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Various observational studies have examined the prevalence and determinants of erectile dysfunction (ED) in men with type 1
diabetes across different geographical areas. Nevertheless, a comprehensive systematic review and meta-analysis to consolidate
the worldwide prevalence and risk factors remains lacking. Hence, the primary study objective was to perform an extensive
systematic review and meta-analysis that specifically examined ED prevalence and determinants in men with type 1 diabetes. A
thorough exploration was conducted by examining electronic databases, such as PubMed, Embase, and Web of Science. The
general ED prevalence and a 95% confidence interval (Cl) in men with type 1 diabetes were summarized. The relevant risk factors
were analyzed by deriving a comprehensive odds ratio (OR) from merging the ORs using fixed- or random-effects models. The
sources of heterogeneity were investigated using subgroup analyses and meta-regression. This systematic review and meta-
analysis included 19 articles involving 3788 men with type 1 diabetes. The meta-analysis revealed that men with type 1 diabetes
had a combined ED prevalence of 42.5% (95% Cl: 34.3%-50.8%). This prevalence showed significant heterogeneity (1> = 96.2%,
P <0.01). Meta-regression revealed that age (P=0.016) and type 1 diabetes duration (P = 0.004) were significant causes of
heterogeneity. Furthermore, the ED risk in men with type 1 diabetes was significantly influenced by age, type 1 diabetes duration,
body mass index, glycated hemoglobin (HbA1c), retinopathy, and smoking habits (all P < 0.05). In summary, this systematic review
and meta-analysis revealed a significant prevalence of ED in men with type 1 diabetes, highlighting the importance of clinicians

addressing concerns regarding ED in this specific group of individuals.
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INTRODUCTION

Diabetes encompasses both type 1 and type 2 diabetes and is a
significant global health concern [1]. Compared to type 2
diabetes, type 1 diabetes is frequently more intense and
challenging to manage [2]. Type 1 diabetes necessitates lifelong
insulin replacement therapy and is associated with a higher
number of complications and a less favorable prognosis [3]. The
peak onset period for type 1 diabetes is between 20 and 44
years of age, which overlaps with the patient’s sexually active
period [4]. Therefore, greater consideration of the sexual
function and reproductive well-being of people with type 1
diabetes is crucial.

Erectile dysfunction (ED) refers to the incapability of the male
reproductive organ to achieve and sustain an adequate level of
firmness required for the successful completion of pleasurable
sexual activity [5]. Normal erectile function depends on normal
physiological process and coordination of the psychological state,
endocrine system, nerves, and blood vessels, and abnormality in
any link will lead to ED [6]. Numerous studies demonstrated that
diabetes is closely related to ED. For example, diabetes can cause
microvascular disease that leads to insufficient blood supply to the
cavernous body, and diabetes-induced peripheral neuropathy
affects the nerve endings of the cavernous body, leading to ED [7].

Kouidrat et al. reported that ED prevalence was 37.5%, 66.3%,
and 57.7% in men diagnosed with type 1 diabetes, type 2
diabetes, and both types of diabetes, respectively [8]. Never-
theless, their investigation primarily focused on mixed types of
diabetes and lacked a comprehensive examination of the factors
that contribute to ED in men with type 1 diabetes. Hence, the
present study objective was to conduct an inclusive systematic
examination and meta-analysis emphasizing the ED prevalence
and determinants in men with type 1 diabetes.

MATERIALS AND METHODS

This systematic review and meta-analysis was carried out
following the guidelines of the PRISMA statement [9]. The
INPLASY(International Platform of Registered Systematic Review
and Meta-analysis Protocols) recorded the registration of the
protocol. The registration number was INPLASY2023100067, and
the DOI number was 10.37766/inplasy2023.10.0067.

Literature search strategies

This systematic review and meta-analysis involved a thorough
search of electronic databases including Pubmed, Embase, and
Web of Science, starting from the beginning of the databases until
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September 15, 2023. The search terms utilized included the
phrases ‘erectile dysfunction’ OR ‘impotence’ OR ‘sexual satisfac-
tion’ OR ‘sexual problem’ AND ‘type 1 diabetes’ OR ‘type 1
diabetes mellitus’ OR ‘diabetes’ OR T1DM’ OR ‘diabetes mellitus’
AND ‘prevalence’ OR ‘risk’ AND ‘man’ OR ‘male’. Furthermore, we
thoroughly examined the citations of pertinent publications to
discover additional studies regarding the frequency of ED in men
diagnosed with type 1 diabetes.

