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Abstract
Background  Erectile dysfunction (ED) is closely associated with dyslipidemia; however, it is yet unknown how ED 
and remnant cholesterol (RC) are related. As such, this research sought to explore the correlation between RC and ED 
among individuals with diagnosed with diabetes.

Methods  This cross-sectional study used information from 215 males from National Health and Nutrition 
Examination Survey (NHANES) from 2001 to 2004. RC was calculated as follows: the values of high-density lipoprotein 
cholesterol (HDL-c) and low-density lipoprotein cholesterol (LDL-c) were subtracted from the total cholesterol (TC) 
value, while ED diagnoses were based on self-reports. Weighted logistic regression analyses using both univariate and 
multivariate approaches were conducted to assess the correlation between RC and ED.

Results  After comprehensive adjustment, multivariable logistic regression models revealed a strong correlation 
between RC and ED in subjects with diabetes (with an odds ratio (OR) of 7.49 and a 95% confidence interval (CI) of 
1.98–28.37; P = 0.004). On categorizing RC into 3 grades (T1-T3), the OR corresponding to higher RC grade increased. 
Despite the results not reaching statistical significance upon categorization, a consistent and statistically significant 
trend (P for trend < 0.05) was observed.

Conclusion  This study indicated a correlation between increased RC levels and a higher prevalence of ED in diabetic 
males. RC may serve as a promising predictor of ED in individuals with diabetes. However, additional studies are 
required to confirm these findings.
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Background
Erectile dysfunction (ED) has been observed to have an 
increasing incidence with advancing age [1]. ED is cur-
rently acknowledged as a serious health concern among 
the growing population, leading to diminished quality of 
life for individuals affected, as well as for their partners 
and families [2]. The National Institutes of Health’s com-
monly used definition of ED is the inability to develop or 
maintain an erection firm enough for sexual intercourse 
[3]. There are many risk factors, including systemic 
disease(s), and diabetes may increase the incidence of ED 
[4, 5], with some clinical and epidemiological research 
supporting a link between ED and metabolic syndrome 
(MS) [6, 7]. MS is a multifaceted disease that imposes 
considerable socioeconomic burdens, and mainly 
includes hypertension, dyslipidemia, and impaired blood 
glucose regulation. In addition, it is increasingly acknowl-
edged that insulin resistance (IR) and abdominal obesity 
are the main signs of MS [8]. Thus, it is crucial and ben-
eficial that further research be done on the risk factors 
related to ED.

Extensive research has revealed a correlation between 
hyperlipidemia/dyslipidemia and ED [9]. Furthermore, 
several epidemiological investigations have indicated 
that serum markers of dyslipidemia, such as the ratio of 
high-density lipoprotein cholesterol (HDL-c) to total 
cholesterol (TC) and levels of HDL-c and low-density 
lipoprotein cholesterol (LDL-c) serve as predictors of ED 
[10–12]. Therefore, the influence of cholesterol levels, 
other than HDL-c and LDL-c, on the occurrence of ED 
merits further investigation. Most of the remaining cho-
lesterol is primarily composed of intermediate-density 
lipoproteins, very low-density lipoproteins, and rem-
nants of chylomicrons, which are also known as remnant 
cholesterol (RC) [13]. It circulates within the plasma and 
accumulates in the subendothelial region [14, 15], leading 
to endothelial dysfunction, inflammation, and eventually 
the onset of atherosclerosis [15, 16].

Diabetes poses a significant and escalating global 
health burden, with an estimated 592 million individuals 
worldwide projected to be affected by the condition by 
2035 [17, 18]. Complications of diabetes mellitus (DM) 
present a substantial healthcare challenge, encompass-
ing macroangiopathy, microangiopathy, and sexual dys-
function in both sexes. In males with DM, the incidence 
of ED is roughly 3.5 times higher than in those without 
the disease [19]. Patients with DM frequently have hyper-
lipidemia, which leads to the greater risk of vascular dis-
ease in this population [20]. Individuals with DM exhibit 
elevated RC levels compared to those without DM. It has 
been found that elevated RC levels and low-grade inflam-
mation have been linked to a higher likelihood of athero-
sclerotic cardiovascular disease in participants diagnosed 
with DM [21]. According to a prior study, ED could serve 

as a standalone predictor for cardiovascular disease 
(CVD) and its associated outcomes [22]. Therefore, there 
may be a close correlation between RC and the develop-
ment of ED among individuals with DM.

To the best of current knowledge, there is limited 
research investigating the relationship between RC and 
ED in males with DM. For the first time, a novel cor-
relation between RC and ED may be identified, par-
ticularly within the diabetic population, which may 
help provide different approaches to ED intervention or 
prevention. Therefore, to explore the question, this cross-
sectional investigation used extensive information from 
the National Health and Nutrition Examination Survey 
(NHANES) (2001–2004).

