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Abstract
Introduction—The presence of erectile or ejaculatory dysfunction may indicate physical problems;
however, individual perceptions (e.g., sexual satisfaction) may reflect the degree of concern about
these changes. Long-term data showing how changes in multiple sexual function domains track
together may be useful in understanding the importance of physical declines vs. sexual satisfaction.

Aim—The aim of this study was to describe changes in sexual function among a population-based
sample of aging men.
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Methods—A population-based cohort study using data from the Olmsted County Study of Urinary
Symptoms and Health Status among Men. Sexual function was assessed biennially from 1996 to
2004 using a previously validated questionnaire in a random sample of 2,213 men.

Main Outcome Measures—Changes in erectile function, libido, ejaculatory function, sexual
problems, and sexual satisfaction.

Results—Overall, we observed declines in all of the sexual function domains, ranging from an
annual decrease of 0.03 point per year for sexual satisfaction to an annual decrease of 0.23 point per
year in erectile function. Moderate correlations were observed among all longitudinal changes in
sexual function (range in age-adjusted rs = 0.14–0.43); however, significantly smaller correlations
between changes in the functional domains and changes in sexual satisfaction and problem
assessment were observed among older men (range in age-adjusted rs = 0.03–0.29).

Conclusion—Overall, these results demonstrate that longitudinal changes in five sexual function
domains change together over time in our community-based cohort. Erectile function, ejaculatory
function, and sexual drive decrease over time with greater rates of decline for older men. However,
older men may be less likely to perceive these declines as a problem and be dissatisfied. These data
may prove helpful to patients and clinicians in understanding and discussing changes in multiple
aspects of sexual function.
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Introduction
Erectile dysfunction (ED) is a common problem associated with aging [1–3], and it is estimated
that there will be 322 million men worldwide with ED by 2025 [4]. The focus of much of the
research into male sexuality has been on ED, especially with the introduction of
phosphodiesterase-5 (PDE-5) inhibitors [5–8]. However, sexual function encompasses
multiple domains including erectile function, sexual drive, ejaculatory function, and overall
concern about sexual function and sexual satisfaction. In order to obtain a more complete
picture of sexual function, all of these domains must be examined [9,10].

Despite the interest in male sexual function, little is known about the natural history of male
sexual function in the community [11]. Cross-sectional studies in community cohorts show a
decrease in sexual function as age increases [10,12–14]. There are several possible reasons for
this decline, including the development of lower urinary tract symptoms [15–19]; urogenital
pain [20]; decreases in androgen levels [21,22]; and development of comorbid conditions, such
as diabetes [23], cardiovascular disease [24,25], and obesity [26], as well as lifestyle factors,
such as smoking [27]. These cross-sectional declines in sexual function suggest longitudinal
declines as well; unfortunately, there are limited longitudinal data.

The earliest longitudinal studies (Duke longitudinal studies) [28,29] of sexual function in aging
men implied cross-sectional age trends may be confounded by variation in cohorts [30]. The
potential limitations of these initial longitudinal studies have previously been discussed [30].
Briefly, the potential limitations include: (i) the relevance of data to modern trends in sexual
behavior; (ii) the restrictive sample size used in the data analysis; and (iii) lack of data on all
the domains encompassed by sexual function [30]. More recently, the Massachusetts male
aging study (MMAS) has observed an increased incidence of ED in aging men [2], longitudinal
declines in sexual function [30], and a natural progression and remission of ED [31]. In this
cohort, the overall risk of ED was calculated at 26 cases per 1,000 men annually, increasing
with age, lower education, and comorbidities, including diabetes, heart disease, and
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hypertension. With regard to sexual function, their study found significant longitudinal declines
in sexual intercourse, erection frequency, sexual desire, satisfaction with sex, and increasing
difficulty with orgasm. Their study also documented the natural remission and progression of
erectile function in a large number of men, which was associated with body mass index (BMI),
as well as smoking and general health status. This information has contributed substantially to
our continued understanding of sexual function, particularly ED; however, it has been limited
to only two measurements per man. The Krimpin study [32] has examined predictors of
ejaculatory dysfunction in a community-based Dutch population. They observed a cumulative
incidence of ejaculatory dysfunction of 33.1% after 6.5 years of follow-up, which was
associated with age, social impairment, and ED.