Study selection, inclusion, and exclusion criteria

Two researchers independently screened the eligible literature by
reviewing the title, abstract, and full text based on the inclusion
and exclusion criteria. The two reviewers resolved any differences
through a discussion with the third reviewer. To be eligible for
inclusion, the study had to meet the following criteria: (a) it
focused on adult males as the primary group of interest; (b) it
provided data on the prevalence of ED; (c) the participants were
diagnosed with type 1 diabetes. The criteria for exclusion
included: (a) studies that did not involve human subjects; (b)
data that had been replicated in another article; (c) articles
classified as commentaries, reviews, letters, or conference
abstracts; and (d) inadequate availability of research data.

Data extraction and quality assessment

The first author's name, publication time, study design, study
region, sample size, average age, average duration of type 1
diabetes, assessment scale for ED, number of ED cases, ED
prevalence, and logistic regression results investigating the risk
factors for ED prevalence in males with type 1 diabetes (OR,
relative risk(RR), or hazard ratio (HR) with their corresponding 95%
Cl) were independently extracted by two researchers. The two
reviewers resolved any differences through a discussion with the
third reviewer. The primary outcome of interest was the ED
prevalence among men diagnosed with type 1 diabetes. Potential
risk factors for ED, including age, duration of type 1 diabetes,
depression, BMI, blood pressure, HbA1lc level, fasting glucose,
insulin dose, microalbuminuria, total cholesterol, smoking, alcohol
consumption, and retinopathy were secondary outcomes. We
evaluated the quality of every study included by employing the
quality assessment criteria for observational studies as suggested
by the Agency for Healthcare Research and Quality (AHRQ). Every
individual item was evaluated and categorized as either ‘affirma-
tive’, ‘negative’, or ‘ambiguous’. Research with a score of 8 or more
points were classified as high quality, while those with 6—7 points
were classified as medium quality, and those with 5 or fewer
points were classified as low quality.

Data synthesis and analysis

The statistical analyses were conducted using Stata 16 (StataCorp
LLC, College Station, TX, USA). The general ED prevalence and a
95% confidence interval (Cl) in men diagnosed with type 1
diabetes were compiled. Additionally, the prevalence in subcate-
gories was examined based on the study region, publication year,
research methodology, sample size, study quality, and the ED
assessment measure. Heterogeneity among the included studies
was evaluated using the Q-test and I statistics. I> > 50% or P < 0.05
indicated heterogeneity, and a random-effects model was utilized.
Otherwise, a fixed-effects model was applied. The ORs were
combined using fixed- or random-effects models to obtain an
overall OR to analyze the relevant risk factors (age, type 1 diabetes
duration, body mass index [BMI], glycated hemoglobin [HbA1c]
level, smoking, alcohol consumption, and retinopathy). The
sources of variation were investigated using subgroup analyses
and meta-regression, examining potential factors such as pub-
lication year, average age, average diabetes duration, sample size,
and study quality. Sensitivity analysis was conducted by excluding
each study individually from the meta-analysis to assess its impact.
Publication bias was assessed using both Egger’s regression test
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and Begg’s test. The findings were visualized by examining the
funnel plot symmetry.

RESULTS

Literature search results

Initially, a thorough search of electronic databases yielded 2561
relevant studies: 523 from PubMed, 1923 from Embase, and 115
from Web of Science. Reviewing the titles and abstracts eliminated
2524 articles, leaving 37 articles for additional evaluation.
Examining the full texts eliminated 18 articles(supplement Table 1)
due to data from identical samples (n=10) and unreported or
uncomputable required data (n = 7), and one article was a review
(hn=1). The 19 studies included in this systematic review and
meta-analysis involved 3788 men with type 1 diabetes [10-28].
Figure 1 presents the flowchart illustrating the literature search
process, which involved step-by-step reading, screening, and
inclusion.

Characteristics of included studies

Table 1 summarizes the essential details of the included studies,
patient attributes, and research quality. Most included studies
were conducted in Europe (n=11), followed by North America
(h=5) and Asia (n=3). Fifteen studies were cross-sectional
studies, and four studies were cohort studies. The Agency for
Healthcare Research and Quality (AHRQ) quality scores of the
studies ranged between 5 and 11. Nine studies were classified as
high-quality, nine as moderate-quality, and one as low-quality. ED
was predominantly assessed using the International Index of
Erectile Function (lIEF-5) questionnaire in >50% of the included
studies. ED was detected in 20.11%-70.63% of the participants.