Materials and methods
Study population
The Centers for Disease Control and Prevention adminis-
ters the NHANES, a survey that attempts to assess Amer-
ican health and nutritional status. The NHANES has a 
multi-stage, complicated probability sampling approach. 
Every year, the program investigates a nationally repre-
sentative sample of five thousand individuals drawn from 
15 different sites within a sampling frame of all counties 
in the United States [23]. The survey aimed to analyze a 
range of 200 to 400 individuals in each of the sampling 
domains, which varied from 60 to 80, encompassing 
various demographic factors including age, sex, race, and 
ethnicity, over a comprehensive four-year survey period 
[24]. This survey is unique because it integrates inter-
views and physical assessments. The interviews address 
topics including demographics, socioeconomic factors, 
dietary habits, and health-related information. The sur-
vey includes a range of dental, medical, and physiologi-
cal assessments performed by skilled medical personnel 
along with laboratory analyses. Authorization for use of 
the survey was received from the National Center for 
Health Statistics Research Ethics Review Board (NCHS 
REB), which guaranteed that each participant provided 
informed consent. The website provided access to exten-
sive statistical data (https://www.cdc.gov/nchs/nhanes/).

Due to the restricted availability of questionnaire 
information addressing ED in other years, in this study, 
NHANES data from two cycles (2001–2002 and 2003–
2004) were used. Of 31,473 samples, only 7261 remained 
for analysis due to the absence of cholesterol data for 
24,482 samples. Further exclusion of 5455 samples with 
missing ED data resulted in the inclusion of 1806 sam-
ples. Individuals without DM or with incomplete infor-
mation were excluded (n = 1591). Ultimately, a cohort 
comprising 215 individuals was included in this study 
(Fig. 1 ).

https://www.cdc.gov/nchs/nhanes/
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Assessment of ED
The subsequent inquiry, taken from the Massachusetts 
Male Aging Study, was used to evaluate erectile func-
tion, “Many men have difficulties during sexual activity. 
What would you say about your capacity to achieve and 
maintain an erection strong enough for fulfilling sexual 
activity?”. “Usually able”, “always or almost always able”, 
“sometimes able”, and “never able” were the options 
for the responses. “The inability to sustain an erection 

sufficient to satisfy sexual relations was defined as ED 
[25, 26].

Assessment of RC
In the mobile examination center (MEC), the samples of 
blood are prepared, kept, and then sent to the Lipopro-
tein Analytical Laboratory at Johns Hopkins University 
for analysis. The RC value was derived by subtracting the 
combined levels of LDL-c and HDL-c from the TC level, 

Fig. 1  Flow chart of the screening process for the selection of eligible participants
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which was determined based on the patient’s standard 
fasting lipid profile [27, 28].

Assessment of DM
Subjects in this study were diagnosed with DM. Subjects 
were considered to have DM if physicians had informed 
them of their condition, current usage of glucose-low-
ering medication, or glycated hemoglobin (HbA1c) 
levels ≥ 6.5%.

Covariates
Based on previous research, potential factors consid-
ered in the study encompassed age, race/ethnicity, body 
mass index (BMI), level of education, smoking and alco-
hol consumption status, hypertension, and CVD. Five 
separate groups were created based on self-reported 
racial/ethnic identity: Mexican Americans; Other His-
panic; Non-Hispanic White; Non-Hispanic Black; and 
Other Race-Including Multi-Racial. Educational levels 
were categorized into five groups: < 9th grade; 9–11th 
grade, high-school graduate/GED or equivalent; col-
lege or AA degree; and college graduate or above. Indi-
viduals who acknowledged consuming a minimum of 12 
alcoholic beverages throughout their lifetime were cat-
egorized as having a drinking habit. Those who had ever 
smoked ≥ 100 cigarettes were classified as smokers for the 
purposes of the survey. Individuals who were surveyed 
and found to have hypertension had been previously 
diagnosed with the condition. Additionally, participants 
identified with myocardial infarction, angina, coronary 
artery disease, or heart failure were categorized as having 
CVD.

Statistical analysis
All statistical analyses were conducted using Empower-
Stats (X&Y Solutions, Inc. (http://www.empowerstats.
com) and R (The R Foundation http://www.R-project.
org). Due to the intricate sampling design used in the 
NHANES, strata, primary sampling units, and sampling 
weights were taken into account during the data analyz-
ing process to ensure that the calculated statistics accu-
rately represented the entire US population, following the 
National Center for Health Statistics’ guidelines [29, 30].

