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Abstract

Introduction—Male sexual dysfunction is a common complication of diabetes (DM), but the
relative impact of erectile dysfunction (ED), orgasmic dysfunction (OD), and/or decreased libido
(DL) on global sexual bother has not been assessed.

Aim—To assess the relationship between ED, OD, and DL and overall sexual satisfaction in men
with type 1 DM, and determine which form of dysfunction causes the most bother.

© 2009 International Society for Sexual Medicine

Corresponding Author: David F. Penson, MD, MPH, Keck School of Medicine, USC/Norris Cancer Center—Department of Urology,
%441 Eastlake Avenue, Suite 7416, Los Angeles, CA 90089, USA. Tel: 323-865-3716; Fax: 323-865-0120; penson@usc.edu.

A complete list of investigators and members of The Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions
and Complications Research Group appears in N Engl J Med 2005;353(25):2643-53.

Conflict of Interest: None.

Statement of Authorship
Category 1

a.  Conception and Design
David F. Penson; Hunter Wessells
b.  Acquisition of Data
Patricia Cleary
c.  Analysis and Interpretation of Data
David F. Penson; Hunter Wessells; Patricia Cleary; Brandy N. Rutledge
Category 2
a.  Drafting the Article
David F. Penson; Hunter Wessells; Brandy N. Rutledge
b.  Revising It for Intellectual Content
David F. Penson; Hunter Wessells; Brandy N. Rutledge; Patricia Cleary
Category 3
a.  Final Approval of the Completed Article
David F. Penson; Hunter Wessells; Brandy N. Rutledge; Patricia Cleary



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Penson et al. Page 2

Methods—The study cohort consisted of 713 men with type 1 DM who completed the Diabetes
Control and Complication Trial and then participated in the follow-up Epidemiology of Diabetes
Interventions and Complications Study. In year 10 of EDIC, 583 (83%) completed a validated
instrument assessing ED, OD, and DL and the bother these conditions cause. Statistical tests
determined the concordance of function and bother in each domain, and the impact of each domain
on overall sexual satisfaction.

Main Outcome Measures—Patient-reported outcomes using responses to individual items of the
International Index of Erectile Function (IIEF).

Results—ED was present in 34%, OD in 20%, and DL in 55%. When correlated with overall sexual
satisfaction, ED had the highest weighted kappa (0.84, 95% confidence interval [CI] = 0.80-0.87),
while OD (0.57, 95% CI = 0.51-0.63) and DL (0.55, 95%CI = 0.48-0.62) were considerably lower.
Furthermore, the single item assessing confidence in getting and keeping an erection had the strongest
correlation with overall sexual bother as well as specific erectile bother.

Conclusions—ED, OD, and DL are highly prevalent in men with long-standing type | diabetes.
All three sexual dysfunctions cause bother in men with DM, but ED causes more general sexual
bother and likely has a greater overall impact on quality of life. Our data underscore the importance
of asking men with DM about their sexual function and point to the need for further research to
investigate disorders of orgasm and desire.

Keywords
Male Sexual Dysfunction; Diabetes; Erectile Dysfunction; Questionnaire

Introduction

Male sexual dysfunction is a well-known complication of diabetes mellitus [1,2], and is also
quite common in the general population of older men [3]. Studies of male sexual dysfunction,
however, tend to focus primarily on erectile dysfunction [4]. This may not provide a complete
portrait of the patient’s disease-specific health-related quality of life, as male sexual function
is a mutidimensional construct comprising orgasmic/ejaculatory function and desire/libido in
addition to penile erection. Most epidemiological studies of male sexual dysfunction,
particularly those in men with DM, have not comprehensively assessed these other domains
of sexual function.

