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Aims: Sex hormones play an important role in the pathogenesis of cardiovascular disease
(CVD). This cross-sectional study aimed to explore the associations of
dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEAS) with
coronary heart disease (CHD) and stroke in middle-aged and elderly patients with type
2 diabetes mellitus (T2DM).

Materials and Methods: A total of 995 patients with T2DM were included in the study
analysis. Serum levels of DHEA and DHEAS were quantified using liquid chromatography—
tandem mass spectrometry. Binary logistic regression analyses were performed to assess
the associations of DHEA and DHEAS with CHD and stroke. Receiver operating
characteristic (ROC) curve analysis was performed to determine the optimal DHEA and
DHEAS cutoff values for the detection of CHD in men with T2DM.

Results: In men with T2DM, after adjustment for potential confounders in model 3, the
risk of CHD decreased with an increasing serum DHEA level [odds ratio (OR) = 0.38,
quartile 4 vs. quartile 1; 95% confidence interval (Cl) = 0.16-0.90; p = 0.037 for trend).
Consistently, when considered as a continuous variable, this association remained
significant in the fully adjusted model (OR = 0.59, 95% CI| = 0.40-0.87, p < 0.05).
When taken as a continuous variable in model 3, serum DHEAS level was also inversely
related to the risk of CHD among men (OR = 0.56, 95% CI = 0.38-0.82, p < 0.05).
Similarly, this relationship remained statistically significant when DHEAS was categorized
into quartiles (OR = 0.27, quartile 4 vs. quartile 1; 95% Cl = 0.11-0.67; p = 0.018 for
trend). ROC curve analyses revealed that the optimal cutoff values to detect CHD in men
with T2DM were 6.43 nmol/L for DHEA and 3.54 umol/L for DHEAS. In contrast, no
significant associations were found between DHEA and DHEAS on the one hand and
stroke on the other in men and women with T2DM (all p > 0.05).

Conclusions: Serum DHEA and DHEAS were significantly and negatively associated with
CHD in middle-aged and elderly men with T2DM. This study suggests potential roles of
DHEA and DHEAS in CHD pathogenesis.

Keywords: dehydroepiandrosterone, dehydroepiandrosterone sulfate, coronary heart disease, stroke, type 2
diabetes mellitus
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INTRODUCTION

Cardiovascular disease (CVD) is currently the leading cause of
death worldwide. Coronary heart disease (CHD) and stroke are
two major forms of CVD, accounting for 84.9% of deaths
combined (1). Evidence indicates that sex has different effects
on the manifestations and prognosis of CVD (2-4). In men,
CHD is the initial manifestation; however, in women, it can
present as stroke or heart failure. It is widely accepted that male
sex is a strong risk factor for CVD. Nevertheless, the sex-related
gap narrows as the incidence of CHD rapidly increases,
concurrent with the transition to menopause in women (5, 6).
This sexual dimorphism indicates that sex hormones play an
important role in the pathogenesis of CVD.
Dehydroepiandrosterone (DHEA) and the more abundant
dehydroepiandrosterone sulfate (DHEAS) are important
precursors of the active sex hormones testosterone and
estradiol. DHEA has been hypothesized to reverse vascular
remodeling, improve vascular endothelial cell function, and
reduce oxidative stress (7-9). Previous studies have shown
that, in men, low serum levels of DHEA increase the risk of
CHD; however, the relationship between DHEAS and CHD is
contradictory (10, 11). Among women, the associations of
DHEA and DHEAS with CVD have also been found to be
inconsistent (11-13). Additionally, diabetes has adverse effects

on the reproductive system and sex hormones and increases the
frequency of hypogonadism (14, 15). The risk of CVD among
patients with diabetes is twice that of non-diabetic men and three
times that of non-diabetic women (16). However, few studies
have reported the associations of DHEA and DHEAS with CHD
and stroke in patients with type 2 diabetes mellitus (T2DM).
Therefore, this cross-sectional study aimed to explore the
associations of DHEA and DHEAS with CHD and stroke among
middle-aged and elderly men and women with T2DM.

MATERIALS AND METHODS

Study Subjects

The medical records of 1,416 patients with T2DM who were
hospitalized in the Department of Endocrinology and
Metabolism, Tianjin Medical University General Hospital from
October 12, 2020 to December 31, 2021 were reviewed, and then
the serum levels of DHEA and DHEAS were measured in these
subjects. If an individual had multiple hospitalization records,
only one record was selected. Patients aged less than 45 years and
pregnant women were excluded from the analysis. As the use of
hormones is known to affect the levels of DHEA and DHEAS, it
was also considered as a criterion for exclusion. Figure 1
illustrates the population identification process. None of the

December 31, 2021 in Tianjin, China

1416 patients with type 2 diabetes mellitus as one of the diagnosis
were measured sex steroid hormones from October 12, 2020 to

24 records excluded due to deduplication for
repeated hospitalization

1392 patients with type 2 diabetes mellitus

11 records excluded due to age less than 18 years
6 records excluded due to pregnancy

Data from 1375 unique inpatients were collected

| 330 records excluded due to age less than 45 years |

{ Data from 1045 unique inpatients were collected J

—| 50 records excluded due to use of glucocorticoids |

Analysis data set of 995 patients with type 2 diabetes mellitus

final analysis.

FIGURE 1 | Flow chart of the identification of the study population. Based on the exclusion criteria, 995 patients with type 2 diabetes melitus were included in the
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participants enrolled in this study used sex hormones. In total,
995 patients with T2DM were included in the final analysis.

This study was approved by the Institutional Review Board of
Tianjin Medical University General Hospital. The requirement
for informed consent was waived (approval no. IRB2020-YX-
027-01) because patient information was extracted from
electronic medical records at the Department of Endocrinology
and Metabolism; the identities of patients were also
kept anonymous.

Covariates

Data obtained from medical records included the following: age,
sex, insurance type, cigarette smoking, alcohol consumption,
medical history of diabetes, hypertension, height, weight,
systolic blood pressure (SBP), diastolic blood pressure (DBP),
fasting blood glucose (FBG), glycosylated hemoglobin (HbA1c),
total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and the use of glucagon-like peptide 1
(GLP-1) receptor agonists or sodium-glucose cotransporter 2
(SGLT-2) inhibitors.

