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Objectives: To characterize the estimated prevalence and treatment patterns of

erectile dysfunction and hypogonadism in men with spina bifida through a large

claims database.

Methods: This retrospective claims study used the MarketScan
®
databases from

2008 to 2017 to compare prevalence estimates for erectile dysfunction and

hypogonadism in men with spina bifida to those in men without spina bifida and

to describe treatment patterns in this cohort.

Results: The estimated prevalence of erectile dysfunction and hypogonadism in

men with spina bifida was 7.83% and 7.71%, respectively. Men with spina bifida

exhibit high rates of smoking andmetabolic comorbidities but are diagnosed less

frequently with erectile dysfunction when controlling for age and metabolic

comorbidities than men without spina bifida. Most men with spina bifida and

erectile dysfunction (66.6%) or hypogonadism (77.4%) do not receive treatment.

However, a diagnosis of spina bifida did not appear to affect the likelihood of

treatment for either condition on multivariate analysis.

Conclusions: Men with spina bifida are known to be at high risk for erectile

dysfunction but may be diagnosed or treated less frequently than age and

disease-matched men without spina bifida. Hypogonadism is diagnosed more

frequently in men with spina bifida, which is a new finding that warrants further

investigation. Most men with SB and either ED or HG do not receive treatment.

The results suggest there is potential for improving care delivery for sexual health

issues in men with spina bifida.
KEYWORDS

spina bifida (SB), erectile dysfunction, hypogonadism, health disparities,
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Introduction

Spina bifida (SB) is among the most common disabling

congenital disorders in the United States, with an estimated

national prevalence of 3.5 per 10,000 live births (1). Men with SB

have many chronic health and occupational needs, which may

result in undertreatment of sexual health issues by both patient and

provider. Despite the recognized importance of sexual health, little

is known about the diagnosis and management of erectile

dysfunction (ED) and hypogonadism (HG) in this population.

Observational data indicates that erectile dysfunction (ED) in

the SB population is highly prevalent (32 to 94%) and often

responsive to phosphodiesterase-5 (PDE5) inhibitor therapy, yet

sexually active men with SB rarely receive treatment (2, 3). Despite

this high prevalence, treatment utilization in men with SB has yet to

be quantified on a large scale. One possible reason for

underdiagnosis and treatment may be due to physicians’ implicit

bias about sexuality in patients with physical disability. Often there

is a societal assumption that people with physical disabilities are

incapable of sexual activity or lack sexual interest (4).

Similarly, the burden of hypogonadism (HG) in the SB

population also remains largely unknown. Small case series have

provided conflicting data on the burden of this disease in men with

SB, though more robust descriptions are needed (5, 6).

Furthermore, the rate of testosterone supplemental therapy (TST)

in this population has never been reported, representing a critical

gap in the literature.

The absence of high-volume data to guide care for these patients

was noted in the most recent iteration of the SB healthcare

guidelines (supported by the Spina Bifida Association) (7). These

guidelines acknowledged the lack of formal recommendations on

men’s health issues in SB, further emphasizing the need for research

in this area. Given the paucity of registries that would enable large

granular research into these sexual health topics, there remains an

unmet need for robust, population-level data to better characterize

these sexual health concerns.

To address this gap, our study employed a large insurance

claims database to quantify the burden of ED and HG in men with

SB and to evaluate the rates of treatment utilization among a more

realistic and generalizable population. We hypothesized that men

with SB would have higher rates of ED and HG compared to the

general adult male population, and a lower rate of treatment

utilization. In addition, we hypothesize a diagnosis of SB may

impact treatment utilization for ED and HG in two aspects: 1)

the likelihood of receiving treatment overall, and 2) the differences

in treatment types among SB patients with varying disease severity.
Materials and methods

This study was a cross-sectional observational study based on

an analysis of de-identified insurance claims data from 2008 to 2017

in the MarketScan® (MS) research databases, which are

pooled from large employers, managed care organizations,
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hospitals, and public organizations. The MS databases contain

medical and prescription claims for US individuals who have

employer-sponsored health insurance, including Medicare

supplemental coverage.

All men in Market Scan aged 18 years and over in the general

population and those with a diagnosis of SB were identified for

analysis. Associated hydrocephalus or tethered cord syndrome was

queried for patients with SB. The earliest date (if any) of ED and HG

was found using ICD-9-CM or ICD-10-CM diagnostic codes,

excluding patients with congenital hormonal disorders. Each

patient’s region, employment status, data type, insurance plan

type, and specific metabolic comorbidities or risk factors were

assessed. Therapy utilization was assessed using National Drug

Codes for pharmacotherapies for ED or HG and Current

Procedural Terminology (CPT) codes for penile prosthesis.