Prevalence of ED in men with type 1 diabetes

The meta-analysis revealed that the combined ED prevalence
among men with type 1 diabetes was 425% (95% ClI:
34.3%-50.8%). This result demonstrated significant variation
(P =96.2%, P<0.01), indicating the requirement for a random-
effects model. Figure 2 presents a forest plot derived from the
meta-analysis. The ED prevalence in the individual studies was
between 20.11% and 70.63%, with the weight of each study
ranging from 3.92% to 5.81%. Sensitivity analysis determined that
the overall prevalence remained consistent regardless of the
exclusions (Fig. 3). The funnel plot exhibited symmetry, indicating
no evidence of publication bias (Fig. 4). Begg's test (P = 0.675) and
Egger’s regression test (P =0.141) supported this finding.

Subgroup analyses of ED prevalence

Table 2 presents the ED prevalence among men with type 1
diabetes according to the subcategories geographic location,
publication year, sample size, research methodology, study
quality, and the ED assessment measure. After 2018, the ED
prevalence in men with type 1 diabetes was 32.8% (22.3%-43.3%),
which was lower than the prevalence observed before 2018
(48.1%, 35.9%-60.3%) based on subgroup analysis of the
publication year. Geographically, Asia had the highest ED
prevalence (49.4%, range: 22.3%-76.5%), whereas Europe had
the lowest prevalence (39.5%, range: 31.3%-47.7%). In cross-
sectional studies, the ED prevalence was 40.2% (range:
31.7%-48.7%), while ED prevalence in cohort studies was 50.5%
(range: 31.0%-70.1%). Furthermore, the subgroup analysis indi-
cated that ED prevalence in the group that completed the IIEF-5
questionnaire was 45.5% (range: 35.0%-56.0%), which was greater
than the prevalence in the group that did not complete the
questionnaire (35.6%, range: 26.8%-44.5%).

Meta-regression analysis

The primary outcome was subject to high heterogeneity
(I = 96.2%, P < 0.01). Nevertheless, the subgroup analysis (Table 2)
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Fig. 1

revealed that none of the factors could account for the
heterogeneity. A meta-regression analysis was performed to
investigate the influence of possible confounding factors on ED
prevalence. The meta-regression analysis included the covariates
of publication year, mean age, mean diabetes duration, sample
size, and study quality. The analysis determined that age
(P=0.016) and type 1 diabetes duration (P=0.004) were
associated with ED prevalence among men with type 1 diabetes
(Table 3).

The influence of type 1 diabetes on ED

Three studies [11, 12, 20] investigated whether type 1 diabetes
affected the ED risk. As the three studies did not involve
substantial variation (1> =43.8%, P=0.169), a fixed-effects model
was used instead of a random-effects model. Type 1 diabetes
significantly affected the ED risk (OR=7.52, 95% Cl: 4.69-12.08,
P <0.001). Figure 5 presents the OR estimates with 95% Cls for
each study and the combined OR.

ED risk factors in men with type 1 diabetes

Table 4 presents the findings from the systematic analysis of
factors that increase the likelihood of ED in men with type 1
diabetes. The meta-analysis assessed seven risk factors: age, type 1
diabetes duration, BMI, HbA1c level, smoking, alcohol intake, and
retinopathy. Figure 6 demonstrates that age (OR=1.10, 95% ClI:
1.06-1.14, P < 0.001), type 1 diabetes duration (OR = 2.81, 95% Cl:
1.11-7.11, P=0.03), BMI (OR = 1.70, 95% ClI: 1.24-2.34, P=0.001),
HbA1c (OR=1.98, 95% ClI: 1.53-2.57, P<0.001), retinopathy
(OR=2.42, 95% Cl: 1.89-3.11, P < 0.001), and smoking (OR = 1.68,
95% Cl: 1.23-2.29, P = 0.001) were significant risk factors for ED in
men with type 1 diabetes.

DISCUSSION

ED, also termed impotence, is a condition where men cannot
attain or sustain an erection while engaging in sexual activity [5].
ED is a common and frequent disease among men, which not only
seriously affects their physical health but also exerts psychological
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Flow chart of studies for inclusion in the systematic review and meta-analysis.

pressure. ED affects men’s self-esteem and confidence, causing
them to experience negative emotions such as anxiety, depres-
sion, shame, and self-guilt [29]. These negative emotions might
exacerbate mental health issues, affecting social and emotional
relationships [30]. ED might also negatively affect partner
relationships. Due to the inability to meet sexual needs, sexual
communication barriers and mutual pressure might lead to
tension, arguments, and disharmony in sexual relationships.
Approximately 322 million men globally will experience different
levels of ED by 2025, and this figure continues to rise and is also
affecting younger men [31, 32].