In the baseline features (Table 1), continuous variables 
are represented as weighted mean and standard deviation 
(SD), whereas categorical data are expressed as weighted 
proportion. Survey-weighted linear regression was 
employed to examine differences between individuals 
with and without ED for continuous variables, whereas 
survey-weighted chi-squared tests were employed to 
analyze categorical variables. Logistic regression models, 
both univariate and multivariate, were used to investi-
gated the correlation between the prevalence of ED and 
RC level in patients with DM. Three alternative models 

were used in this study: Model 1 (unadjusted); Model 
2, which considered age, BMI, and race/ethnicity; and 
Model 3, which included adjustments for Model 2 + edu-
cation level, smoking status, alcohol intake, hypertension, 
and CVD.

Results
Basic characteristics
A sample of 215 subjects 20 to 85 years of age, was 
included in the study. Of these, 61 reported experienc-
ing ED, while the remaining 154 did not. Most subjects 
with ED were > 40 years of age. The largest percentage of 
subjects with ED had academic degrees, comprising col-
lege graduates or above (27.9%). The incidence of ED was 
considerably higher among smokers (75.4%) compared 
with nonsmokers (66.2%). Among those who reported 
ED, 44.3% had a BMI > 30  kg/m2. As weight increased, 
from normal weight to overweight to obese, the preva-
lence of ED increased. Of those who reported ED, 63.9% 
reported a history of hypertension, and 47.5% had CVD.

The association between RC and ED
Statistical analysis of the stratified samples revealed a 
notable correlation between RC and ED among subjects 
with DM, suggesting that RC may put those with DM 
at risk for developing ED. ED is more common among 
individuals with elevated RC levels. The relationship 
between RC and ED in subjects diagnosed with DM 
was investigated using multivariate logistic regression 
analysis that was weight-adjusted. Using the unadjusted 
model, partially adjusted variables, and a fully adjusted 
model, a notable association was detected between RC 
and ED. Detailed information is summarized in Table 2. 
In the unadjusted model (i.e., Model 1) (odds ratio (OR) 
2.86 [95% confidence interval (CI) 1.37–5.95]; P = 0.009), 
partially adjusted variables (Model 2) (OR 4.14 [95% CI 
1.76–9.74]; P = 0.004), and completely adjusted model 
(Model 3) (OR 7.49 [95% CI 1.98–28.37]; P = 0.007), the 
association between ED and RC remained strongly posi-
tive despite adjustment for more variables. In addition, 
on categorizing RC into 3 grades (T1-T3), an increase 
in OR values corresponding to higher RC grade was 
observed. Although the outcome did not achieve statis-
tical significance following categorization, a consistent 
and statistically significant trend was observed (P for 
trend < 0.05).

Discussion
The purpose of this study was to evaluate the connection 
between RC and ED in subjects diagnosed with DM. Data 
from two NHANES cycles (2001–2004) were retrieved 
and analyzed. Findings revealed a positive relationship 
between RC and the prevalence of ED in subjects with 

http://www.empowerstats.com
http://www.empowerstats.com
http://www.R-project.org
http://www.R-project.org
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Table 1  Baseline characteristics of participants by a history of erectile dysfunction, weighted
Characteristic History of erectile dysfunction P-value

No
(n = 154)

Yes
(n = 61)

Age (years, mean ± SD) 58.9 ± 13.9 72.3 ± 9.1 < 0.001
RC (mmol/L, mean ± SD) 0.8 ± 0.4 0.9 ± 0.4 0.155
Race (%) 0.146

Mexican American 28.6 23.0
Other Hispanic 4.5 1.6
Non-Hispanic White 42.2 60.7
Non-Hispanic Black 20.1 13.1
Other Race - Including Multi-Racial 4.5 1.6

Education level (%) 0.290
Less Than 9th Grade 18.2 21.3
9-11th Grade 13.6 14.8
High School Grad/GED or Equivalent 22.7 13.1
Some College or AA degree 27.9 23.0
College Graduate or above 17.5 27.9

Alcohol intaking (%) 0.849
Yes 16.2 13.1
No 11.0 11.5
Missing 72.7 75.4

Smoking (%) 0.190
Yes 66.2 75.4
No 33.8 24.6

Hypertension (%) 0.361
Yes 57.1 63.9
No 42.9 36.1

CVD (%) < 0.001
Yes 15.6 47.5
No 84.4 52.5

BMI (%) 0.253
<=25 16.2 24.6
> 25, <=30 40.9 31.1
> 30 42.9 44.3

Mean + SD for continuous variables, and P value was calculated by weighted t test. % for categorical variables, and P value was calculated by weighted chi-square 
test. SD = standard deviation, RC = remnant cholesterol, CVD = cardiovascular disease, BMI = body mass index

Table 2  Association between remnant cholesterol and erectile dysfunction among diabetic individuals
OR (95%CI), P-value
Model 1
OR (95% CI), P

Model 2
OR (95% CI), P

Model 3
OR (95% CI), P

Continuous 2.86(1.37,5.95),0.009 4.14(1.76,9.74),0.004 7.49(1.98,28.37),0.007
Categories
T1 Reference Reference Reference
T2 1.02(0.24,4.32),0.973 0.75(0.18,3.17),0.678 1.03(0.18,5.96),0.967
T3 2.00(0.55,7.31),0.305 1.84(0.45,7.56),0.378 3.78(0.79,18.08),0.083
P for trend 0.029 0.024 0.002
CI: confidence interval, OR: odds ratio

Model 1 was unadjusted,

Model 2 was adjusted for age, race, and BMI,

Model 3 was adjusted for age, race, BMI, education level, smoking, alcohol intaking, hypertension, and cardiovascular disease (CVD).
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DM, suggesting that RC may, in part, represent a risk fac-
tor for ED.