While these studies have observed declines in sexual function associated with aging, they have
not assessed how changes in the sexual function domains track together over time. The presence
of ED or ejaculatory dysfunction may indicate physical declines; however, individual
perception (e.g., personal assessment of sexual satisfaction) may reflect the concern about these
changes. Therefore, we took advantage of the substantial number of years of follow-up, with
up to five measurements per man, to determine longitudinal changes in five sexual function
domains and to assess the associations among changes in these measures over time using data
from the cohort of men participating in the Olmsted County Study of Urinary Symptoms and
Health Status among Men.

Methods
Study Population

Olmsted County Study of Urinary Symptoms and Health Status among Men is an ongoing
cohort study of urological conditions in a community population of men. Details of the study
have been previously published [33,34]. Briefly, a cohort of Caucasian men 40–79 years old
was randomly selected from an enumeration of the 1990 Olmsted County, MN population
[35]. Men who had a history of prostate or bladder surgery, urethral surgery or stricture, or
medical or other neurological conditions that could affect normal urinary function were
excluded. After excluding men with these preexisting conditions, 3,874 men were asked to join
the study, and 2,115 (55%) agreed to participate and completed a previously validated
questionnaire.

The cohort was actively followed on a biennial basis for 14 years using a protocol similar to
the initial examination. During the second and third round of visits, men who did not participate
in the follow-up were replaced by men randomly selected from the community after being
screened for the exclusion criteria used at baseline (total cohort N = 332). Since that time, the
study has been maintained as a closed cohort. This study received approval from the Mayo
Clinic and Olmsted Medical Center Institutional Review Boards.

Sexual Function Questionnaire
The brief male sexual function inventory (BMSFI) was incorporated into the follow-up
questionnaire in 1996 and biennially thereafter (Figure 1) [9,10]. This previously validated
questionnaire consists of 11 items related to five sexual function domains: sexual drive (two
questions), erectile function (three questions), ejaculatory function (two questions), sexual
problem assessment (three questions), and overall sexual satisfaction (one question). All
questions were scored on a scale from 0 to 4 with domain scores equaling the sum of the
individual questions comprising the domain. The domain scores range from 0 to 4 for overall
sexual satisfaction, 0–8 for sexual drive and ejaculatory function, and 0–12 for erectile function
and sexual problem assessment. For categorical analysis, the following cut-points were used
to define sexual dysfunction: low libido if the sexual drive domain ≤2, ED if the erectile

Gades et al. Page 3

J Sex Med. Author manuscript; available in PMC 2010 May 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



function domain ≤3, ejaculatory dysfunction if the ejaculatory domain ≤2, perceived sexual
problems if the problem assessment domain ≤3, and low sexual satisfaction if the sexual
satisfaction domain ≤1 [20,23].

Other Patient Characteristics
Additional baseline characteristics were also assessed, including demographics, presence of
comorbidities, and the availability of a regular sexual partner. Demographic measures assessed
in the baseline questionnaire included education level and employment status. Medical
comorbidities included self-report of diabetes, hypertension, and smoking status, and electronic
ascertainment of coronary heart disease from the Mayo Clinic Medical Index [36]. Information
on the use of PDE-5 inhibitors, medical and surgical BPH treatments, and prostate cancer
diagnoses was obtained through self-report and through passive follow-up of the community
medical records.

Statistical Analyses
To assess the natural history of sexual function, observations after treatment for ED or BPH,
and diagnosis of prostate cancer were censored. Incidence rates for each sexual function domain
were estimated by dividing the number of events by person–time of follow-up [37]. Follow-
up was from the date of the baseline questionnaire assessing sexual function to the first
occurrence of meeting the criteria for sexual dysfunction or the date of the last follow-up
questionnaire. Rates are expressed as the incidence per 1,000 person-years, and 95%
confidence intervals were computed assuming a Poisson error distribution. The cumulative
incidence for each sexual dysfunction was plotted by age at diagnosis.