One reason why male sexual dysfunction has not been comprehensively assessed in
epidemiologic studies is the need to use multi-item scales to assess the various sexual domains
and other items of interest. This often results in unusually long questionnaires that are difficult
for older patients to complete. In turn, this leads to increased respondent burden, missing data,
and problematic selection bias that may negatively impact the validity of study findings. To
this end, it may be advantageous to attempt to capture sexual dysfunction using either a single
or as few items as possible. Because erectile dysfunction is, in many respects, the easiest
domain for the patient to report upon and the investigator to objectively assess, this is the
domain that has been most widely studied. While this has resulted in a good understanding of
the incidence of erectile function in men with sexual dysfunction, it has limited our
understanding of the other elements of male sexual dysfunction.

Although prior studies have attempted to identify a single proxy item for erectile function in
men [5,6], they have not assessed the influence of that single item on overall sexual bother.
Furthermore, none of these studies captured ejaculatory or libido dysfunction, which may also
affect sexual bother. Corona et al. [7] captured libido dysfunction, as well as erectile
dysfunction, but this group failed to assess the relationship between these dysfunctions and
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bother. Furthermore, the study was limited by selection bias, as the entire cohort was assembled
from patients who presented for sexual dysfunction treatment at an andrology clinic. To
adequately address the question at hand, subject must be drawn for a more general population,
and both function and bother must be assessed. Gill and Feinstein [8] have documented the
importance of incorporating both the degree of dysfunction and also the amount of bother, as
this provides the most comprehensive understanding of the relationship between the medical
condition under study and the patient’s quality of life.

The goal of the current study was to utilize patient-centered data on male sexual function to
determine the prevalence of erectile, orgasmic/ejaculatory, and libido/desire dysfunction in a
cohort of men with type | DM. Importantly, we attempted to determine the differential impact
on each of these domains on global sexual bother. Finally, we sought to identify a single item
that could accurately assess global sexual dysfunction and bother in large epidemiologic
studies. To achieve these goals, we analyzed International Index of Erectile Function (I1IEF)
[9] data from men who participated in the UroEDIC study, a cross-sectional ancillary study of
The Diabetes Control and Complications Trial (DCCT) and Epidemiology of Diabetes
Intervention and Complication (EDIC) Study.

Materials and Methods
The DCCT and EDIC Study

The DCCT randomly assigned 761 male and 680 female patients with type 1 diabetes to
intensive or conventional therapy, treating them for a mean of 6.5 years between 1983 and
1993 [10]. The primary prevention cohort consisted of subjects with no retinopathy or
neuropathy, urinary albumin excretion rate (AER) <40 mg per 24 hours, and diabetes duration
of 1-5 years. The secondary intervention cohort consisted of 715 subjects who had
nonproliferative retinopathy, urinary AER <200 mg per 24 hours, and diabetes duration of 1-
15 years. Individuals were excluded if they had hypertension (defined by systolic >140 or
diastolic >90 mm Hg), symptomatic ischemic heart disease, or symptomatic peripheral
neuropathy.

In 1994, of the surviving cohort of 746 men enrolled in DCCT at closeout, 720 (96%) elected
to participate in the annual examinations of the EDIC follow-up study [11]. During year 10 of
EDIC, of the 713 men still active in the trial, 591 (83%) men agreed to participate in UroEDIC,
an ancillary study of urological symptoms. Of these, 571 men provided data on erectile function
and comprise the study population for the current analyses. The institutional review board of
each participating center approved the study, and the Federal Government issued a Certificate
of Confidentiality.

DCCT Intervention and Other Therapies

Intensive treatment consisted of insulin administered three or more times per day by injection
or by continuous subcutaneous infusion with an external pump, with dose adjustments based
on at least four self-monitored glucose measurements per day. Daily glucose goals were 70—
120 mg per deciliter (3.9-6.7 mmol per liter) before meals and peak levels of less than 180 mg
per deciliter (10.0 mmol per liter) after meals. The goal for hemoglobin Alc was less than
6.05%—2 standard deviation (SD) above the mean value for persons without diabetes.
Conventional therapy had no glucose goals beyond those needed to prevent symptoms of
hyperglycemia and hypoglycemia, and consisted of one or two daily injections of insulin.