Hyperlipidemia/dyslipidemia, an important compo-
nent of MS, significantly contributes to vascular risk 
and affects erectile function. This effect may be attrib-
uted to the development of atherosclerosis and damage 
to the endothelium [9]. According to some studies, each 
MS component is crucial for diagnosing ED and, treat-
ing each component separately is vital [31]. Research has 
also found that individuals with obstructive sleep apnea 
syndrome (OSAS) experience an increased likelihood of 
developing ED [32]. Due to intermittent hypoxia caused 
by OSAS, some researchers have speculated that this dis-
turbance in circadian rhythm may result in reduced nitric 
oxide (NO) production, altered sex hormone levels, and 
neurological dysfunction, all of which could impair erec-
tile function [33, 34].

Furthermore, several investigations have linked ele-
vated RC levels to CVD, and RC is independent of tra-
ditional cardiovascular risk factors [35]. Moreover, some 
evidence suggests that ED is also a distinct indicator of 
CVD; alternatively, ED causes CVD by initiating related 
CVD events [36], and ED and CVD represent two mani-
festations of an underlying shared physiological process 
[22]. Therefore, many risk factors associated with CVD 
may increase the possibility of developing ED. Piero 
Montorsi et al. found that all vascular beds are equally 
affected by atherosclerosis; however, compared to big-
ger arteries, smaller arteries are more likely to become 
blocked [37, 38]. Compared to the coronary arteries, the 
penile arteries are smaller in diameter. Consequently, 
similar to coronary arteries, penile arteries are more 
prone to have blood flow obstruction at the same degree 
of endothelial dysfunction and atherosclerosis [37]. Glass 
CK et al. reported that elevated plasma cholesterol levels 
may independently drive the development of atheroscle-
rosis [39]. It is considered that RC may be a major con-
tributor in the development of atherosclerosis through its 
pro-inflammatory effects, which include the induction of 
low-grade inflammation and the activation of endothelial 
cells in a manner that promotes inflammation [40]. One 
hypothesis proposed a potential connection between 
heightened RC levels and increased triglyceride content 
of LDL-c particles, particularly the small dense LDL-c 
particles that tend to promote atherosclerosis and have 
a prolonged residence time in the bloodstream [41]. Sur-
prisingly, a strong correlation has been found between 
increased RC levels and a five-fold rise in the likelihood of 
peripheral artery disease in the general population [42]. 
Hence, there is a potentially close relationship between 
RC and ED. The key to future treatments may rely on 
switching to a different strategy that considers the unique 
constituents of non-HDL-c, which could lead to more 
targeted and effective interventions; clinical trials are 

already assessing reducing treatments that target RC [43]. 
Therefore, based on results of this study and extensive 
existing researches, it is possible that the involvement of 
RC could potentially impact the subsequent development 
and advancement of ED, and this study may contribute 
to providing new directions for the management and pre-
vention of ED. However, further investigation is crucial to 
determine the mechanism(s) and significance.

Moreover, DM is associated with higher RC levels, 
which are likely attributable to dietary and lifestyle vari-
ables, as well as IR and high blood glucose levels, which 
lead to greater retention of triglyceride-rich lipoproteins 
in the plasma, impairing the activity of lipoprotein lipases 
[44, 45]. Reactive oxygen species (ROS) may accumulate 
up in pancreatic β-cells due to stress in the endoplasmic 
reticulum and malfunction in the mitochondria caused 
by an excess of cholesterol. Consequently, this process 
may lead to structural modifications in particles con-
taining insulin [46]. The abundance, size, and cholesterol 
content of RC particles surpasses those of LDL-c parti-
cles. Therefore, it is possible to speculate that RC poses 
a greater risk to pancreatic β-cells [47]. Additionally, RC 
may exacerbate IR and induce a systemic proinflamma-
tory state, potentially leading to aberrant glucose metab-
olism [48, 49]. Research has revealed a strong correlation 
between IR and Peyronie’s disease [50], which is consid-
ered to be a cause of ED. Meanwhile, ED may be exac-
erbated by IR states, which are characterized by reduced 
vascular NO production and diminished insulin-induced 
vasodilation [51]. The impact of DM on ED encompasses 
various elements such as hormonal, vascular, and neuro-
logical factors [52]. Traditionally, the fundamental cause 
has been attributed to microvascular impairment and 
inadequate delivery of oxygen and blood supply to nerves 
due to glycosylation [53]. Furthermore, endothelial dys-
function caused by ROS and hyperglycemia can reduce 
vascular NO levels and impair vasodilation [54, 55], 
thereby significantly contributing to the increased inci-
dence of ED in patients with DM. Therefore, it is essential 
to prevent and treat ED by effectively managing DM and 
RC levels. Consequently, in the context of diabetic ED, 
future research could focus on elucidating the mechanis-
tic link between elevated RC levels, inadequate glycemic 
management, persistent low-grade inflammation, and IR.