Most observational studies primarily documented ED preva-
lence in men with type 2 diabetes. Nonetheless, there is limited
information on ED prevalence among men with type 1 diabetes.
The main reason for this limited information is that type 1 diabetes
is significantly less prevalent than type 2 diabetes. Type 1 and 2
diabetes have distinct pathogeneses. Type 1 diabetes is generally
caused by heredity and is more common in children and
adolescents. Type 1 diabetes stems from pancreatic islet cell
damage, where the cells cannot secrete insulin [2]. In contrast,
type 2 diabetes features normal islet cells but a weakened role of
insulin, i.e., insulin resistance [33]. As type 1 diabetes is more
common in children and adolescents, and young men are at the
age of peak sexual life and fertility, the relationship between type
1 diabetes and ED warrants more attention.

To our understanding, this is the initial comprehensive
examination and meta-analysis focused on assessing ED pre-
valence in men with type 1 diabetes. Kouidrat et al. reported that
ED prevalence was 37.5%, 66.3%, and 57.7% in men with type 1
diabetes, type 2 diabetes, and both types of diabetes, respectively
[8]. Nonetheless, their investigation concentrated on diabetes of
various combinations and did not thoroughly examine the factors
that contribute to ED prevalence in men with type 1 diabetes.
Despite including 145 studies in their systematic review and meta-
analysis, only a limited number of studies examined ED prevalence
in men with type 1 diabetes. Furthermore, a greater number of
studies published after 2017 examined ED frequency in men with
type 1 diabetes.

SPRINGER NATURE

367



X. Zhang et al.

368

Table 1. Characteristics of the included studies.
First author Study Study Sample Mean age
and design region size (or
publication range,y)
year
Kulecki M et al. cross- Poland 34 30.5
[17] sectional (25.0-36.0)
study
Pop-Busui R cohort USA 635 51.6
et al. [23]
Van Cross- Belgium 174 48+ 14
Cauwenberghe sectional
J et al. [24] study
Kaminski M Cross- Poland 70 39.0
et al. [18] sectional (29.0-49.0)
study
Caruso P et al. cross- Italy 112 258+7.5
[13] sectional
study
Hylmarova S cross- Czech 57 33(18-50)
[14] sectional Republic
study
Nisahan B et al. Cross- Sri Lanka 15 NR
[19] sectional
study
Azmi S et al. cross- United 70 462+ 1.7
[11] sectional Kingdom
study
Maiorino Ml cross- Italy 151 234+38
et al. [20] sectional
study
Dan A [15] Cross- India 18 NR
sectional
study
Wang F [25] Cross- Canada 99 NR
sectional
study
Turek SJ [26] cohort USA 301 71.7 £8.5
Georgescu O Cross- Roumania 44 NR
[271 sectional
study
Jamieson F [28] Cross- United 142 40-59
sectional Kingdom
study
Klein R [22] cohort USA 247 34.4(21-
64)
Kalter-Leibovici Cross- Israel 126 45.6 +15.0
O et al. [21] sectional
study
Bacon CG [12] cohort USA 51 63.1
Fedele D et al. cross- Italy 1383 20-69
[16] sectional
study
Brunner GA Cross- Austria 59 NR
et al. [10] sectional
study

Mean ED measure Number Prevalence Study
diabetes of ED of ED quality
duration(or
range,y)
13.0 lIEF-5 questionnaire 12 35.29% 7
(8.0-21.0)
29.5 IIEF-5 questionnaire 290 45.67% 11
18+ 14 SSFS 35 20.11% 9
18.0 IIEF-5 questionnaire 30 42.86% 7
(11.0-25.0)
14+6.7 lIEF-5 questionnaire 28 25.00% 7
15 IIEF-5 questionnaire 16 28.07% 7
NR I[EF-5 questionnaire 5 33.33% 6
28.39 NSP 41 58.57% 10
11.1+£55 I[EF-5 questionnaire 57 37.75% 8
NR I[EF-5 questionnaire 7 38.89% 7
NR questionnaire on 20 20.20% 8
sexual function
593173 I[EF-5 questionnaire 210 69.77% 10
NR l[EF-5 questionnaire 29 65.90% 6
NR NR 76 53.52% 6
20.5+7.0 questionnaire about 62 25.10% 7
the ability to achieve
a normal erection
NR I[EF-5 questionnaire 89 70.63% 8
NR questionnaire on 32 62.75% 10
sexual function
1-30 questionnaire about 360 26.03% 9
the severity of sexual
function problems
NR questionnaire on 29 49.15% 5

sexual function

ED erectile dysfunction, lIEF-5 International Index of Erectile Function, NR not reported, NSP Neuropathy Symptom Profile, SSFS Short Sexual Functioning Scale.