The subjects were randomized to receive either intensive or conventional therapy. Intensive
treatment consisted of insulin administered three or more times per day by injection or by
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continuous subcutaneous infusion with an external pump. Conventional therapy consisted of
one or two daily insulin injections. Treatment goals have been previously described [10]. The
DCCT was terminated in 1993, when the principal study question concerning treatment effects
had been answered. The mean duration of follow-up in DCCT was 6.5 years. In 1994, 1,394
DCCT subjects (96% of the original cohort) agreed to participate in the EDIC follow up study
that included annual examinations and completion of a standardized questionnaire for
complication status [11].

Main Outcome Measures

As part of UroEDIC, all the male subjects completed the I1EF, a validated and reliable
questionnaire that assesses sexual function [9]. Additional validated questions measuring
symptom impact were also included [12].

Of the 591 men who consented to participate in the UroEDIC study, 571 (97%) completed all
of the ED questions. An additional 14 (2%) subjects completed at least part of the questionnaire,
and were included in portions of the analysis when possible. Six (1%) of the UroEDIC subjects
did not complete any of the ED items, and, therefore, were excluded from this analysis of sexual
function. The 571 UroEDIC men who provided complete information with respect to their
sexual function and bother were comparable to 142 men who did not participate in UroEDIC,
with the exception that the participants had a lower mean blood pressure at EDIC Year 10 (94.4
vs. 92.3 mm Hg, P = 0.025).

Definitions of Male Sexual Dysfunction

Sexual dysfunction was defined a priori using the complete functional domain scales of the
iief for erectile function (EF), desire, and orgasmic function. Therefore, responses to the I1EF
were initially scored according to scoring instructions, which have been published previously
[9]. Erectile dysfunction was defined as a score of <20 on the IIEF EF domain. We elected to
use a more conservative definition of ED to ensure that we captured truly clinically significant
ED in our cohort of men with diabetes in the general population. To this end, we included men
with “normal” erectile function, those with mild ED, and some with mild/moderate ED
according to Cappelleri et al. [13] in the no ED group. It should be noted that Cappelleri et al.
proposed a cut-off of 22 in their original analysis as a suggested threshold, although they
cautioned that “clinical validation with selfrated assessments of ED severity is warranted” to
ensure the validity of this threshold. Low sexual desire was defined as a score <7 on the desire
domain of the 1IEF. Orgasmic Dysfunction was defined as score <7 on the orgasmic domain
of the IIEF. Because there are no published studies defining the optimal threshold for defining
clinically meaningful dysfunction with these scales, the choice of these thresholds was based
upon two clinicians review of the instrument (HBW and DFP) to ensure the face validity of
the definition.

Statistical Analysis

The primary outcome of interest in this cross-sectional study was sexual function as defined
by responses to items in individual functional domains of the I1EF. Descriptive statistics were
used to described baseline characteristics and overall sexual function of the cohort. To assess
the relationship of functional items to bother (the degree to which the subject feels that
dysfunction is a problem) in the individual sexual domains of erection, desire and ejaculation,
Spearman’s correlation coefficient was calculated. Testing of statistical significance was
performed using the Cochran—Mantel-Haenszel test for correlation. Similarly, the relationship
between individual function items and the global sexual bother domain was assessed using
similar methods. Finally, concordance between responses to individual items in certain
functional and bother domains were compared using the weighted kappa statistic for multilevel
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categorical variables. All analyses were performed using SAS version 8.2 (SAS Institute, Cary,
NC, USA).

Table 1 presents the clinical characteristics of the 571 men who completed the entire IIEF. The
majority of subjects were over age 40 (78%), with most of these being between age 40 and 49
(300, 53% of total). Most of the men were white and were married. The mean duration of
diabetes for the cohort was 22.1 years. The time weighted mean hemoglobin Alc level for the
cohort over the course of the DCCT/EDIC studies was 8.07%. Not surprisingly, a considerable
number of men with diabetes in the UroEDIC study reported sexual dysfunction of some form.
The mean score in the erectile function domain of the IIEF was 21.3 (SD = 10.5, range 0-30),
7.1 (SD = 1.9, range 2-10) in the sexual desire domain, and 8.3 (SD = 2.9, range 0-10) in the
orgasmic function domain. As shown in Table 1, while 58% of the cohort reported no erectile
dysfunction, 34% reported an IIEF score from 0 to 20, and 9% reported that they were not
sexually active in the past month. More than half the cohort (55%) reported decreased sexual
desire, and 20% reported abnormal ejaculatory function. Individual responses to the sexual
bother items are shown in Table 2. The majority of men reported no problem in the global
sexual bother domain or the individual domains of erectile, desire/libido, or ejaculatory bother.