Based on the type of medical insurance, participants were
categorized into three groups: patients who had medical
insurance for urban workers, or for non-working residents, or
those who did not have any kind of medical insurance. The body
mass index (BMI) was calculated as the participant’s weight
divided by the square of the participant’s height (in kilograms per
square meter).

DHEA and DHEAS Measurements

Serum levels of DHEA and DHEAS were quantified using liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
assays at the Laboratory of Endocrinology and Metabolism at
Tianjin Medical University General Hospital. After admission,
venous blood samples were collected in the morning after at least
10 h of fasting. Steroid extraction liquid (Hangzhou Calibra
Diagnostics Co., Ltd., Zhejiang, China) was used to pretreat the
samples. DHEA and DHEAS were measured using a ]asperTM
HPLC system coupled to an AB SCIEX Triple Quad™ 4500MD
mass spectrometer with a heated nebulizer ionization source in
the positive ion mode. MultiQuantTM MD 3.0.2 software was
used to quantify the data. The area ratios of the analyte to the
internal standard peak of the six calibration standards were
plotted to generate calibration curves for each set of samples;
two quality control samples were included in each set of samples.
The plot used linear regression with 1/x* weighting, and the
correlation coefficients were greater than 0.99.

Definitions

Diabetes was defined as a FBG level >7.0 mmol/L, a 2-h plasma
glucose level 211.1 mmol/L, a HbAlc level 26.5%, a self-reported
history of diabetes, or the use of hypoglycemic drugs (17).
Hypertension was defined as SBP 2140 mmHg, DBP >90 mmHg,
self-reported history of hypertension, or the use of blood pressure-
lowering drugs (18). CHD outcome was based on self-reported
diagnoses, including myocardial infarction and angina or having a
history of treatment for coronary artery bypass grafting or

percutaneous coronary intervention. Stroke was based on self-
reported diagnoses, including ischemic stroke and
cerebral hemorrhage.

Statistical Analyses

Continuous variables are shown as mean with standard deviation
(SD) or median with interquartile range (IQR); categorical
variables are presented as numbers with frequencies.
Differences between the groups were evaluated using Student’s
t-tests (continuous variables, normal distribution), Mann-
Whitney U tests (continuous variables, skewed distribution), or
chi-squared tests (categorical variables). Spearman’s correlations
were used to determine the values and significance of the
correlation coefficients between serum DHEA and DHEAS
among men and women. Binary logistic regression analyses
were conducted to assess the roles of DHEA and DHEAS in
CHD and stroke, after adjusting for covariates in three models:
model 1 was adjusted for age; model 2 was adjusted for model 1
plus current smoking, current drinking, and insurance type; and
model 3 was adjusted for model 2 plus BMI, duration of T2DM,
SBP, LDL-C, FBG, HbAlc, and the use of GLP-1 receptor
agonists or SGLT-2 inhibitors. The levels of DHEAS and
DHEA were also separately categorized into quartiles, and the
lowest quartiles were used as the reference groups in the binary
logistic regression. Restricted cubic splines were used to assess
the dose-response associations of DHEA and DHEAS with CHD
after adjusting for age, current smoking, current drinking,
insurance type, BMI, duration of diabetes, SBP, LDL-C, FBG,
HbAlc, and the use of GLP-1 receptor agonists or SGLT-2
inhibitors. The knots were placed at the 5th, 35th, 65th, and
95th percentiles, and the reference values were the 50th
percentiles for DHEA and DHEAS based on the distribution.
Receiver operating characteristic (ROC) curve analysis was
performed to determine the cutoff values for DHEA and
DHEAS for the detection of CHD in men with T2DM. The
ROC curves are plots of sensitivity versus 1 — specificity for the
DHEA and DHEAS levels of each patient. The Youden index
(value of the maximum of sensitivity plus specificity — 1) of the
ROC curve was used to confirm the optimal cutoff values for
DHEA and DHEAS. The results are shown as odds ratios (ORs)
and 95% confidence intervals (CIs). A two-tailed p-value <0.05
was considered as statistically significant. SPSS for Windows
(version 25.0; Chicago, IL, USA) and R software (version 4.1.1; R
Foundation) were used for the analyses.

RESULTS

Clinical Characteristics of the

Study Population

In this study, 51.3% of the patients were men (n = 510), and the
mean age of the total population was 62.93 years. The prevalence
rates of CHD and stroke were 16.1% and 18.5%, respectively.
Most of the patients (83.3%) had medical insurance for urban
workers. The median duration of T2DM was 10 years, and the
mean HbAlc level of the total population was 8.39%. The
median values of DHEA and DHEAS were 6.91 nmol/L and
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2.56 umol/L, respectively (Table 1). Furthermore, Figure 2
indicates that the serum levels of DHEA and DHEAS were
highly collinear (among men: r = 0.648, 95% CI = 0.593-0.697,
p < 0.001; among women: r = 0.657, 95% CI = 0.602-
0.706, p < 0.001).

Prevalence of CHD and Stroke by
Quartiles of DHEA and DHEAS

The prevalence of CHD and stroke according to quartiles
of serum DHEA and DHEAS in men and women is shown in
Figure 3. The percentage of men with CHD significantly
decreased with increasing quartiles of serum DHEA (33.9% in
quartile 1, 24.2% in quartile 2, 14.8% in quartile 3, and 10.2% in
quartile 4; p < 0.001) and DHEAS (31.5% in quartile 1, 25.8%
in quartile 2, 16.4% in quartile 3, and 9.4% in quartile 4;
p < 0.001). Moreover, the prevalence of stroke significantly
decreased with increasing quartiles of serum DHEA in women
(24.8% in quartile 1, 21.3% in quartile 2, 18.2% in quartile 3, and
9.9% in quartile 4; p = 0.003) and DHEAS in men (24.4% in
quartile 1, 21.9% in quartile 2, 13.3% in quartile 3, and 14.2% in
quartile 4; p = 0.011).