The present systematic review and meta-analysis revealed that
ED prevalence among men with type 1 diabetes was 42.5% (95%
Cl: 34.3%-50.8%). Hence, the present study reports a greater ED
prevalence in this population than the study by Kouidrat et al.
(42.5% vs. 37.5%). The prevalence estimation accuracy was
hindered by the significant between-study heterogeneity
(> =96.2%, P < 0.001), as prevalence rates varied from 20.11% to
70.63% across studies. However, subgroup analyses could not
explain any source of between-study heterogeneity. Thus, a meta-
regression analysis was conducted to evaluate how factors such as
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publication year, average age, average diabetes duration, sample
size, and study quality affect ED prevalence in men with type 1
diabetes. Ultimately, the analysis determined that ED prevalence
among men with type 1 diabetes was associated with their age
and type 1 diabetes duration. The sensitivity analysis demon-
strated that the meta-analysis was relatively robust, enhancing the
study’s dependability.

Subgroup analyses were conducted to examine the influence of
various population traits on ED prevalence in men with type 1
diabetes. The subgroup analysis based on geographical location
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Fig. 2 Forest plot of ED prevalence among men with type 1 diabetes. Diamond indicates the overall summary estimate. Diamond width
represents the 95% Cl. Boxes indicate the weight of individual studies in the pooled results.

determined that ED prevalence was highest in the Asian
population (49.4%) and lowest in the European population
(39.5%). The variation could be attributed to variances in medical
conditions and the effect of treatment on type 1 diabetes across
geographical areas. Most European countries are developed
countries, while most Asian countries are developing countries,
with a significant gap in medical conditions between the two
continents. The better medical conditions in Europe might result
in better blood glucose control in the male population with
diabetes, thus reducing ED prevalence. Additionally, it was
determined that ED prevalence in men with type 1 diabetes
decreased significantly after 2018 (32.8%) compared to pre-2018
(48.1%). The decrease may be attributed to economic status and
healthcare advancements, leading to enhanced blood sugar
management. Furthermore, ED prevalence was notably influenced
by various ED assessment instruments (45.5% in the IIEF-5
questionnaire group vs. 35.6% in the non-llEF-5 questionnaire
group). Evidence-based medicine has proven that IIEF-5 ques-
tionnaire is a reliable, multilingual, cross-cultural, and effective ED
measurement scale. The IIEF-5 questionnaire is internationally
recognized as an ED self-assessment questionnaire and is widely
used globally [34]. Therefore, it is recommended that future
studies use IIEF-5 questionnaire, which would enable better
comparability among different study populations.

JIR: Your Sexual Medicine Journal (2024) 36:365 -374

The present investigation aimed to determine if type 1 diabetes
increases the likelihood of experiencing ED. The meta-analysis
demonstrated that men with type 1 diabetes face a 7.52-fold
greater risk of developing ED compared to those without type 1
diabetes. Clinicians and scientists are greatly interested in the
underlying mechanisms connecting type 1 diabetes and ED.
Several pathogenic and etiological mechanisms have been
identified to elucidate this potential association. For example,
Maiorino et al. reported that men with type 1 diabetes and ED had
decreased levels of circulating endothelial progenitor cells (EPCs).
The researchers also determined that the quantity of these cells
was an autonomous risk factor for ED [35]. Furthermore, Pajovic
et al. reported that men with type 1 diabetes exhibited
considerably greater susceptibility to arterial ED compared to
men with type 2 diabetes. Arterial dysfunction might be the main
cause of ED in type 1 diabetes male patients [36]. Azmi et al.
reported that small-fiber neuropathy was a notable occurrence in
patients with type 1 diabetes and was strongly correlated with
ED [11].

