, region, insurance plan, and presence of clinical 

comorbidities (hypertension, dyslipidemia, diabetes, depression, obesity). Treatment patterns 

were reviewed within 6 months of the postindex period. Outcomes reviewed included the 

proportion of patients initially prescribed each PDE5I of interest, switch rates between 

PDE5Is during the 6 months postindex, time to first switch, and any overlapping therapy. 
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Because treatment frequency may be either on demand (tadalafil, sildenafil, and vardenafil) 

or once daily (tadalafil), depending on the frequency of sexual intercourse, a prescription 

switch was chosen as the threshold of continued use. Treatment switch was defined as a 

switch from the initial index PDE5I to another PDE5I within the 6-month postindex 

observation period. Time to switch was defined as the number of days from the index date to 

the date of the first prescription fill of a PDE5I other than the index PDE5I. Overlapping 

therapy refers to patients having ≥2 prescription fills for a different PDE5I brand without 

discontinuation of the index PDE5I. Outcomes were analyzed at 15, 30, 45, and 60 days.

Statistical Analysis

Frequencies and percentages were calculated and reported for categorical endpoints; 

statistical significance was assessed using a chi-square or Fisher exact test. For continuous 

endpoints, summary statistics of mean, standard deviation, median, interquartile range 

(IQR), and minimum and maximum were reported. Statistical significance for the 

comparison of 2 independent comparison groups (ie, switcher vs nonswitcher) was assessed 

using t tests. Multisample comparison groups were evaluated by 1-way ANOVA, whereas 

paired t tests were used for paired-sample comparisons.

Results

Patient Characteristics

A total of 287,035 patients with ≥1 ED diagnosis and 1 PDE5I claim during the study period 

were identified. Of these, 106,206 met inclusion criteria and were included in the analysis; 

51,694, 40,193, and 14,319 patients had initial claims for sildenafil, tadalafil, and vardenafil, 

respectively (Figure 2). Patient characteristics are summarized in Table 1. The overall mean 

age was 50.35 years (SD, 10.69; range 18–96) years, and the mean Charlson Comorbidity 

Score was 0.45 (SD, 1.01). Common comorbidities included dyslipidemia (44.17%), 

hypertension (43.09%), diabetes (15.32%), and depression (10.61%) in the overall group. 

The majority of patients (61.08%) were part of a preferred provider organization (PPO) 

health plan. Patients were most commonly from the South region (35.30%) of the United 

States, followed by the West (22.56%), North Central (20.96%), and Northeast (18.17%) 

regions (P<0.001).

Treatment Patterns

Of 106,206 patients, a higher proportion of patients initiated on sildenafil (51,694 patients, 

48.67%) compared with either tadalafil (40,193 patients, 37.84%) or vardenafil (14,319 

patients, 13.48%) (Figure 3). Patients tended to initiate on higher doses of PDE5I, with the 

majority of patients initiating on sildenafil receiving a 100-mg dose (63.37%) and most of 

those initiating on tadalafil or vardenafil receiving a 20-mg dose (56.05% and 73.82%, 

respectively).

The treatment switching pattern within 60 days following the end of days supply of the 

initial prescription is illustrated in Figure 4. A significantly lower percentage of patients who 

initiated on sildenafil (2.71%) switched to another PDE5I during this time period compared 

with those initiated on tadalafil (2.81%) and vardenafil (3.88%) (P<0.001). Among tadalafil 
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patients switching to another PDE5I, the majority switched to sildenafil; vardenafil patients 

switched in similar proportions to sildenafil or tadalafil. This switch pattern remained 

consistent even after varying the switch window to 15, 30, 45, and 60 days after the first 

PDE5I prescription fill (P<0.001), with a lower percentage of patients switching from 

sildenafil to a different PDE5I (Figure 5).

Treatment overlap was observed in 0.54% of the cohort (Figure 6). A lower percentage of 

patients who initiated on sildenafil had overlapping therapy with another PDE5I compared 

with tadalafil or vardenafil groups (P<0.001). For patients who initiated on tadalafil, 

overlapping therapy was primarily with sildenafil (0.58%); for those initiated on vardenafil, 

equal percentages had overlapping therapy with sildenafil and tadalafil (0.31%, each).

Discussion

ED is a common condition in men and is associated with impairments in quality of life for 

both men and their partners [5]. The current study of data from >106,000 ED patients 

highlighted recent patterns of PDE5I adoption and continuation. Sildenafil was found to be 

the most frequently prescribed of the 3 PDE5Is reviewed, and patients who initiated on 

sildenafil were less likely to switch to or overlap with another PDE5I.