Associations of DHEA and DHEAS With
the Risk of CHD and Stroke

Table 2 shows the ORs of CHD by DHEA and DHEAS status
in a binary logistic regression analysis in patients with T2DM. In
men with T2DM, after adjusting for potential confounders

in model 3, the risk of CHD decreased with increasing levels of
serum DHEA (OR = 0.38, quartile 4 vs. quartile 1; 95%
CI = 0.16-0.90; p = 0.037 for trend). Consistently, when taken
as a continuous variable, per SD increment of serum DHEA was
significantly related to a 41% decrease in the risk of CHD among
men in the fully adjusted model (OR = 0.59, 95% CI = 0.40-0.87,
P <0.05). The serum level of DHEAS was also inversely related to
the risk of CHD among men when taken as a continuous variable
in model 3 (OR = 0.56, 95% CI = 0.38-0.82, p < 0.05). Similarly,
this relationship remained statistically significant when DHEAS
was categorized into quartiles (OR = 0.27, quartile 4 vs. quartile 1;
95% CI = 0.11-0.67; p = 0.018 for trend). In women with T2DM,
no significant relationships were observed between increasing
levels of DHEA and DHEAS and risk of CHD (all p > 0.05).

The associations of DHEA and DHEAS with stroke are shown
in Table 3. When considered as a continuous variable, per SD
increment of serum DHEA was significantly related to a 27%
decrease in the risk of stroke among women in model 1
(OR = 0.73, 95% CI = 0.55-0.96, p < 0.05), but this association
was not statistically significant in the fully adjusted model
(OR = 0.83, 95% CI = 0.62-1.12, p > 0.05). No significant
relationships were found between DHEA, DHEAS, and stroke
in male patients (all p > 0.05).

In the spline regression analyses, the risk of CHD decreased
progressively with the serum levels of DHEA and DHEAS after
adjusting for age, current smoking, current drinking, insurance
type, BMI, duration of diabetes, SBP, LDL-C, FBG, HbAlc, and

TABLE 1 | Characteristics of patients with type 2 diabetes mellitus.

Men Women Total

Participants, n (%) 510 (51.3) 485 (48.7) 995 (100)
CHD, n (%) 106 (20.8) 54 (11.1) 160 (16.1)
Stroke, n (%) 94 (18.4) 90 (18.6) 184 (18.5)
Age (years) 62.01 + 9.08 63.91 + 8.84 62.93 + 9.01
BMI (kg/m?) 26.08 + 3.81 25.85 + 4.31 25.97 + 4.06
Current smoking, n (%) 225 (44.4) 22 (4.6) 247 (25.0)
Current drinking, n (%) 223 (43.9) 14 (2.9) 237 (24.0)
Insurance type, n (%)

Urban workers 427 (84.1) 399 (82.4) 826 (83.3)

Non-working urban residents 50 (9.8) 63 (13.0) 113 (11.4)

Self-pay 31(6.1) 22 (4.5) 53 (6.3)
Duration of type 2 diabetes (years) 10 (3-18) 10 (3-18) 10 (3-18)
Use of GLP-1 receptor agonists, n (%) 30 (6.1) 27 (6.7) 57 (5.9)
Use of SGLT-2 inhibitors, n (%) 56 (11.3) 34 (7.2) 90 (9.3)
Hypertension, n (%) 337 (66.1) 319 (65.8) 656 (65.9)
Blood pressure (mmHg)

Systolic 137 £ 18 136 + 19 136 + 18

Diastolic 83+ 11 79+ 10 81+ 11
TC (mmol/L) 4.65 + 1.30 5.05 + 1.46 4.84 +1.39
TG (mmol/L) 1.60 (1.13-2.30) 1.65 (1.21-2.17) 1.63 (1.18-2.26)
HDL-C (mmol/L) 1.06 £ 0.28 1.15+0.29 1.10 £ 0.29
LDL-C (mmol/L) 2.80 + 0.87 2.97 + 1.03 2.88 + 0.96
FBG (mmol/L) 7.45 £ 291 7.43 +2.67 7.44 +2.80
HbA1c (%) 8.51+2.14 8.25 + 1.97 8.39 + 2.06
DHEA (nmol/L) 6.72 (4.69-10.06) 6.99 (4.59-10.84) 6.91 (4.62-10.37)
DHEAS (umol/L) 3.26 (2.00-4.90) 2.02 (1.21-3.03) 2.56 (1.54-4.15)

CHD, coronary heart disease; BMI, body mass index; GLP-1, glucagon-like peptide 1; SGLT-2, sodium-glucose cotransporter 2; TC, total cholesterol; TG, triglycerides; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FBG, fasting blood glucose; HbATc, glycosylated hemoglobin;, DHEA, dehydroepiandrosterone; DHEAS,

dehydroepiandrosterone sulfate.
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— Men

— Women

r=0.648
(95%CI, 0.593-0.697)
P <0.001

r=0.657
(95%CI, 0.602-0.706)
P <0.001

DHEAS (umol/L)

20
DHEA (nmol/L)

30 40

FIGURE 2 | Correlation between serum dehydroepiandrosterone (DHEA) and
dehydroepiandrosterone sulfate (DHEAS) among the men and women
included in this study evaluated by Spearman’s correlations. The figure
indicates that the serum levels of DHEA and DHEAS were highly collinear
(@among men: r = 0.648, 95% Cl = 0.593-0.697, p < 0.001; among women:
r=0.657, 95% Cl = 0.602-0.706, p < 0.001).
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use of GLP-1 receptor agonists or SGLT-2 inhibitors (Figure 4).
The p-values for nonlinear associations were 0.969 for DHEA
and 0.942 for DHEAS, indicating that the associations of DHEA
and DHEAS with CHD were linear.

Figure 5 shows the ROC curve analyses of the levels of DHEA
and DHEAS for identifying CHD in men with T2DM. The areas
under the curve (AUCs) of DHEA and DHEAS were 0.66 (95%
CI =0.60-0.72) and 0.64 (95% CI = 0.58-0.69), respectively. The
optimal cutoff values allowing for the best trade-off between
sensitivity and specificity were 6.43 nmol/L for DHEA and
3.54 umol/L for DHEAS.