Prior to exploring the effect of the individual sexual domains (erection, desire/libido, and
orgasm) on the global sexual domain, we assessed the relationship of individual items within
each domain with function in that particular domain. The goal of this analysis was to determine
which individual functional items correlated most closely with patient bother. The results of
these analyses are shown in Table 3. In the erectile domain, the item that queries the subject
to rate his confidence that he could get and keep an erection correlated quite highly with the
degree of bother in the erectile domain (Spearman’s correlation coefficient = 0.80, P = 0.02).
The other items in the erectile domain correlated well with bother, with correlation coefficients
varying from 0.52 to 0.68 (all P < 0.05); none approached the degree of correlation between
the “confidence” item and erectile bother. Interestingly, as shown in Table 3, functional items
in the desire and orgasm domains did correlate with bother in those domains, but much less
closely.

To assess the relationship of erectile, desire, and orgasmic bother with the global sexual bother
domain, we performed weighted kappa tests of concordance. As shown in Table 4, erectile
bother had the highest concordance with global sexual bother (weighted kappa = 0.83). While
concordance rates for responses to the items on bother due to sexual desire and orgasm/
ejaculation were acceptable (0.53 and 0.56, respectively), they were both substantially lower
than that seen for problems due to erectile function.

Given the findings that the functional item on confidence in erections correlated most closely
with bother in the erectile domain, and that erectile bother was the bother domain most closely
related to overall sexual bother, the final analysis sought to assess the relationship between the
various functional items and a single global sexual bother item. It was our hypothesis that of
all the functional items, the erectile confidence item would most closely correlate with the
global sexual bother item. As shown in Figure 1, the results confirm this hypothesis. Of the 11
functional domain items on the IIEF, the erectile confidence item correlated most closely with
global sexual bother (Spearman’s correlation coefficient = 0.78, P < 0.001). In fact, as shown
in Figure 1, correlation coefficients for each of the erectile function items were higher than
those seen for the libido/desire or orgasmic/ejaculatory function items.

J Sex Med. Author manuscript; available in PMC 2010 April 29.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 6

Discussion

Data from UroEDIC indicate that sexual dysfunction is common even in relatively young men
with type | DM. This finding is not surprising and confirms the work of others [3,14,15]. Unlike
other studies, however, UroEDIC provides greater detail into the individual forms of sexual
dysfunction that occur in these patients. Some-what surprisingly, decreased libido (55% of
cohort) is a more common finding than either ED (34%) or orgasmic dysfunction (20%). Prior
studies have tended to group men with type | and Il diabetes into a single population, and have
found a lower prevalence of decreased sexual drive. For example, Burke et al. [16] analyzed
data from Olmsted County, Minnesota, and found that 40% of men with diabetes reported
decreased sexual drive. These patients, however, were considerably older (mean age 53.1
years) than the UroEDIC cohort. In a subgroup analysis from the Olmsted County database,
only 22% of men age 40-49 and 33% age 50-59 reported decreased sexual libido. Similarly,
while 31% of the Olmsted County cohort reported ejaculatory dysfunction, younger men (11%
of age 40-49 and 21% of men age 50-59) reported considerably less.