This systematic review and meta-analysis also examined the
factors that contribute to ED in men with type 1 diabetes.
Ultimately, the factors of age, type 1 diabetes duration, BMI,
HbA1c levels, retinopathy, and smoking were significant in ED
development in men with type 1 diabetes. The disease duration is

SPRINGER NATURE

369



X. Zhang et al.

370

| Lower CI Limit

Kulecki M 2023 [
Pop-Busui R 2022 | |
Van Cauwenberghe J 2022 [
Kaminski M 2022 T
Caruso P 2021 |-

Hylmarova S 2020 [FSSOR

Nisahan B 2019 |

Azmi S 2017 ||

Maiorino MI 2016 |
Dan A 2014 |
Wang F 2013 |
Turek SJ 2013 | |
Georgescu O 2013 o+
Jamieson F 2008 | ||
Klein R 2005 oo
Kalter-Leibovici O 2005 I
Bacon CG 2002 I
Fedele D 2000 |
Brunner GA 1995 | |

O Estimate | Upper CI Limit

R o ST RN |
o I

0.330.34
Fig. 3 Graph for sensitivity analysis.

.05
1

s.e. of rate

.15

1
0.51 0.52

0 2

Fig. 4 Funnel plot for publication bias.

an important factor affecting type 1 diabetes complications. The
present study determined that disease duration was a significant
risk factor for ED among men with type 1 diabetes. The
angiopathy and neuropathy of type 1 diabetes are significantly
related to the disease course and lead to ED occurrence [2].
Epidemiological studies verified that the primary determinant for
ED in the overall populace is advancing age [37]. The present
study determined that age was a notable contributing factor to ED
development among men with type 1 diabetes. Most type 1
diabetes cases are in young people, specifically children and
teenagers. Type 1 diabetes prevalence in elderly men is not well-
known, but it is expected to be extremely rare [38]. Hence, a
person’s age can partially indicate their type 1 diabetes duration.
In the present study, HbA1c emerged as a notable contributing
factor for ED in men with type 1 diabetes. HbA1c reflects the
patient’s average blood glucose level between four and eight
weeks before the blood test and indicates the long-term stability
of blood glucose levels. The Epidemiology of Diabetes Interven-
tions and Complications (EDIC) study reported that the intensive
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4 .6 .8
rate

treatment group had notably higher ED prevalence than the
conventional treatment group, which aligned with the present
results [39]. Hence, the healing impact of diabetes was strongly
associated with ED prevalence in men with type 1 diabetes. The
authors also determined that tobacco use was a notable
contributing factor for ED in men with type 1 diabetes. Bortolotti
et al. investigated the role of smoking in diabetic men and
indicated that smoking affected the likelihood of ED development
in men with diabetes. A higher risk was associated with longer and
more intense smoking habits [40]. Their result was consistent with
the present finding. The present study determined that alcohol
consumption was not a significant risk factor for ED. However, only
two studies investigated this aspect. Consequently, more research
is needed to confirm these results. The association between
depression and ED is well-established in the general population
[41]. A comprehensive analysis and meta-analysis demonstrated
that people with type 1 diabetes had a considerably greater
occurrence of depression [42, 43]. Furthermore, genetic evidence
from a Mendelian randomization study suggested that depression
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Table 2. Prevalence of ED among males with type 1 diabetes according to different items.

Category NO. of Studies

Study region

Europe 11

North America

Asia
Study year

Before 2018 12

After 2018 7
Study design

Cross-sectional study 15

Cohort 4
Sample size

<100 10

>100 9
Study quality

High

Medium

Low 1
ED measure

IIEF-5 questionnaire 11

Not IIEF-5 questionnaire 7

Not Report 1

Prevalence(95% CI) Heterogeneity test
P ?

39.5%(31.3%—47.7%) <0.001 91.80%
44.5%(26.4%—62.6%) <0.001 97.80%
49.4%(22.3%—76.5%) 0.001 85.50%
48.1%(35.9%—60.3%) <0.001 97.30%
32.8%(22.3%—43.3%) <0.001 90.30%
40.2%(31.7%—48.7%) <0.001 93.80%
50.5%(31.0%—70.1%) <0.001 97.90%
43.6%(32.4%—54.8%) <0.001 86.20%
41.4%(29.4%—53.4%) <0.001 98.00%
45.5%(32.4%— 58.5%) <0.001 98.00%
38.5%(28.4%—48.5%) <0.001 86.70%
49.2%(36.4%—61.9%) / /
45.5%(35.0%—56.0%) <0.001 93.70%
35.6%(26.8%—44.5%) <0.001 92.20%
53.5%(45.3%—61.7%) / /

Table 3. Meta-regression analysis for the effect of each moderator on the prevalence of ED among males with type 1 diabetes.