DISCUSSION

In this study, we found that the serum levels of DHEA and
DHEAS were significantly and negatively associated with CHD
in middle-aged and elderly men with T2DM after adjusting for
potential confounding factors. The optimal cutoff values to detect
CHD in men with T2DM were 6.43 nmol/L for DHEA and
3.54 pmol/L for DHEAS. In contrast, no significant associations

P<0.001 P=0.298 .
W Quartilel

31.5 .
= Quartile2
25:8 E3 Quartile3
= tile4
- Quartile

12.4 14.0
9.4 8.2 9.9

30

20

10

Men Women
Quartiles of DHEAS
P=0.011 P=0.292
244
21.9 21.5
19.0 19.7
13.3 142 14.0

Men Women
Quartiles of DHEAS

FIGURE 3 | Prevalence of coronary heart disease (CHD) and stroke by quartiles of serum dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate
(DHEAS) in men and women. (A, B) Prevalence of CHD by DHEA (A) and by DHEAS (B). (C, D) Prevalence of stroke by DHEA (C) and by DHEAS (D). The figure
shows that the percentages of men with CHD significantly decreased in accordance with increasing quartiles of serum DHEA and DHEAS (all p < 0.001). The
prevalence of stroke significantly decreased in line with increasing quartiles of serum DHEA in women (p = 0.003) and DHEAS in men (p = 0.011).
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TABLE 2 | Odds ratios of CHD by different DHEA and DHEAS status in patients with type 2 diabetes mellitus.

Model 1
Men
DHEA (nmol/L)
Quartile 1 Reference
Quartile 2 0.68 (0.39-1.19)
Quartile 3 0.39 (0.21-0.73)
Quartile 4 0.28 (0.14-0.58)
p for trend 0.001

Per SD increment
DHEAS (umol/L)

0.54 (0.39-0.74)

Quartile 1 Reference
Quartile 2 0.84 (0.48-1.46)
Quartile 3 0.50 (0.27-0.93)
Quartile 4 0.29 (0.14-0.60)
p for trend 0.003

Per SD increment 0.62 (0.47-0.83)
Women

DHEA (nmol/L)

Quartile 1 Reference
Quartile 2 0.82 (0.37-1.79)
Quartile 3 0.58 (0.25-1.38)
Quartile 4 0.91 (0.41-2.01)
p for trend 0.659

Per SD increment
DHEAS (umol/L)

1.06 (0.80-1.40)

Quartile 1 Reference
Quartile 2 1.36 (0.63-2.94)
Quartile 3 0.93 (0.39-2.25)
Quartile 4 1.08 (0.47-2.50)
p for trend 0.804

Per SD increment

0.95 (0.70-1.28)

Odds ratios (95% Cl)

Model 2 Model 3
Reference Reference
0.68 (0.39-1.19) 0.93 (0.46-1.88)

0.38 (0.20-0.71)

0.44 (0.20-0.96)

0.27 (0.13-0.57) 0.38 (0.16-0.90)
0.001 0.037

0.53 (0.38-0.74) 0.59 (0.40-0.87)

Reference Reference

0.85 (0.48-1.49) 0.63 (0.31-1.26)

0.50 (0.27-0.92) 0.38 (0.18-0.83)

0.28 (0.13-0.58) 0.27 (0.11-0.67)
0.003 0.018

0.61 (0.46-0.81)

0.56 (0.38-0.82)

Reference Reference
0.86 (0.39-1.92) 1.37 (0.50-3.78)
0.61 (0.25-1.49) 0.53 (0.15-1.84)
1.00 (0.45-2.26) 1.65 (0.60-4.49)

0.700 0.343
1.08 (0.81-1.44) 1.06 (0.73-1.593)

Reference Reference
1.45 (0.66-3.18) 1.97 (0.69-5.65)
0.84 (0.34-2.10) 1.50 (0.48-4.68)
1.11 (0.47-2.60) 1.59 (0.52-4.82)

0.638 0.653
0.95 (0.70-1.29) 1.08 (0.76-1.53)

Model 1: adjusted for age; model 2: model 1 + current smoking, current drinking, and insurance type; model 3: model 2 + BMI, duration of diabetes, SBP, LDL-C, FBG, HbATc, and the use

of GLP-1 receptor agonists or SGLT-2 inhibitors

Cl, confidence interval; CHD, coronary heart disease; DHEA, dehydroepiandrosterone; DHEAS, dehydroepiandrosterone sulfate; SD, standard deviation; BMI, body mass index; SBP,
systolic blood pressure; LDL-C, low-density lipoprotein cholesterol; FBG, fasting blood glucose; HbATc, glycosylated hemoglobin, GLP-1, glucagon-like peptide 1, SGLT-2, sodium-

glucose cotransporter 2.
Bold results are statistically significant.

were found between DHEA and DHEAS on the one hand and
stroke on the other in middle-aged and elderly men and women
with T2DM.

DHEA, an important precursor of testosterone and estradiol, is
mainly synthesized by the adrenal cortex and gonads. Previous
studies have shown that lower serum levels of DHEA are
associated with a greater risk of CHD in men. A prospective
study recruiting men aged 40-70 years reported that lower serum
levels of DHEA were related to the incidence of ischemic heart
disease, independent of traditional risk factors (19). In the
Osteoporotic Fractures in Men Study, serum DHEA was found
to predict the risk of developing CHD among elderly men (10).
Moreover, a cross-sectional study involving patients with T2DM
from China showed that serum levels of DHEA were inversely
related to the odds of CVD in male patients, defined by CHD,
myocardial infarction, or stroke (20). However, the association of
DHEA with CHD in women was inconsistent. A prospective study
revealed that postmenopausal women with low levels of serum
DHEA were more likely to incur myocardial infarction after
adjustment for potential confounding factors (13). In contrast,
the Rotterdam Study showed no statistically significant association

between the levels of DHEA and the incidence of CVD, including
CHD and stroke (12). In patients with T2DM from China, DHEA
was not significantly associated with CVD risk (20). Consistently,
in this hospital-based cross-sectional study, we found that low
serum levels of DHEA were associated with CHD in middle-aged
and elderly men, but not in women with T2DM. In addition, the
optimal cutoff value for DHEA to detect CHD in men with T2DM
was determined to be 6.43 nmol/L.

It has been shown that DHEA regulates vascular remodeling
and endothelial function through different mechanisms.
Endothelial cells (ECs) and smooth muscle cells (SMCs) are
important cells of the blood vessel in the progression of vascular
disease. DHEA has been shown to upregulate nitric oxide (NO)
synthase and improve the bioavailability of NO in ECs, resulting
in elevated cyclic guanosine monophosphate production and
subsequent relaxation in SMCs (8, 21). DHEA has also been
shown to reverse systemic vascular remodeling in human carotid
vascular SMCs (7). In the cardiovascular system, DHEA acts as
an antioxidant and protects cultured human ECs from injury
induced by superoxide (22). Notably, evidence on DHEA
supplementation has yielded controversial results. DHEA
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TABLE 3 | Odds ratios of stroke by different DHEA and DHEAS status in patients with type 2 diabetes mellitus.