Strengths and limitations
This study boasts several advantages. Notably, A sizable 
sample taken from the NHANES was used in this thor-
ough analysis of diabetes patients in the United States. 
Second, little research has investigated the relation-
ship between RC and ED, especially among individu-
als with DM. Third, the pathogenesis of ED is complex, 
and the identification of new risk factors is advantageous 
for its early detection and management; consequently, 
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prospects for clinical application(s) are promising. How-
ever, the study also had some limitations, the first of 
which was its cross-sectional design, which pose limita-
tions when assessing the association between fluctua-
tions in RC levels and the onset of ED. Therefore, a direct 
causal relationship between RC and ED could not be 
inferred from the findings. As such, further high-quality 
prospective studies are required to obtain more con-
clusive results. Additionally, ED assessment is based on 
patient self-reports, which, while convenient and nonin-
vasive, introduce the potential for recall bias. Standard-
ized assessment tools or medical records are options 
to mitigate the effects of recall bias; however, the cost 
involved in such research is high. Therefore, additional 
studies to establish a causal link between RC and the 
prevalence of ED in diabetic individuals are warranted.

Conclusion
This study found that among males with DM, there was 
a positive connection between elevated RC levels and a 
higher prevalence of ED. RC could potentially act as a 
valuable predictor for ED in individuals with DM, thus 
enabling clinicians to implement more targeted screening 
and intervention strategies for ED. However, the causal 
connection between RC and ED necessitates additional 
research.

Abbreviations
ED	� Erectile dysfunction
RC	� Remnant cholesterol
NHANES	� National Health and Nutrition Examination Survey
TC	� Total cholesterol
HDL-c	� High-density lipoprotein cholesterol
LDL-c	� Low-density lipoprotein cholesterol
OR	� Odds ratio
CI	� Confidence interval
MS	� Metabolic syndrome
IR	� Insulin resistance
DM	� Diabetes mellitus
CVD	� Cardiovascular disease
NCHS REB	� National Center for Health Statistics Research Ethics Review 

Board
MEC	� Mobile examination center
BMI	� Body mass index
SD	� Standard deviation
OSAS	� Obstructive sleep apnea syndrome
NO	� Nitric oxide
ROS	� Reactive oxygen species

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12944-024-02046-8.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
We really acknowledge the invaluable data provided by the NHANES database 
and we would like to thank Editage (www.editage.cn) for English language 
editing.

Author contributions
(1) Design and conception: J Wang, YJ Bai, S Yin, (2) Administrative assistance 
and oversight: J Wang, YJ Bai (3) Data collection and collation: K Huang, YF 
Xiao, JW Cui, JH Wang, (4) Data analysis: YJ Bai, S Yin, (5) Manuscript writing: K 
Huang, (6) All authors contributed a lot to the article and approved the final 
version.

Funding
This work did not receive any funding.

Data availability
The dataset supporting the conclusions of this article is available in the 
NHANES: https://www.cdc.gov/nchs/nhanes/index.htm.hh.

Declarations

Ethics approval and consent to participate
The research conducted on human subjects underwent a thorough review 
and received approval from the Research Ethics Review Board at the National 
Center for Health Statistics. Prior to being included in this study, all patients/
participants provided written consent.

Consent for publication
Relevant data from participants were collected from the publicly accessible 
NHANES database, eliminating the need for obtaining additional consent.

Competing interests
All authors confirm that they do not have any connections or participation in 
any organization or institution with a financial or non-financial interest in the 
topic or materials covered in this paper.

Received: 12 November 2023 / Accepted: 13 February 2024

References
1.	 Lewis RW, Fugl-Meyer KS, Corona G, Hayes RD, Laumann EO, Moreira ED 

Jr., Rellini AH, Segraves T. Definitions/epidemiology/risk factors for sexual 
dysfunction. J Sex Med. 2010;7:1598–607.

2.	 McCabe MP, Sharlip ID, Atalla E, Balon R, Fisher AD, Laumann E, Lee SW, Lewis 
R, Segraves RT. Definitions of sexual dysfunctions in women and men: a 
Consensus Statement from the Fourth International Consultation on sexual 
Medicine 2015. J Sex Med. 2016;13:135–43.