The results from this study are generally consistent with findings from a study we previously 

conducted in the United States using prescription claims for PDE5Is from NCDHealth’s 

Intelligent Health Repository [9]. In that study, 52% of patients receiving sildenafil refilled 

their prescription within 6 months of the initial prescription compared with 30% of patients 

initially receiving vardenafil and 29% of those initially receiving tadalafil (P<0.001) [9]. 

Furthermore, a significantly lower percentage of patients in the sildenafil cohort switched 

medications (6.4%) compared with those receiving vardenafil (10.4%) and tadalafil (9.0%)

(P<0.001) [9].

Strengths of this study included the large sample size of recent ED patients and a data set 

that reflected real-world patient characteristics and treatment patterns over time in the 

United States. The study also had some limitations, including that adherence data were not 

assessed. However, as it is difficult to make meaningful comparisons between adherence 

rates to PDE5Is that are recommended for daily versus on-demand use, instead assessing the 

frequency of treatment switching provided a more direct approach for comparison. The 

reasons for PDE5I choice were also not evaluated. Based on available data, PDE5Is do not 

differ significantly in terms of efficacy and tolerability [11]; however, PDE5Is have differing 

pharmacokinetic profiles (eg, long- vs short-acting, drug-drug interactions, drug-food 

interactions) [12,13], which may impact patient preference [11].

Reasons for initial PDE5I choice and subsequent switching remain topics of continued 

exploration. Baseline characteristics, clinical experience, timing and frequency of 

intercourse, and cost all play important roles in treatment decisions and adherence [13-15]. 

However, as treatment success is determined by patient-reported outcomes, it has been 

suggested that patient preference should ultimately drive treatment choice, with different 

agents being trialed until a preferred treatment is found [15]. Previous studies investigating 
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reasons for patient preference have generated contradictory results [15,16], and therefore 

additional studies are needed to provide further insights.

An additional limitation was that data were collected primarily for claims and may therefore 

have exhibited selection bias. Moreover, analyses of claims data are limited by the time in 

which they are collected, which may affect applicability of results. As such, several changes 

in treatment patterns of ED therapies may have occurred since 2010–2015, the study time 

period, such as novel treatments [17] (eg, low-intensity shockwave therapy [18]) and the 

spread of generics [19]. Updated studies are recommended to further contextualize other ED 

treatment dynamics since the study time period. The studied cohort was also limited to 

patients who see their healthcare provider for ED treatment, who may differ from the entire 

population of ED patients.

Conclusions

This study provides important updates on the details of treatment patterns among men with 

ED in a real-world setting in the United States. Sildenafil was the most frequently prescribed 

PDE5I, and patients initiating with sildenafil had the lowest rates of treatment switching and 

overlap. Further insights into the initial PDEI5 selection and reasons for switching between 

treatments may ultimately help to improve patient experience.
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Figure 1. 
Study period and patient observational period. Diagram indicates enrollment period, data 

coverage period, and dates for first prescription fill and first switch to a different PDE5I. 

PDE5I=phosphodiesterase type-5 inhibitor.
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Figure 2. 
Cohort selection. Flow chart illustrates initial possible patient group, inclusion criteria and 

numbers of qualifying patients prescribed sildenafil, tadalafil, and vardenafil. BPH=benign 

prostatic hyperplasia; ED=erectile dysfunction; ICD-9-CM=International Classification of 

Diseases-9th Revision-Clinical Modification; PAH=pulmonary arterial hypertension; 

PDE5I=phosphodiesterase type-5 inhibitor.
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Figure 3. 
Treatment initiation pattern. Percentages of patients initiating on sildenafil, tadalafil, or 

vardenafil are shown; distribution of initiating dose levels are presented in as pie charts.
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Figure 4. 
Treatment switching pattern. Percentages of patients switching from the initial PDE5I (x-

axis) to other PDE5Is; total percentages switching are shown at the top of each column. 

PDE5I=phosphodiesterase type-5 inhibitor.
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Figure 5. 
Switching pattern within different time periods. Percentages of patients switching from 

initiating PDE5I drug to another PDE5I are shown for 15, 30, 45, and 60 days after initial 

PDE5I prescription. PDE5I=phosphodiesterase type-5 inhibitor.
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Figure 6. 
Treatment overlapping pattern. Percentages of patients with 2 overlapping prescriptions for 

PDE5Is are shown by initial PDE5I prescribed. PDE5I= phosphodiesterase type-5 inhibitor.
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