Odds ratios (95% CI)

Model 1 Model 2 Model 3
Men
DHEA (nmol/L)
Quartile 1 Reference Reference Reference
Quartile 2 0.86 (0.45-1.62) 0.87 (0.45-1.67) 0.81 (0.38-1.74)
Quartile 3 1.11 (0.59-2.08) 1.12 (0.59-2.12) 1.10 (0.52-2.32)
Quartile 4 0.98 (0.49-1.96) 1.00 (0.49-2.04) 0.98 (0.43-1.73)
p for trend 0.981 0.905 0.893
Per SD increment 0.97 (0.74-1.26) 0.98 (0.75-1.28) 0.91 (0.66-1.27)
DHEAS (umol/L)
Quartile 1 Reference Reference Reference
Quartile 2 1.01 (0.55-1.83) 0.98 (0.54-1.81) 0.92 (0.44-1.92)
Quartile 3 0.59 (0.30-1.16) 0.57 (0.29-1.13) 0.45 (0.20-1.00)
Quartile 4 0.72 (0.36-1.42) 0.67 (0.34-1.34) 0.66 (0.28-1.53)
p for trend 0.340 0.297 0.201
Per SD increment 0.91 (0.70-1.18) 0.90 (0.69-1.17) 0.83 (0.60-1.14)
Women
DHEA (nmol/L)
Quartile 1 Reference Reference Reference
Quartile 2 0.98 (0.53-1.81) 1.04 (0.55-1.95) 1.14 (0.54-2.43)
Quartile 3 0.84 (0.44-1.59) 0.88 (0.45-1.71) 1.18 (0.53-2.61)
Quartile 4 0.42 (0.20-0.88) 0.45 (0.21-0.95) 0.63 (0.27-1.44)
p for trend 0.101 0.132 0.436
Per SD increment 0.73 (0.55-0.96) 0.74 (0.57-0.98) 0.83 (0.62-1.12)
DHEAS (umol/L)
Quartile1 Reference Reference Reference
Quartile2 1.31 (0.69-2.50) 1.50 (0.77-2.90) 1.62 (0.72-3.64)
Quartile3 1.41 (0.72-2.75) 1.55 (0.78-3.07) 1.89 (0.84-4.25)
Quartile4 0.88 (0.44-1.79) 0.93 (0.45-1.93) 1.11 (0.47-2.63)
p for trend 0.491 0.332 0.350
Per SD increment 0.96 (0.75-1.22) 0.97 (0.76-1.24) 1.01 (0.76-1.34)

Model 1: adjusted for age; model 2: model 1 + current smoking, current drinking and insurance type; model 3: model 2 + BMI, duration of diabetes, SBP, LDL-C, FBG, HbA1c, and the use
of GLP-1 receptor agonists or SGLT-2 inhibitors

Cl, confidence interval; DHEA, dehydroepiandrosterone; DHEAS, dehydroepiandrosterone sulfate; SD, standard deviation; BMI, body mass index; SBP, systolic blood pressure; LDL-C,
low-density lipoprotein cholesterol; FBG, fasting blood glucose; HbATc, glycosylated hemoglobin; GLP-1, glucagon-like peptide 1; SGLT-2, sodium-glucose cotransporter 2.

Bold results are statistically significant.

P-nonlinear = 0.969 61 P-noalinear = 0.942
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FIGURE 4 | Associations of dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEAS) with coronary heart disease (CHD) in men with type 2
diabetes mellitus. Restricted cubic splines were used to assess the dose-response associations of DHEA (A) and DHEAS (B) with CHD after adjusting for age,
current smoking, current drinking, insurance type, body mass index (BMI), duration of diabetes, systolic blood pressure (SBP), low-density lipoprotein cholesterol
(LDL-C), fasting blood glucose (FBG), glycosylated hemoglobin (HbA1c), and the use of glucagon-like peptide 1 (GLP-1) receptor agonists or sodium-glucose
cotransporter 2 (SGLT-2) inhibitors. The p-values for nonlinear associations were 0.969 and 0.942 for DHEA and DHEAS, respectively.
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FIGURE 5 | Receiver operating characteristic (ROC) curve analysis of dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEAS) to recognize
coronary heart disease (CHD) in men with type 2 diabetes mellitus. ROC curve analysis revealed that the areas under the curve (AUCs) for DHEA (A) and DHEAS (B)
were 0.66 (95% Cl = 0.60-0.72) and 0.64 (95% Cl = 0.58-0.69), respectively. The optimal cutoff values, with the best trade-off between sensitivity and specificity,

treatment can reduce myocardial hypertrophy by upregulating
the expression of the sigma-1 receptor in ovariectomized rats
(23). Randomized, double-blind trials with small sample sizes
showed that 25 or 50 mg of DHEA replacement per day
improved vascular endothelial function, indices of arterial
stiffness, lipid profile, and insulin sensitivity (24-26). However,
other studies have shown that DHEA replacement has no effect
on the cardiovascular parameters or endothelial function in
patients with adrenal insufficiency (27, 28). Taken together,
clinical trials with larger sample sizes are needed to clarify the
significance of DHEA supplementation in the prevention
of CHD.

DHEAS, the sulfated form of DHEA, is the most abundant
steroid hormone in human circulation. In the present study, we
found that serum DHEAS was negatively associated with CHD in
men with T2DM after adjustment for potential confounding
factors and that the optimal cutoff value for DHEAS to detect
CHD in men with T2DM was 3.54 umol/L. Previous
epidemiological studies on the relationship between DHEAS
and CHD have shown contradictory results. Low serum levels
of DHEAS at baseline were found to predict the development of
ischemic heart disease in middle-aged men in the Massachusetts
Male Aging Study (19). A prospective cohort study in Sweden
showed that a low level of DHEAS was associated with ischemic
heart disease mortality in elderly men (29). Moreover, among
women, lower serum levels of DHEAS were found to be
independently associated with the risk of death from CVD,
including CHD, stroke, heart failure, or peripheral vascular
diseases (30). Nevertheless, a community-based study in
Framingham reported that, in men, baseline levels of DHEAS
were not statistically related to the risk of developing CVD (31).
In a community-based study recruiting 8,143 participants, no
statistically significant association was found between low levels
of DHEAS and the risk of CHD in men or women (11). The

differences in the study design, the included population, outcome
measures, and assays of the hormones detected could partially
explain the inconsistencies in the results of these studies.