Linear mixed-effects regression models were used to estimate annual longitudinal changes in
each sexual function domain by regressing each measure on the time from initial sexual
function questionnaire and 10-year age groups. An interaction term was included to allow for
different slopes across age groups. Additional models for each baseline characteristic (regular
sexual partner, ED, education level, smoking status, and presence of comorbidities) included
the baseline characteristic and an interaction with time from the initial sexual function
questionnaire term to allow for comparison of slopes across the levels of the baseline
characteristic. An overall annual change for each man was determined by combining the
average longitudinal changes (fixed effects) with the individual changes (random effects)
[38,39]. The maximum likelihood methodology used in mixed model analysis implicitly
averages over the predictive distribution for missing data; therefore, no further imputing was
performed.

Spearman rank correlation coefficients were used to describe the relationship between annual
changes in sexual function domains. Partial correlations were calculated controlling for the
confounding effects of age on these relationships. Age-stratified correlations were also
calculated with men categorized 40–59 and ≥60 years of age.

Results
Of the 2,213 men who participated in the study during or after 1996, 2,087 (94%) responded
to the sexual function questions at least once. After censoring, 1,827 (83% of 2,213) men
remained available for analyses (mean age at baseline = 58.39 years; standard deviation =
10.21). The baseline characteristics of the study population are shown in Table 1. The person-
years of follow-up ranged from 8,357 years for the sexual satisfaction domain to 9,815 years
for the sexual problem assessment domain (Table 2). The incidence of ED increased nearly
20-fold from 6/1,000 person-years for men in their 40s to 118/1,000 person-years for men in
their 70s (Table 2). Similar increases were observed for low libido and ejaculatory dysfunction.
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The incidence of perceived sexual problems showed less increase with age (Figure 2), with an
approximately sixfold increase from 7/1,000 person-years for men in their 40s to a rate of
41/1,000 person-years for men in their 70s (Table 2). The incidence of low sexual satisfaction
was greater for men in their 40s and 50s (rate of 23/1,000 person-years and 31/1,000 person-
years, respectively) than the incidence of the functional sexual domains (among 40 year olds,
6/1,000 reported ED and 4/1,000 reported ejaculatory dysfunction) (Figure 2).

There was a significant rate of decline (points/year) in all of the sexual function domains,
ranging from an annual decrease of 0.03 point per year for sexual satisfaction to an annual
decrease of 0.23 point per year in erectile function (Table 3). Older men experienced larger
annual declines in erectile function, sexual drive, and ejaculatory function compared to younger
men. However, younger men experienced larger annual increases in perceived sexual problems
compared to older men, and changes in sexual satisfaction did not differ by age group. Men
who did not have a regular sexual partner at baseline experienced smaller annual declines in
all sexual function domains compared to those who did have a sexual partner (Table 3). Similar
results were seen when the analysis was limited to men who had no change in their partner
status during follow-up (data not shown). Men who had ED at baseline experienced smaller
declines in all sexual function domains compared to men who did not have ED at baseline
(Table 3). Other baseline characteristics, including education level; smoking status; and
presence of diabetes, hypertension, or coronary heart disease, were not significantly associated
with the rate of decline in sexual function (data not shown).

Moderate age-adjusted correlations were observed among all longitudinal changes in sexual
function domains (Table 4). Change in erectile function was significantly correlated with
change in all other sexual function domains (range in age-adjusted rs = 0.32–0.43). The weakest
correlations were observed between change in sexual drive and change in both sexual problem
assessment and sexual satisfaction (age-adjusted rs = 0.14 and rs = 0.16, respectively).

Correlations among changes in erectile function, sexual drive, and ejaculatory function were
consistent across age groups (40–59, ≥60) (Table 5). Among men in their 40s and 50s, declines
in erectile function, ejaculatory function, and sexual drive were moderately correlated with
worsening problem assessment and increasing sexual dissatisfaction (range in age-adjusted
rs = 0.24–0.51). However, significantly smaller correlations between these measures, and
sexual satisfaction and problem assessment were observed among older men (range in age-
adjusted rs = 0.03–0.29), suggesting that while sexual function may worsen among these men,
older men may be less likely to perceive this as a problem and be dissatisfied compared to
younger men (Table 5).