The data from the UroEDIC study help us to understand which of the three individual domains
of sexual dysfunction influence global sexual bother the most in these patients. Specifically,
it appears as though ED has a greater influence on global sexual bother than either decreased
libido or ejaculatory problems, although ED is less common than decreased libido. In addition
to the ED’s influence on sexual bother, it has also been shown to be an important predictor of
future coronary artery disease in men with diabetes [17,18]. It should be noted that previous
studies have noted that certain forms of ejaculatory dysfunction, specifically premature
ejaculation, have a significant impact on sexual bother as well and that most men only seek
help for ejaculatory dysfunction after they have ED [19-21]. However, all these studies use
cohorts assembled from men presenting to andrology clinics for treatment, and are not as
applicable to the general population as the current study. Because the UroEDIC dataset is
restricted to type | diabetes and the subjects are younger, it probably represents a more accurate
portrait of the prevalence of the various forms of male sexual dysfunction in men with type |
diabetes, and possibly the more general population.

Data from the uroEDIC study demonstrate that a single item that assesses the confidence that
a man has in his ability to get and keep and erection can be used as a proxy item for global
sexual function and bother in large observational studies. This item correlates well with bother
due to erectile problems, and, more importantly, with global sexual bother. In fact, of the 11
items of the I11EF, the confidence item has the highest correlation with global sexual bother.
Thisis not to say that it is not important to assess function and bother in the OD or DL domains.
Rather, in large clinical and epidemiologic studies of male sexual dysfunction, where long
questionnaires may result in increased respondent burden and missing data, it may be
reasonable to use the single confidence item from the I1EF as a proxy for sexual function and
bother. It should also be noted that it is probably best to reserve the use the single confidence
item for assessment of sexual dysfunction to large epidemiological studies, which are
susceptible to respondent bias if longer multi-item questionnaires are employed. In smaller
clinical trial settings, it preferable to utilize a more detailed assessment tool, such as the full
IEF.

Previous large epidemiologic studies have used both multi-attribute scales and single items to
assess male sexual dysfunction [6,22,23]. Those which have used multi-attribute scales have
explored outcomes in the erectile, desire/libido and ejaculation domains. For example, the
Multinational Survey on the Aging Male (MSAM-7) [22] included the IIEF, and the National
Health and Social Life Survey (NHSLS) [23] included an interviewer-administered 7-item
scale that addressed all of these domains. While the response rate for the NHSLS was an
acceptable 79%, this was likely related to the use of face-to-face interviews, which is not always
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feasible in large studies. The MSAM-7 study [22] used patient-completed paper instruments
that were returned by mail, and evaluable response rates were much lower (37%), due at least
in part to the length of the questionnaires and the sensitive nature of the topics studied. This
illustrates the potential for selection bias due to missing data that may be associated with the
use of long multi-attribute scales in large, epidemiologic studies.

Others have used single items to capture male sexual function, but have primarily focused upon
erectile function, failing to capture either dysfunction in the other sexual domains or the degree
of bother that the dysfunction may cause. Numerous researchers have used data from the
Massachusetts Male Aging Study (MMAS) [24] to document the relationship between an
interviewer-administered single item on erectile function and both clinician assessment of ED
and multi-item scales assessing ED. O’Donnell and colleagues [5] compared patient responses
to this single with urologist examination in 139 men from the MMAS. They found a high
correlation between the interviewer-administered item and clinician evaluation (0.80). Derby
and colleagues [6] compared responses to a single item assessing erections with summary
scores from the IIEF or the Brief Male Sexual Function Inventory in 505 men in the MMAS
and found correlation coefficients ranging from 0.71 to 0.78. These reports document that
single erectile function items can be used to accurately categorize the degree of erectile
dysfunction in large epidemiologic studies. However, these studies fail to demonstrate that a
single item on erectile function can serve as a proxy for other forms of male sexual dysfunction
or can incorporate degree of global sexual bother that a patient experiences.

The current study builds upon the existing literature by addressing these limitations.
Specifically, the UroEDIC analysis demonstrates that a single item that assesses the subjects’
confidence in getting and keeping an erection can assess both erectile function but also erectile
and global sexual bother. This item is inherently different from prior single items in that earlier
items tend to focus on the frequency of erection and/or the severity of erectile dysfunction
rather than the subject’s perception of his ability to have an erection. In an analysis of the
DCCT/EDIC cohort, the item appears to have some face validity. Men who reported
microvascular complications, such as retinopathy or nephropathy, were more like to report
sexual dysfunction as measured by the single item than men without these complications (59
vs. 35% and 23 vs. 6%, respectively [25]. In addition, the current study also documents that
the erectile bother domain is the sexual domain that most closely correlates with global sexual
bother. Therefore, asingle item that is closely correlated with both the erectile and global sexual
bother domains may also serve as a proxy for bother from ejaculatory and desire/libido
dysfunction.