Supplementary Table 1 details specific inclusion and exclusion

diagnostic and therapeutic codes.

Prevalence comparisons for ED and HG between the SB and

general populations were computed. Due to high rates of

overdispersion in the initial Poisson model, a negative binomial

regression of the count of ED or HG patients against region, age

group, SB, number of risk factors, and year was performed. The

presence of HG was included as an additional covariate in the ED

prevalence model. A three-way interaction between SB, age group,

and the number of risk factors was tested to assess the modulating

effect of SB on ED/HG prevalence within various age/risk factor

strata. The total number of people in the at-risk population was

included as an offset (Supplementary Table 2). Separate models

were calculated for ED and HG.

An ANOVA was used on the ED and HG models to estimate

whether the interaction of SB, age, and other relevant risk factors

explained the observed variation. To more directly investigate the

modulating effect of SB on age/risk factor influence of ED/HG

prevalence, a series of reduced/stratified negative binomial models

were calculated. The reduced model included risk factor, region,

and year as cofactors (as well as HG for the ED model) while

excluding age and SB. A series of models were run within each risk

factor stratum where SB was re-included as a cofactor. The

incidence rate ratios for ED and HG within specific metabolic

risk factor and age group strata between the general population and

the SB population were reported.

Variation in ED and HG treatment utilization was evaluated in

two ways: 1) whether SB affected the likelihood a person would

receive treatment, and 2) whether there was variation among SB

patients in the form of treatment they received. For the first analysis,

a Cox proportional hazards model for time from diagnosis to

treatment was calculated, with age group, region, year of

diagnosis, number of risk factors, and presence of SB as cofactors.

Patients were censored at the time they dropped out of the

MarketScan database (median follow-up time for censored ED

patients = 759 days, HG patients = 493 days). For the second

analysis, SB patients diagnosed with ED or HG were categorized

into the form of treatment they received and Chi-square tests were

applied to evaluate variation in treatment type across several clinical
frontiersin.org
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and demographic parameters. No adjustment was made for

multiple comparisons. Supplementary Table 1 lists the specific

treatments considered in these analyses. All analyses were

completed in R (version 4.0.2, R Core Team).
Results

A total of 59,554,599 men over the age of 18 years were

identified in MarketScan over the years 2008 to 2017. Of these,

there were 2,476,609 (4.16%) men diagnosed with ED and 1,892,607

(3.18%) diagnosed with HG. There were 11,548 (0.019%) men with

SB, of which 904 (7.83%) men had ED, 890 (7.71%) men had HG,

and 262 (2.27%) had both ED and HG (Table 1). Men with SB

showed a higher rate of metabolic comorbidities and risk factors,

including smoking, obesity, hypertension, diabetes, hyperlipidemia,

and vascular and ischemic heart disease, compared to the general

population. This trend was also evident among men diagnosed with

SB and either ED or HG as compared to men with SB alone. The
Frontiers in Urology 03
proportion of men with SB who were revealed to have 3 or more

metabolic risk factors was 48.2% among those diagnosed with ED

and 50.2% among those diagnosed with HG (Table 2).

There was a significant three-way interaction between SB, age

group, and number of risk factors for ED prevalence (p < 0.001).

Compared to the adult male population without SB, when

controlling for age or number of comorbid metabolic risk factors,

a lower incidence rate ratio was observed for ED within the SB

population across all groups except in the 65-74 years and ≥75 years
TABLE 1 Characteristics of adult men with and without SB.

Characteristic SB No. (%) Without SB No. (%)

Age group (years)

18 – 34 4635 (40.5) 21,735,248 (36.5)

35 – 44 2345 (20.5) 11,276,955 (19.0)

45 – 54 2050 (17.9) 11,418,105 (19.2)

55 – 64 1616 (14.1) 10,206,269 (17.1)

65 – 74 503 (4.4) 3,007,386 (5.1)

≥75 295 (2.6) 1,899,205 (3.2)

Risk factors

Smoking 1971 (17.2) 4,315,417 (7.3)

Obesity 1644 (14.4) 3,553,523 (6.0)

Hypertension 4810 (42.0) 14,904,537 (25.0)

Diabetes 1595 (13.9) 5,577,275 (9.4)

Hyperlipidemia 4323 (37.8) 15,857,172 (26.6)