Moderator Number of patient series Regression coefficient 95% ClI P value Tau? 1?
providing data
Publication year 19 —0.006 —0.016 to 0.005 0.267 0.027 96.05%
Mean age 12 0.008 0.002 to 0.015 0.016 0.018 93.23%
Mean duration of diabetes 10 0.009 0.004 to 0.014 0.004 0.008 84.39%
Sample size 19 —0.000 —0.000 to 0.000 0.425 0.028 95.41%
Study quality 19 0.017 —0.036 to 0.071 0.505 0.029 96.22%
Odds Ratio %
study (95% CI) Weight
Azmi S 2017 : > 22.62 (5.02, 101.95) 8.07
1
Bacon CG 2002 S 5.30 (3.00, 9.36) 66.15
1
Maiorino MI 2016 —_ 8.49 (2.92, 24.66) 25.78

Overall, MH (I* = 43.8%, p = 0.169)

@ 7.52 (4.69, 12.08) 100.00

I
.0078125 1

I
128

Fig. 5 Forest plot of the OR of ED among men with type 1 diabetes compared to controls. Diamond indicates the overall summary
estimate. Diamond width represents the 95% Cl. Boxes indicate the weight of individual studies in the pooled results.

increases ED risk [44]. Hence, depression is probably a crucial risk
element for ED in men with type 1 diabetes. In the present
systematic review, two studies [13, 14] indicated that depression
was a notable risk element for ED in men with type 1 diabetes
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(Table 4). Despite the lack of 95% Cl in the data from these two
studies, the authors believe that depression potentially contri-
butes to ED development in men with type 1 diabetes, rendering
it a notable risk factor.
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Table 4.
diabetes.

Study

Pop-Busui R
et al. [23]

Caruso P
et al. [13]

Hylmarova S
[14]

Azmi S [11]

Maiorino MlI
[20]

Jamieson F
[28]

Klein R [22]

Fedele D [16]

BDI beck depression inventory, BMI body mass index.

*significant.

SPRINGER NATURE

Predictors of ED

Age*

BMI

HbA1c*
Retinopathy*
Age*

Diabetes duration
Weight

BMI

Waist circumference
Depression(BDI)*
Depression(BDI)*
Neuropathy

Disability Score*
Diabetes duration
BMI

Blood pressure
HbA1c

Age

Diabetes duration
Weight*

BMI

HbA1c

Fasting glucose*
Insulin dose

Age*

Diabetes duration*
Microalbuminuria*
HbA1c*

Weight*

Age*

Untreated
hypertension*

Smoking*
HbA1c
BMI

Serum total
cholesterol*

Alcohol
consumption

Retinopathy*
Diabetes duration*
BMI*

Smoking*

Alcohol
consumption

Retinopathy*

OR
30.08
1.35
2.74
2.1
1.38
1.03
1.02
1.22
1.05
1.77
2.19

1.57

1.01
0.99
1.03
0.84
1.06
1.10
1.29
1.19
1.08
1.25
1.14
4.30
5.00
3.70
1.70
1.60
1.10
5.01

2.05
1.74
1.02
2.81

0.80

2.12
1.90
2.50
1.60
1.30

2.60

Systematic review of risk factors for ED in males with type 1

95%CI/P value
8.11-111.61
0.87-2.07
1.73-4.35
1.04-4.30
<0.001
0.361

0.551

0.135

0.241
<0.001
0.001

<0.001

0.354
0.926
0.975
0.169
0.495

0.25

0.002
0.056
0.357
0.022
0.123
1.0-184
2.0-12.6
1.1-12.6
1.2-24
1.2-2.2
1.06—1.14
2.05-12.27