3.	 Consensus development conference statement. National Institutes of Health. 
Impotence. December 7–9., 1992. Int J Impot Res 1993, 5:181–284.

4.	 Romano L, Zagari RM, Arcaniolo D, Crocetto F, Spirito L, Sciorio C, Gravina AG, 
Dajti E, Barone B, La Rocca R, et al. Sexual dysfunction in gastroenterological 
patients: do gastroenterologists care enough? A nationwide survey from the 
Italian Society of Gastroenterology (SIGE). Dig Liver Dis. 2022;54:1494–501.

5.	 Romano L, Pellegrino R, Sciorio C, Barone B, Gravina AG, Santonastaso A, 
Mucherino C, Astretto S, Napolitano L, Aveta A, et al. Erectile and sexual 
dysfunction in male and female patients with celiac disease: a cross-sectional 
observational study. Andrology. 2022;10:910–8.

6.	 Jackson G. The metabolic syndrome and erectile dysfunction: multiple vascu-
lar risk factors and hypogonadism. Eur Urol. 2006;50:426–7.

7.	 Heidler S, Temml C, Broessner C, Mock K, Rauchenwald M, Madersbacher 
S, Ponholzer A. Is the metabolic syndrome an independent risk factor for 
erectile dysfunction? J Urol. 2007;177:651–4.

8.	 Kassi E, Pervanidou P, Kaltsas G, Chrousos G. Metabolic syndrome: definitions 
and controversies. BMC Med. 2011;9:48.

9.	 Miner M, Billups KL. Erectile Dysfunction and Dyslipidemia: relevance 
and role of phosphodiesterase Type-5 inhibitors and statins. J Sex Med. 
2008;5:1066–78.

10.	 Selvin E, Burnett AL, Platz EA. Prevalence and risk factors for erectile dysfunc-
tion in the US. Am J Med. 2007;120:151–7.

11.	 Rosen RC, Fisher WA, Eardley I, Niederberger C, Nadel A, Sand M. The multina-
tional men’s attitudes to life events and sexuality (MALES) study: I. Prevalence 
of erectile dysfunction and related health concerns in the general popula-
tion. Curr Med Res Opin. 2004;20:607–17.

https://doi.org/10.1186/s12944-024-02046-8
https://doi.org/10.1186/s12944-024-02046-8
http://www.editage.cn
https://www.cdc.gov/nchs/nhanes/index.htm.hh


Page 8 of 8Huang et al. Lipids in Health and Disease           (2024) 23:55 

12.	 Feldman HA, Goldstein I, Hatzichristou DG, Krane RJ, McKinlay JB. Impotence 
and its medical and psychosocial correlates: results of the Massachusetts 
Male Aging Study. J Urol. 1994;151:54–61.

13.	 Varbo A, Nordestgaard BG. Remnant cholesterol and Triglyceride-Rich 
Lipoproteins in atherosclerosis progression and Cardiovascular Disease. 
Arterioscler Thromb Vasc Biol. 2016;36:2133–5.

14.	 Nordestgaard BG, Wootton R, Lewis B. Selective retention of VLDL, IDL, 
and LDL in the arterial intima of genetically hyperlipidemic rabbits in vivo. 
Molecular size as a determinant of fractional loss from the intima-inner 
media. Arterioscler Thromb Vasc Biol. 1995;15:534–42.

15.	 Tabas I, Williams KJ, Borén J. Subendothelial lipoprotein retention as the 
initiating process in atherosclerosis: update and therapeutic implications. 
Circulation. 2007;116:1832–44.

16.	 Miller M, Stone NJ, Ballantyne C, Bittner V, Criqui MH, Ginsberg HN, Goldberg 
AC, Howard WJ, Jacobson MS, Kris-Etherton PM, et al. Triglycerides and 
cardiovascular disease: a scientific statement from the American Heart Asso-
ciation. Circulation. 2011;123:2292–333.

17.	 Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U, Shaw JE. 
Global estimates of diabetes prevalence for 2013 and projections for 2035. 
Diabetes Res Clin Pract. 2014;103:137–49.

18.	 Reddy YNV, Carter RE, Obokata M, Redfield MM, Borlaug BA. A simple, 
evidence-based Approach to help Guide diagnosis of heart failure with 
preserved ejection fraction. Circulation. 2018;138:861–70.

19.	 Defeudis G, Mazzilli R, Tenuta M, Rossini G, Zamponi V, Olana S, Faggiano 
A, Pozzilli P, Isidori AM, Gianfrilli D. Erectile dysfunction and diabetes: a 
melting pot of circumstances and treatments. Diabetes Metab Res Rev. 
2022;38:e3494.