Discussion
In this study, we observed longitudinal declines in five measures of sexual function with greater
declines for men who were older, who had a regular sexual partner at baseline, and who did
not have ED at baseline. Our data also indicate that the annual declines in erectile function,
ejaculatory function, and sexual drive track together. However, changes in the sexual problem
assessment and changes in sexual satisfaction were less correlated with changes in the
functional domains among older men, suggesting a possible acceptance of declines in sexual
function with aging for some men.

Interestingly, the longitudinal rates of decline in sexual function were similar to those observed
in this cohort cross-sectionally at baseline [10] with observed cross-sectional declines (points
per year of age) of −0.21, −0.12, −0.10, −0.09, and −0.02 for erectile function, sexual drive,
ejaculatory function, sexual problem assessment, and sexual satisfaction, respectively.
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We observed age-related increases in the incidence of all five measures of sexual dysfunction.
The overall crude incidence rate for ED in the MMAS [2] was very similar to our incidence
rate for ED, with 26 cases per 1,000 years compared with 28 cases per 1,000 years, respectively.
However, caution must be made in making this comparison as both studies reported strong
age-related declines in sexual function, and the men in our study were older at baseline (43–
87 years vs. 40–69 years at baseline in the MMAS). The MMAS reported an increased
incidence of ED in aging men with a rate of 12.4/1,000 for men ages 40–49, 29.8/1,000 for
men ages 50–59, and 46.4/1,000 for men ages 60–69 [2]. These rates are much greater than
the age-specific rates of ED that we observed. These rate differences could be caused by
differences in risk factors among the two populations; for example, the percentage of current
smokers was 24% in the MMAS sample compared with 11% in ours.

We observed that men who did not have a regular sexual partner at baseline experienced smaller
annual declines in all sexual function domains compared to those who did have a sexual partner.
We had also noted significantly higher baseline levels of erectile function, sexual drive,
ejaculatory function, and sexual satisfaction for men with a regular sexual partner [10], and
therefore larger declines would be possible. Additionally, there may be more opportunity to
observe a natural decline in those men who have a regular sexual partner and have been sexually
active.

Men who had ED at baseline experienced less additional decline in all sexual function domains
compared to men with normal erectile function at baseline. By definition, men who had ED at
baseline had low initial erectile function domain scores, and the maximum decline in erectile
function would be limited. Travison et al. [31] has also shown that some men with sexual
dysfunction will experience improvement in their symptoms (35% of men with ED experienced
a natural remission over time). Additionally, as there were strong correlations among the sexual
function domains at baseline [10], men with ED at baseline may have also had lower initial
scores in the other sexual function domains, and therefore limited maximum declines.

Unlike the MMAS studies, we did not observe differences in age-adjusted rates of decline in
sexual function for levels of a number of baseline characteristics [31]. For example, the MMAS
showed a higher incidence of ED for treated or untreated diabetics, men with treated heart
disease, and men with treated hypertension [2]. In addition, Travison et al. [31] showed that
the progression of ED was associated with aging, smoking, higher BMI, and worse general
health. In our previous studies, we have observed cross-sectional associations between diabetes
[23], smoking [27], and androgen levels [21] and sexual dysfunction, which support the idea
that there are modifiable risk factors that lead to the development of sexual dysfunction.
However, longitudinally, men with these characteristics at baseline did not have greater
declines compared to those without these characteristics. It is possible that while these factors
are associated with an increased risk of developing sexual dysfunction, once the dysfunction
is present, the continued rate of decline does not differ from those without these factors.

The MMAS [30] also evaluated changes in sexual satisfaction. They reported a baseline score
of 2.6 and a follow-up score of 2.3 over an average of 8.8 years of follow-up, for an approximate
average decline of −0.03 point per year. Our study also observed an average decline of −0.03
point per year, which was consistent across age groups. Therefore, our studies have very similar
results with regard to the change in sexual satisfaction scores.