In this cross-sectional study, the serum levels of DHEA and
DHEAS were not statistically related to the risk of stroke,
including ischemic stroke and cerebral hemorrhage, in middle-
aged and elderly men and women with T2DM. Consistent with
our study, in the prospective study mentioned above, serum
DHEA and DHEAS were independent predictors of CHD, but
not stroke, in elderly men (10). Furthermore, in young women
with polycystic ovary syndrome, DHEAS was not significantly
associated with carotid intima-media thickness, which is
considered to predict the incidence of myocardial infarction
and stroke (32). However, in the Nurses’ Health Study, low
serum DHEAS was confirmed to be associated with a high risk of
ischemic stroke among women, following a nested case—control
design (33). In postmenopausal women who suffer an acute
stroke, low DHEAS was found to be significantly associated with
disease severity (34). In a prospective study involving patients
with acute ischemic stroke, DHEAS, but not DHEA, predicted
the 1-year functional outcomes in men and women (35). The
differences in the outcomes measured, as well as the specific
participants included, could be partly responsible for the
conflicting results. Therefore, further prospective research in
the general population is needed to better clarify the effects of
DHEA and DHEAS on stroke.

Our study had several limitations. Firstly, the sample size of 510
men and 485 women was relatively small. However, some
epidemiological studies have also been conducted with relatively
small sample sizes (36, 37), which also evaluated the concentration
of sex hormones via LC-MS/MS. Secondly, owing to the cross-
sectional nature of this study, we could not identify causality.
Thirdly, some confounding factors, such as physical activity and
dietary habits, were not included in our analysis because the data
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were extracted from medical records. Finally, we examined the
association of DHEA and DHEAS with CHD and stroke in middle-
aged and elderly participants with T2DM; therefore, our findings
cannot be generalized to other populations.

In conclusion, we found that the serum levels of DHEA and
DHEAS were significantly and negatively associated with CHD
in middle-aged and elderly men with T2DM. In contrast, no
significant associations were observed between DHEA and
DHEAS on the one hand and stroke on the other in patients
with T2DM. The results from this study suggest potential roles of
DHEA and DHEAS in the pathogenesis of CHD.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the institutional review board of Tianjin Medical
University General Hospital. Written informed consent from the
patients/participants’ legal guardian/next of kin was not required

REFERENCES

1. GBD 2017 Causes of Death Collaborators. Global, Regional, and National
Age-Sex-Specific Mortality for 282 Causes of Death in 195 Countries and
Territories, 1980-2017: A Systematic Analysis for the Global Burden of
Disease Study 2017. Lancet (London England) (2018) 392(10159):1736-88.
doi: 10.1016/S0140-6736(18)32203-7

2. Leening MJ, Ferket BS, Steyerberg EW, Kavousi M, Deckers JW, Nieboer D,
et al. Sex Differences in Lifetime Risk and First Manifestation of
Cardiovascular Disease: Prospective Population Based Cohort Study. BMJ
(Clin Res ed) (2014) 349:¢5992. doi: 10.1136/bm;j.g5992

3. van der Meer MG, Cramer M]J, van der Graaf Y, Doevendans PA, Nathoe
HM. Gender Difference in Long-Term Prognosis Among Patients With
Cardiovascular Disease. Eur | Prev Cardiol (2014) 21(1):81-9. doi: 10.1177/
2047487312460519

4. Aimo A, Panichella G, Barison A, Maffei S, Cameli M, Coiro S, et al. Sex-
Related Differences in Ventricular Remodeling After Myocardial Infarction.
Int J Cardiol (2021) 339:62-9. doi: 10.1016/j.ijcard.2021.07.036

5. Albrektsen G, Heuch I, Lochen ML, Thelle DS, Wilsgaard T, Njelstad I, et al. Lifelong
Gender Gap in Risk of Incident Myocardial Infarction: The Tromse Study.
JAMA Internal Med (2016) 176(11):1673-9. doi: 10.1001/jamainternmed.2016.5451

6. Crandall CJ, Barrett-Connor E. Endogenous Sex Steroid Levels and
Cardiovascular Disease in Relation to the Menopause: A Systematic
Review. Endocrinol Metab Clinics North America (2013) 42(2):227-53. doi:
10.1016/j.ec1.2013.02.003

7. Bonnet S, Paulin R, Sutendra G, Dromparis P, Roy M, Watson KO, et al.
Dehydroepiandrosterone Reverses Systemic Vascular Remodeling Through
the Inhibition of the Akt/GSK3-{Beta}/NFAT Axis. Circulation (2009) 120
(13):1231-40. doi: 10.1161/CIRCULATIONAHA.109.848911

8. Camporez JP, Akamine EH, Davel AP, Franci CR, Rossoni LV, Carvalho CR.
Dehydroepiandrosterone Protects Against Oxidative Stress-Induced
Endothelial Dysfunction in Ovariectomized Rats. J Physiol (2011) 589(Pt
10):2585-96. doi: 10.1113/jphysiol.2011.206078

9. Yin FJ, Kang J, Han NN, Ma HT. Effect of Dehydroepiandrosterone
Treatment on Hormone Levels and Antioxidant Parameters in Aged Rats.

to participate in this study in accordance with the national
legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

XZ,JX, and TL designed the research, collected clinical data, and
wrote the manuscript. QH and JC were involved in clinical data
collection. ST, XL, and ML designed the study and revised the
paper. All authors contributed to the article and approved the
submitted version.

FUNDING

This work was supported by the National Natural Science
Foundation of China (81830025 and 81620108004) and the
National Key R&D Program of China (2019YFA0802502).

ACKNOWLEDGMENTS

We thank all patients with type 2 diabetes mellitus from the
Department of Endocrinology and Metabolism, Tianjin Medical
University General Hospital.