20.	 O’Brien T, Nguyen TT, Zimmerman BR. Hyperlipidemia and diabetes mellitus. 
Mayo Clin Proc. 1998;73:969–76.

21.	 Wadström BN, Pedersen KM, Wulff AB, Nordestgaard BG. Elevated remnant 
cholesterol and atherosclerotic cardiovascular disease in diabetes: a 
population-based prospective cohort study. Diabetologia. 2023;66:2238–49.

22.	 Mostafaei H, Mori K, Hajebrahimi S, Abufaraj M, Karakiewicz PI, Shariat SF. 
Association of erectile dysfunction and cardiovascular disease: an umbrella 
review of systematic reviews and meta-analyses. BJU Int. 2021;128:3–11.

23.	 Zipf G, Chiappa M, Porter KS, Ostchega Y, Lewis BG, Dostal J. National health 
and nutrition examination survey: plan and operations, 1999–2010. Vital 
Health Stat 1 2013:1–37.

24.	 Johnson CL, Dohrmann SM, Burt VL, Mohadjer LK. National health and 
nutrition examination survey: sample design, 2011–2014. Vital Health Stat 2 
2014:1–33.

25.	 O’Donnell AB, Araujo AB, Goldstein I, McKinlay JB. The validity of a single-
question self-report of erectile dysfunction. Results from the Massachusetts 
Male Aging Study. J Gen Intern Med. 2005;20:515–9.

26.	 Cao S, Hu X, Shao Y, Wang Y, Tang Y, Ren S, Li X. Relationship between weight-
adjusted-waist index and erectile dysfunction in the United State: results 
from NHANES 2001–2004. Front Endocrinol (Lausanne). 2023;14:1128076.

27.	 Stürzebecher PE, Katzmann JL, Laufs U. What is ‘remnant cholesterol’? Eur 
Heart J. 2023;44:1446–8.

28.	 Qian S, You S, Sun Y, Wu Q, Wang X, Tang W, Dong X, Liu CF, Xu T, Cao Y, Zhong 
C. Remnant cholesterol and common carotid artery intima-media thickness 
in patients with ischemic stroke. Circ Cardiovasc Imaging. 2021;14:e010953.

29.	 Mirel LB, Mohadjer LK, Dohrmann SM, Clark J, Burt VL, Johnson CL, Curtin LR. 
National Health and Nutrition Examination Survey: estimation procedures, 
2007–2010. Vital Health Stat 2 2013:1–17.

30.	 Curtin LR, Mohadjer LK, Dohrmann SM, Kruszon-Moran D, Mirel LB, Carroll 
MD, Hirsch R, Burt VL, Johnson CL. National Health and Nutrition Examination 
Survey: sample design, 2007–2010. Vital Health Stat 2 2013:1–23.

31.	 Corona DG, Vena W, Pizzocaro A, Rastrelli G, Sparano C, Sforza A, Vignozzi L, 
Maggi M. Metabolic syndrome and erectile dysfunction: a systematic review 
and meta-analysis study. J Endocrinol Invest. 2023;46:2195–211.

32.	 Cantone E, Massanova M, Crocetto F, Barone B, Esposito F, Arcaniolo D, 
Corlianò F, Romano L, Motta G, Celia A. The relationship between obstructive 
sleep apnoea and erectile dysfunction: an underdiagnosed link? A prospec-
tive cross-sectional study. Andrologia. 2022;54:e14504.

33.	 Kalejaiye O, Raheem AA, Moubasher A, Capece M, McNeillis S, Muneer A, 
Christopher AN, Garaffa G, Ralph DJ. Sleep disorders in patients with erectile 
dysfunction. BJU Int. 2017;120:855–60.

34.	 Jankowski JT, Seftel AD, Strohl KP. Erectile dysfunction and sleep related 
disorders. J Urol. 2008;179:837–41.

35.	 Quispe R, Martin SS, Michos ED, Lamba I, Blumenthal RS, Saeed A, Lima J, 
Puri R, Nomura S, Tsai M, et al. Remnant cholesterol predicts cardiovascular 

disease beyond LDL and ApoB: a primary prevention study. Eur Heart J. 
2021;42:4324–32.

36.	 Jackson G. Prevention of cardiovascular disease by the early identification of 
erectile dysfunction. Int J Impot Res. 2008;20(Suppl 2):9–14.

37.	 Montorsi P, Ravagnani PM, Galli S, Salonia A, Briganti A, Werba JP, Montorsi 
F. Association between erectile dysfunction and coronary artery disease: 
matching the right target with the right test in the right patient. Eur Urol. 
2006;50:721–31.

38.	 Montorsi P, Ravagnani PM, Galli S, Rotatori F, Veglia F, Briganti A, Salonia 
A, Dehò F, Rigatti P, Montorsi F, Fiorentini C. Association between erectile 
dysfunction and coronary artery disease. Role of coronary clinical presenta-
tion and extent of coronary vessels involvement: the COBRA trial. Eur Heart J. 
2006;27:2632–9.