Our results indicate that annual changes in erectile function, ejaculatory function, sexual drive,
sexual problem assessment, and sexual satisfaction track together longitudinally. Overall, we
observed moderate age-adjusted correlations between changes in erectile function and changes
in all other sexual function domains. While the correlations between some of the sexual
function domains were modest, we did observe stronger correlations for 40- to 59-year-old
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men than older men. Specifically, our data indicate that there may be an acceptance of sexual
problems for some older men. For example, while the incidence of ED, low libido, and
ejaculatory dysfunction showed strong increases with age, the incidence of perceived sexual
problems was one-third, and the incidence of sexual dissatisfaction was one-half that of other
domains for men ≥70. Second, older men experienced larger annual declines in erectile
function, sexual drive, and ejaculatory function compared to younger men; however, younger
men experienced larger increases in perceived sexual problems, and the rate of decline in sexual
satisfaction was constant across age. Finally, the correlation between changes in sexual
problem assessment and changes in sexual satisfaction with changes in the functional sexual
domains was significantly decreased for older men. Other studies have suggested that older
people place less importance on sex, possibly because of factors associated with aging, such
as increased health problems [40,41] or loss of a regular sexual partner [42].

Conversely, in younger men, even though the incidence of functional sexual problems was low
(among the 40–49 year olds, 6/1,000 reported ED and 4/1,000 reported ejaculatory
dysfunction), the rate of low sexual satisfaction was high (23/1,000). Factors other than actual
sexual function, such as depression, unrealized expectations, and heavy snoring could be
contributing to increased dissatisfaction for these younger men [43–45].

There are several strengths of this study including the ability to examine longitudinal changes
in multiple sexual function measures over 8 years of follow-up with up to five measures for
each man. By looking at multiple measures of sexual function, we were able to assess not only
the declines in the functional sexual measures, but also how the perceptions about these changes
varied over time. Additionally, these subjects were randomly selected from the community and
observations after treatment which could affect sexual function were truncated. Therefore,
these data represent realistic estimates of how these sexual function measures change in the
general population over time.

There are also potential limitations to this study. First, the potential for nonparticipation bias
exists because of the low participation rate at baseline (55% response rate) for the entire cohort.
However, previously we had documented only modest differences in baseline participants with
regard to age, location, and prior history of urological conditions compared with
nonparticipants [46]. Second, we utilized the BMSFI to assess sexual function. With the use
of a questionnaire, subjects may overstate or understate their sexual function, and this could
vary by age. Also, while the International Index of Erectile Function is commonly used to
assess sexual function, we had longitudinal data available with multiple domains using the
BMSFI. Third, we did observe greater dropout in men who reported having ED and men who
reported existing comorbidities at baseline [47]; therefore, our results could be biased. If men
with comorbidities who dropped out of the study subsequently developed sexual dysfunction,
the result would be an underreporting of the sexual dysfunction and subsequent
underestimation of incidence. Men who had ever suffered a stroke were most strongly
associated with dropout, but this represented a small percentage of the cohort; only 22 men
who suffered a stroke dropped out of the study. Therefore, it is unlikely that we are
underestimating sexual dysfunction. Fourth, comorbidities, such as diabetes and hypertension,
were based on self-report of medical diagnosis at baseline. Although there may be some lack
of concordance between self-report and medical records [48], most studies show a strong
concordance between self-report of chronic medical conditions such as hypertension and
diabetes [49,50]. Finally, the generalizability may be limited, as all participants in this cohort
study were Caucasian and were 40–79 years of age in 1990. Therefore, these findings may not
be applicable to other ethnic populations and age groups.
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Conclusion
Overall, these results demonstrate that longitudinal changes in five sexual function domains
change together over time in our community-based cohort. Erectile function, ejaculatory
function, and sexual drive decrease over time with greater rates of decline for older men.
However, older men may be less likely to perceive these declines as a problem and be
dissatisfied. These data may prove helpful to patients and clinicians in understanding and
discussing changes in multiple aspects of sexual function.
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Figure 1.
Questionnaire.
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Figure 2.
Cumulative incidence of sexual dysfunction with increasing age.
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Table 1