While the current study has the advantage of using validated and reliable instruments and
having an impressive response rate, it is not without its limitations. Specifically, all of the
subjects in the current study have type | diabetes, which may affect generalizability of the study
to the larger population of men with type 11 diabetes. Penson and colleagues [14] have
previously shown that men with diabetes and erectile dysfunction present with more severe
erectile dysfunction than the general population. However, no differences were noted in
orgasmic function, sexual desire, or overall sexual satisfaction between impotent men with
diabetes and men with erectile dysfunction presumably due to other causes. While this earlier
study [14] does not conclusively prove that impotent men with diabetes perceive their sexuality
the same way as impotent men without diabetes, it does provide preliminary evidence that
many of the quality of life effects are similar. In addition, the cross-sectional study design
prevents us from observing longitudinal changes in erectile function to further strengthen our
contention that the single item identified functions well over time. Acknowledging these
limitations—while it is probably reasonable to conclude that the single item that assesses a
man’s confidence in his ability to get and maintain an erection will perform equally well in the
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general population of men with erectile dysfunction—additional studies documenting this are
needed.

In addition, the present study does not include any information on possible underlying
hypogonadism in these patients. Serum testosterone assessment was not included in either the
DCCT or the EDIC study. Prior studies of hypogonadism in men with type Il diabetes have
documented that at least 17% of men over the age of 30 with type Il diabetes have serum total
testosterone levels below 8 nmol/L [26]. Others have noted similar findings [27]. However, it
should be noted that profound differences exist between the androgen milieu of type | and type
Il diabetes, as shown in a recent study [28]. In contrast to type Il diabetes with frequent
occurrence of hypogonadotrophic hypogonadism, type 1 diabetes is associated with normal
total testosterone concentrations. Free testosterone, luteinizing hormone, and follicle-
stimulating hormone concentrations also tended to be normal. While it is likely that many of
the patients in UroEDIC who suffer from decreased libido have abnormally low testosterone
levels that would provide an organic explanation for their dysfunction, some of the observed
decreased sexual drive may be psychogenic in nature. Further research is needed on this topic.

Conclusions

The current study documents that decreased libido, orgasmic dysfunction and erectile
dysfunction are all common in men with type | diabetes. Contrary to what one might expect,
decreased libido, as opposed to ED, was the most common form of sexual dysfunction noted
in these patients. However, ED had a greater impact on global sexual bother than DL or OD.
These data also indicate that a single validated item that assesses the confidence that a man has
in his ability to get and keep an erection can be used as a proxy item for global sexual function
and bother in large observational studies. Of all of the items on the IIEF, the confidence item
correlates most closely not just with erectile bother, but with global sexual bother.
Administration of this single patient-completed item in epidemiologic studies will provide
researchers with a composite estimate of both of erectile function and global sexual bother,
while minimizing respondent burden and selection bias and avoiding the use of interviewer-
administered surveys.
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Figure 1.

Correlation between individual items and their related bother domains in men with diabetes
who completed the International Index of Erectile Function as part of the UroEDIC study.
EDIC = Epidemiology of Diabetes Intervention and Complication.
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Table 4

Concordance between individual erectile, desire, and ejaculatory bother domains and global sexual bother domain
in 571 men with diabetes who completed the International Index of Erectile Function as part of the UroEDIC
study

Individual domain Weighted  95% confidence

kappa interval
Erectile bother 0.83 0.79-0.86
Desire/libido bother  0.53 0.47-0.59
Ejaculatory bother 0.56 0.51-0.62

EDIC = Epidemiology of Diabetes Intervention and Complication.
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