Peripheral vascular disease 1819 (15.9) 2,435,797 (4.1)

Cerebrovascular disease 1396 (12.2) 2,254,491 (3.8)

Ischemic heart disease 1301 (11.4) 4,134,317 (6.9)

No. of risk factors

0 3716 (32.2) 35,797,966 (60.1)

1 2758 (23.9) 9,263,662 (15.6)

2 2034 (17.6) 6,422,247 (10.8)

3+ 3040 (26.3) 8,059,293 (13.5)

Erectile dysfunction 904 (7.9) 2,476,609 (4.2)

Hypogonadism 890 (7.8) 1,892,607 (3.2)

Total 11444 59,543,168
TABLE 2 Characteristics of adult males with SB, ED, and HG.

Characteristic
SB & ED
No. (%)

SB & HG
No. (%)

SB overall
No. (%)

Age group (years)

18 – 34 138 (15.3) 180 (20.2) 5092 (44.1)

35 – 44 211 (23.3) 237 (26.6) 2364 (20.5)

45 – 54 240 (26.6) 241 (27.1) 1993 (17.3)

55 – 64 225 (24.9) 182 (20.5) 1455 (12.6)

65 – 74 69 (7.6) 42 (4.7) 397 (3.4)

≥75 21 (2.3) 8 (0.9) 247 (2.1)

Risk factors

Smoking 229 (25.3) 197 (22.1) 1986 (17.2)

Obesity 208 (23.0) 264 (29.7) 1665 (14.4)

Hypertension 559 (61.8) 580 (65.2) 4844 (42.0)

Diabetes 215 (23.8) 214 (24.0) 1610 (13.9)

Hyperlipidemia 577 (63.8) 588 (66.1) 4366 (37.8)

Peripheral
vascular disease

212 (23.5) 165 (18.5) 1836 (15.9)

Cerebrovascular
disease

167 (18.5) 165 (18.5) 1407 (12.2)

Ischemic
heart disease

186 (20.6) 177 (19.9) 1320 (11.4)

No. of risk factors

0 104 (11.5) 112 (12.6) 3716 (32.2)

1 171 (18.9) 150 (16.9) 2758 (23.9)

2 193 (21.4) 181 (20.3) 2034 (17.6)

3+ 436 (48.2) 447 (50.2) 3040 (26.3)

Hydrocephalus 344 (38.1) 391 (43.9) 4671 (40.5)

Tethered cord 61 (6.8) 60 (6.7) 570 (4.9)

Bladder management

Indwelling catheter 20 (2.2) 12 (1.4) 247 (2.1)

Intermittent
catheter

120 (13.3) 89 (10.0) 1705 (14.8)

External catheter 9 (1) 8 (0.9) 95 (0.8)

None or unknown 771 (85.3) 791 (88.9) 9664 (83.7)

Total 904 890 11548
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age groups. In these age groups, the incidence rate ratio was similar

in the 65-74 years age group and higher in men with SB in the ≥75

years age group (Figure 1). HG prevalence was higher in the adult

male population with SB in the 45-74 years age group as compared

to men without SB, and similar in both populations across risk

factor number. There was no significant interaction (p = 0.198)

between SB, age group, and risk factor number in HG

prevalence (Figure 2).

Of the 904 men with SB and ED, 602 (66.6%) did not receive

treatment. In a multivariate analysis controlling for region, age

group, number of metabolic risk factors, year of index diagnosis,

plan type, and employment status, a diagnosis of SB did not

independently increase or decrease the likelihood of receiving

treatment for ED relative to the general population (HR 0.992;

95% CI 0.884 – 1.113, p = 0.888) (Supplementary Table 3). The

most common form of treatment among the SB population was a

PDE5 inhibitor (n = 289, 32.0%). Only a very small proportion of

men with SB received intraurethral alprostadil (n = 3, 0.33%),

intracavernosal injections (n = 9, 1.0%), or penile prosthesis (n = 7,

0.77%) (Supplementary Table 4). There was significant variation

among men with SB and ED in the form of treatment they received

based on employment status (p < 0.001).