Genet Mol Res GMR (2015) 14(3):11300-11. doi: 10.4238/
2015.September.22.24

10. Tivesten A, Vandenput L, Carlzon D, Nilsson M, Karlsson MK, Ljunggren O,
et al. Dehydroepiandrosterone and its Sulfate Predict the 5-Year Risk of
Coronary Heart Disease Events in Elderly Men. ] Am Coll Cardiol (2014) 64
(17):1801-10. doi: 10.1016/j.jacc.2014.05.076

11. Jia X, Sun C, Tang O, Gorlov I, Nambi V, Virani SS, et al. Plasma
Dehydroepiandrosterone Sulfate and Cardiovascular Disease Risk in Older
Men and Women. J Clin Endocrinol Metab (2020) 105(12):e4304-27. doi:
10.1210/clinem/dgaa518

12. Meun C, Franco OH, Dhana K, Jaspers L, Muka T, Louwers Y, et al. High
Androgens in Postmenopausal Women and the Risk for Atherosclerosis and
Cardiovascular Disease: The Rotterdam Study. J Clin Endocrinol Metab (2018)
103(4):1622-30. doi: 10.1210/jc.2017-02421

13. Page JH, Ma ], Rexrode KM, Rifai N, Manson JE, Hankinson SE. Plasma
Dehydroepiandrosterone and Risk of Myocardial Infarction in Women. Clin
Chem (2008) 54(7):1190-6. doi: 10.1373/clinchem.2007.099291

14. Nandi A, Poretsky L. Diabetes and the Female Reproductive System. Endocrinol
Metab Clinics North America (2013) 42(4):915-46. doi: 10.1016/j.ec1.2013.07.007

15. Braga PC, Pereira SC, Ribeiro JC, Sousa M, Monteiro MP, Oliveira PF, et al.
Late-Onset Hypogonadism and Lifestyle-Related Metabolic Disorders.
Andrology (2020) 8(6):1530-8. doi: 10.1111/andr.12765

16. Howard BV, Magee MF. Diabetes and Cardiovascular Disease. Curr Atheroscl
Rep (2000) 2(6):476-81. doi: 10.1007/s11883-000-0046-8

17. Diabetes branch of the Chinese Medical Association. Guidelines for the
Prevention and Treatment of Type 2 Diabetes in China (2020 Edition). Chin |
Endocrinol Metab (2021) 37(04):311-98. doi: 10.3760/cma.j.cn311282-
20210304-00142

18. The Joint Committee of Chinese Hypertension Prevention Guide. Guidelines
on Prevention and Treatment of Hypertension in China (2018 Edition). Chin J
Cardiovasc (2019) 24(01):24-56. doi: 10.3969/j.issn.1007-5410.2019.01.002

19. Feldman HA, Johannes CB, Araujo AB, Mohr BA, Longcope C, McKinlay JB.
Low Dehydroepiandrosterone and Ischemic Heart Disease in Middle-Aged
Men: Prospective Results From the Massachusetts Male Aging Study. Am J
Epidemiol (2001) 153(1):79-89. doi: 10.1093/aje/153.1.79

Frontiers in Endocrinology | www.frontiersin.org

June 2022 | Volume 13 | Article 890029


https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1136/bmj.g5992
https://doi.org/10.1177/2047487312460519
https://doi.org/10.1177/2047487312460519
https://doi.org/10.1016/j.ijcard.2021.07.036
https://doi.org/10.1001/jamainternmed.2016.5451
https://doi.org/10.1016/j.ecl.2013.02.003
https://doi.org/10.1161/CIRCULATIONAHA.109.848911
https://doi.org/10.1113/jphysiol.2011.206078
https://doi.org/10.4238/2015.September.22.24
https://doi.org/10.4238/2015.September.22.24
https://doi.org/10.1016/j.jacc.2014.05.076
https://doi.org/10.1210/clinem/dgaa518
https://doi.org/10.1210/jc.2017-02421
https://doi.org/10.1373/clinchem.2007.099291
https://doi.org/10.1016/j.ecl.2013.07.007
https://doi.org/10.1111/andr.12765
https://doi.org/10.1007/s11883-000-0046-8
https://doi.org/10.3760/cma.j.cn311282-20210304-00142
https://doi.org/10.3760/cma.j.cn311282-20210304-00142
https://doi.org/10.3969/j.issn.1007-5410.2019.01.002
https://doi.org/10.1093/aje/153.1.79
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Zhang et al.

Associations of DHEA and DHEAS with CVD

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Wang C, Zhang W, Wang Y, Wan H, Chen Y, Xia F, et al. Novel Associations
Between Sex Hormones and Diabetic Vascular Complications in Men and
Postmenopausal Women: A Cross-Sectional Study. Cardiovasc Diabetol
(2019) 18(1):97. doi: 10.1186/s12933-019-0901-6

Savineau JP, Marthan R, Dumas de la Roque E. Role of DHEA in
Cardiovascular Diseases. Biochem Pharmacol (2013) 85(6):718-26. doi:
10.1016/j.bcp.2012.12.004

Nheu L, Nazareth L, Xu GY, Xiao FY, Luo RZ, Komesaroff P, et al.
Physiological Effects of Androgens on Human Vascular Endothelial and
Smooth Muscle Cells in Culture. Steroids (2011) 76(14):1590-6. doi:
10.1016/j.steroids.2011.09.015

Bhuiyan MS, Fukunaga K. Stimulation of Sigma-1 Receptor Signaling by
Dehydroepiandrosterone Ameliorates Pressure Overload-Induced
Hypertrophy and Dysfunctions in Ovariectomized Rats. Expert Opin Ther
Targets (2009) 13(11):1253-65. doi: 10.1517/14728220903264064

Weiss EP, Villareal DT, Ehsani AA, Fontana L, Holloszy JO.
Dehydroepiandrosterone Replacement Therapy in Older Adults Improves
Indices of Arterial Stiffness. Aging Cell (2012) 11(5):876-84. doi: 10.1111/
j.1474-9726.2012.00852.x

Kawano H, Yasue H, Kitagawa A, Hirai N, Yoshida T, Soejima H, et al.
Dehydroepiandrosterone Supplementation Improves Endothelial Function
and Insulin Sensitivity in Men. ] Clin Endocrinol Metab (2003) 88(7):3190—
5. doi: 10.1210/jc.2002-021603