1.01-4.17
0.83—-3.65
0.27—-3.88
1.31-6.01

0.22-2.92

1.24-3.63
1.3-28
1.5-4.1
1.1-2.2
0.9-2.0

2.0-3.7

Age exp(b) %
study (95% Cly Weight
Pop-Busui R 2022 } ——————— 30,08(8.11, 111.61) 0.08
Jamieson F 2008 f——— 4.30 (1.00, 18.40) 0.06
Klein R 2005 o: 1.10 (1.06, 1.14) 99.86
Overall, IV (I = 92.8%, p = 0.000) ‘ 1.10 (1.06, 1.14) 100.00
T T
0078125 1 128
Duration of diabetes
exp(b) %
study (95% Cl) Weight
Jamieson F 2008 ———————  5.00(200, 12.60) 4027
Fedele D 2000 — 1.90 (1.30, 2.80) 50.73
Overall, DL (I = 72.4%, p = 0.057) <> 281 (1.11,7.11) 100.00
T t T
0625 1 16
HbA1c exp(b) %
study (95% Cl) Weight
Pop-Busui R 2022 —————— 274(173,4.35) 31.67
Jamieson F 2008 —_— 1.70 (1.20, 2.40) 56.05
Klein R 2005 ————+—————  174(0.83,365) 1228
Overall IV (I = 27.7%, p = 0.251) <> 1.98 (1.53, 2.57) 100.00
T T
25 1 4
BMI exp(b) %
study (95% Cl) Weight
Pop-Busui R 2022 —_ 1.35 (0.87, 2.07) 54.09
Klein R 2005 - 1.02(0.27, 3.88) 572
;
Fedele D 2000 ———F——— 2.50(1.50,4.10) 4019
Overall IV (I = 48.9%, p = 0.141) <> 1.70 (1.24,2.34) 100.00
T T
25 1 4
Retinopathy explb) %
study (95% Cl) Weight
Pop-Busui R 2022 ———————————— 211(1.04,430) 1239
Kiein R 2005 ——— 212(1.24,369) 21.64
Fedele D 2000 ———  2560(2.00,3.70) 65.97
Overall IV (I = 0.0%, p = 0.746) <> 242 (1.89,3.11) 100.00
T T T
25 1 4
Smoking exp(b) %
study (95% Cl) Weight
Klein R 2005 —— e 205(1.01,417) 19.29
Fedele D 2000 —_— 1.60 (1.10, 2.20) 80.71
Overall IV (I = 0.0%, p = 0.538) <> 1.68 (1.23,2.29) 100.00
T T
25 1 4
Alcohol consumption explb) %
study (95% Cl) Weight
Kiein R 2005 080 (0.22,2.92) 8.71
Fedele D 2000 e 1.30 (0.90, 2.00) 91.20
Overall IV (I = 0.0%, p = 0.482) <:> 1.25(0.85, 1.82) 100.00

T
25

Fig. 6 Forest plot of the ED risk factors among men with type 1
indicates the overall
Diamond width represents the 95% Cl. Boxes indicate the weight

diabetes. Diamond

T
1 4

of individual studies in the pooled results.
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To the authors’ best knowledge, this study is the initial
comprehensive examination and meta-analysis exploring the
worldwide prevalence and determinants of ED in men with type
1 diabetes. However, this study has several limitations. First, the
significant between-study heterogeneity hindered the prevalence
estimation accuracy. The meta-regression analysis revealed that
age and disease duration were the sources of heterogeneity.
Fortunately, the sensitivity analysis demonstrated that the meta-
analysis was relatively robust, enhancing the study’s depend-
ability. Second, only 11 included studies evaluated ED using the
IIEF-5 questionnaire. Evidence-based medicine has proven that the
IlIEF-5 questionnaire is a reliable, multilingual, cross-cultural, and
effective ED measurement scale. The IIEF-5 questionnaire is
internationally recognized as an ED self-assessment questionnaire
and is widely used globally [34]. Therefore, it is recommended that
future studies use the IIEF-5 questionnaire, which would enable
better comparability among different study populations. Further-
more, while age was a noteworthy determinant of ED prevalence
in men with type 1 diabetes, it is important to note that this age
relates to the time the questionnaire survey was conducted.
Besides, numerous recent studies demonstrated a significant
correlation between the age at which type 1 diabetes develops
and its associated complications [45, 46]. Therefore, future
research should also explore the effect of type 1 diabetes onset
age on ED prevalence. Finally, most study populations were in
North America and Europe. Thus, the present findings might not
accurately represent the worldwide ED prevalence in men with
type 1 diabetes due to insufficient research in areas such as
Oceania, Africa, and South America. Therefore, more studies in
these regions are needed to supplement these results.

CONCLUSION

The present systematic review and meta-analysis revealed high ED
prevalence in men with type 1 diabetes, highlighting the
importance of clinicians in addressing ED-related concerns in this
specific population group. Furthermore, the ED risk in men with
type 1 diabetes was significantly influenced by age, type 1
diabetes duration, BMI, HbA1c levels, presence of retinopathy, and
smoking habits. More studies in different regions globally are
needed to supplement the results. It should be noted that it is
recommended that ED be evaluated using the IIEF-5 question-
naire. Additionally, more risk factors, such as age of onset, require
further investigation.
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