Of 890 men with SB and HG, 689 (77.4%) did not receive

treatment with TST. In a multivariate analysis controlling for
Frontiers in Urology 04
region, age group, number of metabolic risk factors, year of index

diagnosis, plan type, and employment status, a diagnosis of SB did

not independently increase or decrease the likelihood of receiving

treatment for HG relative to the general population (HR 1.039; 95%

CI 0.934 – 1.155) (Supplementary Table 5). The most common

form of treatment was injectable testosterone (n = 186, 20.9%),

followed by topical testosterone (n = 16, 1.8%). There were no

records of men with SB receiving clomiphene citrate. There was

significant variation among men with SB and HG in the form of

treatment they received based on age group (p < 0.001), region (p =

0.04), and employment status (p < 0.001) (Supplementary Table 6).
Discussion

Using a large medical claims database, this study estimated the

prevalence of ED in the insured adult male SB population to be

7.83%, compared to 4.16% among adult men without SB. The

estimated rate of ED in the adult male population in this study is

generally consistent with prior published data validated in large

claims databases: 5.6% (MarketScan, 2009 - 2014) and 6.9%

(Humedica EHR, 2007 – 2014) (8). The incidence rates for ED in

adult men and adult men with SB were compared. Although the

unadjusted rate of ED diagnosis in men with SB was higher than in
FIGURE 1

Panel (A) IRR for ED across age groups. Panel (B) IRR for ED across number of metabolic risk factors.
FIGURE 2

Panel (A) IRR for HG across age groups. Panel (B) IRR for HG across number of metabolic risk factors.
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the general population, the magnitude of the difference was much

less than was anticipated, especially in the context of the high rates

reported in prior cohort studies of men with SB. Among prior

cohort studies, the prevalence of ED ranges from 32% to 94% and

correlates with penile sensation, level of dysraphism, and

ambulatory status (2, 9–11). One study that objectively assessed

erectile function by nocturnal penile tumescence recording

displayed abnormal nocturnal erections in 13 of 15 (87%) men

with SB (12). Furthermore, adjusting for age group and number of

comorbidities exacerbated this discrepancy, such that ED was

diagnosed less frequently in men with SB than in men without SB.

Although the SB group had a higher prevalence of metabolic

risk factors, which are typically linked to higher rates of ED and HG,

our findings did not align with this expected trend. The lower-than-

expected prevalence of ED in men with SB in this study, compared

to prior reports, may raise the possibility of underdiagnosis in this

at-risk group. This gap may also be explained by limitations of the

database itself, with selection bias toward patients with less severe

forms of SB. Given the employer-based insurance coverage included

within this dataset, the subset of men with SB captured in

MarketScan is likely to represent a “best-case scenario” for

resources. The use of a private insurance database, in a

population that primarily utilizes public insurance, may limit the

representation of spina bifida patients with less favorable outcomes

or greater socioeconomic disparities. Additionally, those on private

insurance often have better continence and ambulatory abilities

(13). Therefore, this subset may have less neurologic impairment

compared to prior historical cohort studies and possibly be at lower

risk for ED.

This study underscores the impact of data source selection on

prevalence research, as the choice of data sources can significantly

influence our understanding of disease prevalence in at-risk

populations. Relying on private insurance datasets that primarily

reflect individuals with better access to resources may obscure the

true prevalence of erectile dysfunction (ED) and hypogonadism in

these populations, leading to an overly optimistic view of disease

prevalence. To address this issue, future research could consider

utilizing institutional series, which would potentially provide a

more accurate representation of prevalence and health outcomes

related to ED and hypogonadism in patients with spina bifida.

Still, we demonstrate that compared with the general

population, men with SB in this cohort have significantly more

risk factors for ED (Table 1). The proportion of men with SB who

are diagnosed with 3 or more risk factors is nearly double the

general population, and the rate of smoking is more than twice the

general population. In light of the increased number of risk factors,

we expected a higher burden of ED than was observed, even in the

absence of any neurologic consideration. The nature of the

MarketScan database does not allow us to establish the cause for

this finding. Our findings suggest that further research is needed to

identify whether there is an unmet need in achieving

comprehensive care for adult men with SB. At a minimum, this

analysis can inform counseling of men with SB with regards to

smoking cessation and treatment of metabolic comorbidities and is
Frontiers in Urology 05
a call to action for improved care focused on the sexual and

reproductive needs of men with SB.

Among men with SB in our study who were diagnosed with ED,

approximately 66% did not receive treatment, and only 2.1%

received treatment other than PDE5 inhibitors (Supplementary

Table 4). This treatment proportion is somewhat higher than

estimates for the general population derived from large claims

databases (74.6% “untreated”, IMS Health, 2011) (14). The low

utilization of treatments such as intracavernosal injection therapy

or penile prosthesis may either reflect the high efficacy of PDE5

inhibitors in this population or a lower propensity for providers to

offer or seek these therapies among men with SB. Additionally, prior

studies have shown that treatment for ED is often not covered in

health benefits packages offered by employer-based health

insurance plans, creating a financial deterrent to treatment of ED

(15). The finding of significant variation in treatment modality with

respect to employment status is interesting and may correlate with

high-functioning status, but low overall number in each category

limits broader interpretation of this analysis.