39.	 Glass CK, Witztum JL. Atherosclerosis. The road ahead. Cell. 2001;104:503–16.
40.	 Varbo A, Benn M, Tybjærg-Hansen A, Nordestgaard BG. Elevated remnant 

cholesterol causes both low-grade inflammation and ischemic heart disease, 
whereas elevated low-density lipoprotein cholesterol causes ischemic heart 
disease without inflammation. Circulation. 2013;128:1298–309.

41.	 März W, Scharnagl H, Winkler K, Tiran A, Nauck M, Boehm BO, Winkelmann 
BR. Low-density lipoprotein triglycerides associated with low-grade systemic 
inflammation, adhesion molecules, and angiographic coronary artery 
disease: the Ludwigshafen Risk and Cardiovascular Health study. Circulation. 
2004;110:3068–74.

42.	 Wadström BN, Wulff AB, Pedersen KM, Jensen GB, Nordestgaard BG. Elevated 
remnant cholesterol increases the risk of peripheral artery disease, myo-
cardial infarction, and ischaemic stroke: a cohort-based study. Eur Heart J. 
2022;43:3258–69.

43.	 Graham MJ, Lee RG, Brandt TA, Tai LJ, Fu W, Peralta R, Yu R, Hurh E, Paz E, 
McEvoy BW, et al. Cardiovascular and Metabolic effects of ANGPTL3 antisense 
oligonucleotides. N Engl J Med. 2017;377:222–32.

44.	 Chait A, Ginsberg HN, Vaisar T, Heinecke JW, Goldberg IJ, Bornfeldt KE. 
Remnants of the Triglyceride-Rich Lipoproteins, diabetes, and Cardiovascular 
Disease. Diabetes. 2020;69:508–16.

45.	 Ginsberg HN, Packard CJ, Chapman MJ, Borén J, Aguilar-Salinas CA, Averna M, 
Ference BA, Gaudet D, Hegele RA, Kersten S, et al. Triglyceride-rich lipopro-
teins and their remnants: metabolic insights, role in atherosclerotic cardiovas-
cular disease, and emerging therapeutic strategies-a consensus statement 
from the European Atherosclerosis Society. Eur Heart J. 2021;42:4791–806.

46.	 Perego C, Da Dalt L, Pirillo A, Galli A, Catapano AL, Norata GD. Cholesterol 
metabolism, pancreatic β-cell function and diabetes. Biochim Biophys Acta 
Mol Basis Dis. 2019;1865:2149–56.

47.	 Sokooti S, Flores-Guerrero JL, Heerspink HJL, Connelly MA, Bakker SJL, Dul-
laart RPF. Triglyceride-rich lipoprotein and LDL particle subfractions and their 
association with incident type 2 diabetes: the PREVEND study. Cardiovasc 
Diabetol. 2021;20:156.

48.	 Nordestgaard BG. Triglyceride-Rich lipoproteins and Atherosclerotic Cardio-
vascular Disease: New insights from Epidemiology, Genetics, and Biology. Circ 
Res. 2016;118:547–63.

49.	 Wagner R, Jaghutriz BA, Gerst F, Barroso Oquendo M, Machann J, Schick F, 
Löffler MW, Nadalin S, Fend F, Königsrainer A, et al. Pancreatic steatosis associ-
ates with impaired insulin secretion in genetically predisposed individuals. J 
Clin Endocrinol Metab. 2020;105:3518–25.

50.	 Crocetto F, Barone B, Manfredi C, Trama F, Romano L, Romeo M, Russo G, 
Sicignano E, Persico F, Aveta A et al. Are insulin resistance and non-alcoholic 
fatty liver disease associated with Peyronie’s disease? A pilot study. J Physiol 
Pharmacol 2022, 73.

51.	 Trussell JC, Legro RS. Erectile dysfunction: does insulin resistance play a part? 
Fertil Steril. 2007;88:771–8.

52.	 Schulster ML, Liang SE, Najari BB. Metabolic syndrome and sexual dysfunc-
tion. Curr Opin Urol. 2017;27:435–40.

53.	 Forbes JM, Cooper ME. Mechanisms of diabetic complications. Physiol Rev. 
2013;93:137–88.

54.	 Beckman JA, Goldfine AB, Gordon MB, Creager MA. Ascorbate restores 
endothelium-dependent vasodilation impaired by acute hyperglycemia in 
humans. Circulation. 2001;103:1618–23.

55.	 Huang PL. A comprehensive definition for metabolic syndrome. Dis Model 
Mech. 2009;2:231–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Sexual dysfunction in patients with diabetes: association between remnant cholesterol and erectile dysfunction
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Study population
	﻿Assessment of ED
	﻿Assessment of RC
	﻿Assessment of DM
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Basic characteristics
	﻿The association between RC and ED

	﻿Discussion
	﻿Strengths and limitations
	﻿Conclusion
	﻿References