Selected baseline (1996–2004) characteristics of participants in the Olmsted County Study of Urinary Symptoms
and Health Status among Men

Characteristic

Analysis sample
(N = 1,827)

N (%)*

Age

 40–49 493 (27.0)

 50–59 634 (34.7)

 60–69 402 (22.0)

 70+ 298 (16.3)

Regular sexual partner

 Yes 1,534 (84.0)

 No 283 (15.5)

Education

 <High school 126 (6.9)

 High school graduate 341 (18.7)

 >High school 1,346 (73.7)

Smoking status

 Never 643 (35.2)

 Current 204 (11.2)

 Former 935 (51.2)

Diabetes

 Yes 70 (3.8)

 No 1,757 (96.2)

Hypertension

 Yes 331 (18.1)

 No 1,489 (81.5)

Coronary heart disease

 Yes 227 (12.4)

 No 1,600 (87.6)

*
Because of missing data, some measures were not available for all 1,827 men.
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Table 2

Sexual function incidence (1996–2004) without prevalent cases for men in the Olmsted County Study of Urinary
Symptoms and Health Status among Men

Age

Erectile dysfunction

Incident cases Person-years Incidence/1,000 95% CI

40–49 8 1,328 6 3, 12

50–59 54 4,406 12 9, 16

60–69 88 2,346 38 30, 46

70+ 102 866 118 96, 143

40+ 252 8,946 28 25, 32

Age

Low libido

Incident cases Person-years Incidence/1,000 95% CI

40–49 13 1,333 10 5, 17

50–59 94 4,211 22 18, 27

60–69 98 2,269 43 35, 53

70+ 96 813 118 96, 144

40+ 301 8,626 35 31, 39

Age

Ejaculatory dysfunction

Incident cases Person-years Incidence/1,000 95% CI

40–49 5 1,354 4 1, 9

50–59 41 4,481 9 7, 12

60–69 75 2,552 29 23, 37

70+ 110 1,065 103 85, 124

40+ 231 9,452 24 21, 28

Age

Perceived sexual problems

Incident cases Person-years Incidence/1,000 95% CI

40–49 9 1,362 7 3, 13

50–59 37 4,495 8 6, 11

60–69 53 2,598 20 15, 27

70+ 56 1,360 41 31, 53

40+ 155 9,815 16 13, 18

Age

Low sexual satisfaction

Incident cases Person-years Incidence/1,000 95% CI

40–49 28 1,242 23 15, 33

50–59 119 3,796 31 26, 38

60–69 88 2,145 41 33, 51

70+ 75 1,174 64 50, 80

40+ 310 8,357 37 33, 41
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Table 4

Age-adjusted Spearman correlations among longitudinal changes in sexual function slopes*

Change in sexual
drive

Change in ejaculatory
function

Change in sexual problem
assessment Change in sexual satisfaction

rs rs rs rs

Change in erectile
function

0.43 0.42 0.41 0.32

Change in sexual drive 1.0 0.27 0.14 0.16

Change in ejaculatory
function

1.0 0.28 0.28

Change in sexual
problem assessment

1.0 0.38

*
All P values < 0.0001.
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Table 5

Spearman correlations among longitudinal changes in sexual function slopes among men 40–59 years and 60+
years of age

40–59 60+

rs
* rs

* P†

Change in erectile function and sexual drive 0.39 0.42 0.46

Change in erectile function and ejaculatory function 0.44 0.39 0.22

Change in erectile function and sexual problem assessment 0.51 0.26 <0.0001

Change in erectile function and sexual satisfaction 0.39 0.29 0.02

Change in sexual drive and ejaculatory function 0.23 0.24 0.83

Change in sexual drive and sexual problem assessment 0.27 0.05 <0.0001

Change in sexual drive and sexual satisfaction 0.24 0.13 0.02

Change in ejaculatory function and sexual problem assessment 0.50 0.03 <0.0001

Change in ejaculatory function and sexual satisfaction 0.32 0.22 0.03

Change in sexual problem assessment and sexual satisfaction 0.44 0.35 0.03

*
Age-adjusted Spearman correlations.

†
P value for test for a difference in the correlation coefficients by age group.
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