In the present study, the prevalence of HG in men with SB is

estimated to be 7.71%, compared to 3.18% in the overall adult

male population. This is a new, large-scale finding, as only one

prior study has reported on testosterone levels in a small number

of men with SB, concluding that the majority exhibited normal

levels (6). More specifically, HG was diagnosed more frequently in

men with SB than the general population in the 45-54, 55-64, and

65-74 years age groups. HG was also diagnosed more frequently in

the SB population when 3 or more metabolic risk factors were

present. Among men with SB and HG, 77.4% did not receive

treatment. Despite the paucity of data on HG in men with SB,

there are several small studies investigating azoospermia and

fertility, suggesting a neurologically mediated deficit in

spermatogenesis in men with SB (5). Yet whether HG

contributes to poor semen parameters observed in men with

spinal dysraphism is largely undescribed. Our finding of an

increased rate of HG in men with SB has several possible

explanations. Aside from the possibility of intrinsic pathology

specific to SB, there is a high rate of metabolic comorbidities (i.e.

those linked to metabolic syndrome) in the SB population, which

dispose men toward low testosterone. These risk factors are often

modifiable, which highlights an opportunity for counseling and

greater coordination of care for these men. Men with SB who

exhibit symptomatic hypogonadism may benefit from TST, which

may also improve metabolic parameters (16–18). Additionally,

although spinal insults play a larger role in the ED seen in patients

with SB, it can also be of a neurovascular etiology, thus addressing

and treating hypogonadism can have some small clinical benefit

(19, 20).

Strengths of this study include the use of a large medical claims

database, which improves the ability to capture observational data

for patients with a rare condition. These databases are generated

from service-level claims and prescriptions originating from a wide

array of sources, including employers, health plans, and state

health agencies.
frontiersin.org

https://doi.org/10.3389/fruro.2025.1500839
https://www.frontiersin.org/journals/urology
https://www.frontiersin.org


Fortingo et al. 10.3389/fruro.2025.1500839
This study has several limitations. There are multiple challenges

related to claims-baseddata, accuracy of coding, and generalizability of

results tomenwith insurance types not captured in these databases. As

stated previously, there is likely a selection bias in the subset of the SB

population captured in MarketScan due to the nature of the data

sources. In particular, this dataset primarily includes individuals with

employer-based private insurance, which may not fully represent the

broader SB population, especially those with greater disease burden

who rely on public insurance. Additionally, in the SB population, there

was insufficient detail in diagnostic coding to evaluate the effect of the

level of dysraphismand the bladdermanagementmethod could not be

reliably discerned via durable medical equipment codes. However, by

using the presence of hydrocephalus or tethered cord as proxies for

greater neurologic impairment, we did not identify a noteworthy

difference in the prevalence of ED in men with SB, regardless of the

presence of these conditions (Table 2). With respect to the analysis of

hypogonadism in men with SB, several other potential risk factors

(undescended testis, renal failure, steroid use, and opioid use, etc.)

could not be assessedwithin the scope of this study butwarrant further

investigation. Moreover, this study relies on the accuracy of

hypogonadism diagnoses as documented by clinicians rather than a

standardized biochemical definition, which may introduce variability

in case identification.

Despite these potential weaknesses, this study provides an

important objective assessment of sexual health disorders in a

vulnerable and poorly characterized cohort, highlighting key areas

for further research.
Conclusion

Prior cohort studies have reported a high prevalence of ED in

men with SB. In this analysis of a large claims database, the observed

prevalence of ED was lower than previously documented, which

may reflect differences in study populations or potential

underdiagnosis in this at-risk group. Additionally, most men with

SB and ED did not receive documented treatment. The prevalence

of HG also appeared higher in men with SB compared to those

without SB, which may be associated with a higher burden of

metabolic comorbidities and risk factors in this population.

However, the nature of the dataset limits our ability to determine

underlying causes for these patterns. The low rate of treatment for

HG in men with SB warrants further exploration. Future research is

needed to better characterize the factors contributing to these

findings and to assess potential gaps in the diagnosis and

management of sexual health conditions in men with SB.
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