Lasco A, Frisina N, Morabito N, Gaudio A, Morini E, Trifiletti A, et al.
Metabolic Effects of Dehydroepiandrosterone Replacement Therapy in
Postmenopausal Women. Eur ] Endocrinol (2001) 145(4):457-61. doi:
10.1530/eje.0.1450457

Rice SP, Agarwal N, Bolusani H, Newcombe R, Scanlon MF, Ludgate M, et al.
Effects of Dehydroepiandrosterone Replacement on Vascular Function in
Primary and Secondary Adrenal Insufficiency: A Randomized Crossover Trial.
J Clin Endocrinol Metab (2009) 94(6):1966-72. doi: 10.1210/jc.2008-2636
Christiansen JJ, Andersen NH, Serensen KE, Pedersen EM, Bennett P,
Andersen M, et al. Dehydroepiandrosterone Substitution in Female Adrenal
Failure: No Impact on Endothelial Function and Cardiovascular Parameters
Despite Normalization of Androgen Status. Clin Endocrinol (2007) 66(3):426—
33. doi: 10.1111/j.1365-2265.2007.02750.x

Ohlsson C, Labrie F, Barrett-Connor E, Karlsson MK, Ljunggren O,
Vandenput L, et al. Low Serum Levels of Dehydroepiandrosterone Sulfate
Predict All-Cause and Cardiovascular Mortality in Elderly Swedish Men. J
Clin Endocrinol Metab (2010) 95(9):4406-14. doi: 10.1210/jc.2010-0760
Shufelt C, Bretsky P, Almeida CM, Johnson BD, Shaw LJ, Azziz R, et al.
DHEA-S Levels and Cardiovascular Disease Mortality in Postmenopausal
Women: Results From the National Institutes of Health-National Heart,
Lung, and Blood Institute (NHLBI)-Sponsored Women's Ischemia Syndrome
Evaluation (WISE). J Clin Endocrinol Metab (2010) 95(11):4985-92. doi:
10.1210/jc.2010-0143

31. Arnlov J, Pencina MJ, Amin S, Nam BH, Benjamin EJ, Murabito JM, et al.
Endogenous Sex Hormones and Cardiovascular Disease Incidence in Men.
Ann Internal Med (2006) 145(3):176-84. doi: 10.7326/0003-4819-145-3-
200608010-00005

Vryonidou A, Papatheodorou A, Tavridou A, Terzi T, Loi V, Vatalas IA, et al.
Association of Hyperandrogenemic and Metabolic Phenotype With Carotid
Intima-Media Thickness in Young Women With Polycystic Ovary Syndrome.
] Clin Endocrinol Metab (2005) 90(5):2740-6. doi: 10.1210/jc.2004-2363
Jiménez MC, Sun Q, Schiirks M, Chiuve S, Hu FB, Manson JE, et al. Low
Dehydroepiandrosterone Sulfate is Associated With Increased Risk of
Ischemic Stroke Among Women. Stroke (2013) 44(7):1784-9. doi: 10.1161/
STROKEAHA.111.000485

Pappa T, Vemmos K, Saltiki K, Mantzou E, Stamatelopoulos K, Alevizaki M.
Severity and Outcome of Acute Stroke in Women: Relation to Adrenal Sex
Steroid Levels. Metabol: Clin Exp (2012) 61(1):84-91. doi: 10.1016/
j.metabol.2011.06.003

Blum CA, Mueller C, Schuetz P, Fluri F, Trummler M, Mueller B, et al.
Prognostic Value of Dehydroepiandrosterone-Sulfate and Other Parameters
of Adrenal Function in Acute Ischemic Stroke. PLoS One (2013) 8(5):63224.
doi: 10.1371/journal.pone.0063224

Penn CA, Chan J, Mesaros C, Snyder NW, Rader DJ, Sammel MD, et al.
Association of Serum Androgens and Coronary Artery Calcium Scores in
Women. Fertil Steril (2019) 112(3):586-93. doi: 10.1016/j.fertnstert.
2019.04.024

Cortés YI, Barinas-Mitchell E, Suder Egnot N, Bhasin S, Jasuja R, Santoro N,
et al. Associations of Endogenous Sex Hormones With Carotid Plaque Burden
and Characteristics in Midlife Women. J Clin Endocrinol Metab (2020) 105
(4):1126-36. doi: 10.1210/clinem/dgz327

32.

33.

34.

35.

36.

37.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhang, Xiao, Liu, He, Cui, Tang, Li and Liu. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

June 2022 | Volume 13 | Article 890029


https://doi.org/10.1186/s12933-019-0901-6
https://doi.org/10.1016/j.bcp.2012.12.004
https://doi.org/10.1016/j.steroids.2011.09.015
https://doi.org/10.1517/14728220903264064
https://doi.org/10.1111/j.1474-9726.2012.00852.x
https://doi.org/10.1111/j.1474-9726.2012.00852.x
https://doi.org/10.1210/jc.2002-021603
https://doi.org/10.1530/eje.0.1450457
https://doi.org/10.1210/jc.2008-2636
https://doi.org/10.1111/j.1365-2265.2007.02750.x
https://doi.org/10.1210/jc.2010-0760
https://doi.org/10.1210/jc.2010-0143
https://doi.org/10.7326/0003-4819-145-3-200608010-00005
https://doi.org/10.7326/0003-4819-145-3-200608010-00005
https://doi.org/10.1210/jc.2004-2363
https://doi.org/10.1161/STROKEAHA.111.000485
https://doi.org/10.1161/STROKEAHA.111.000485
https://doi.org/10.1016/j.metabol.2011.06.003
https://doi.org/10.1016/j.metabol.2011.06.003
https://doi.org/10.1371/journal.pone.0063224
https://doi.org/10.1016/j.fertnstert.2019.04.024
https://doi.org/10.1016/j.fertnstert.2019.04.024
https://doi.org/10.1210/clinem/dgz327
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Low Serum Dehydroepiandrosterone and Dehydroepiandrosterone Sulfate Are Associated With Coronary Heart Disease in Men With Type 2 Diabetes Mellitus
	Introduction
	Materials and Methods
	Study Subjects
	Covariates
	DHEA and DHEAS Measurements
	Definitions
	Statistical Analyses

	Results
	Clinical Characteristics of the Study Population
	Prevalence of CHD and Stroke by Quartiles of DHEA and DHEAS
	Associations of DHEA and DHEAS With the Risk of CHD and Stroke

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


