
Frontiers in Endocrinology | www.frontiersi

Edited by:
Alok Raghav,

Ganesh Shankar Vidyarthi Memorial
Medical College, India

Reviewed by:
Heng Wan,

Southern Medical University, China
Zilin Sun,

Southeast University, China

*Correspondence:
Ming Liu

mingliu@tmu.edu.cn
Qing He

hech69@163.com
Kunling Wang

zp-sd@126.com

†These authors have contributed
equally to this work and share

first authorship

Specialty section:
This article was submitted to

Clinical Diabetes,
a section of the journal

Frontiers in Endocrinology

Received: 08 April 2022
Accepted: 05 May 2022
Published: 15 June 2022

Citation:
Zhang X, Xiao J, Li X, Cui J, Wang K,

He Q and Liu M (2022) Low
Serum Dehydroepiandrosterone

Is Associated With Diabetic
Kidney Disease in Men With

Type 2 Diabetes Mellitus.
Front. Endocrinol. 13:915494.

doi: 10.3389/fendo.2022.915494

ORIGINAL RESEARCH
published: 15 June 2022

doi: 10.3389/fendo.2022.915494
Low Serum Dehydroepiandrosterone
Is Associated With Diabetic Kidney
Disease in Men With Type 2
Diabetes Mellitus
Xinxin Zhang1†, Jinfeng Xiao1†, Xin Li1†, Jingqiu Cui1, Kunling Wang1*, Qing He1*
and Ming Liu1,2,3*

1 Department of Endocrinology and Metabolism, Tianjin Medical University General Hospital, Tianjin, China, 2 NHC Key
Laboratory of Hormones and Development, Tianjin Medical University, Tianjin, China, 3 Tianjin Institute of Endocrinology,
Tianjin, China

Background: The associat ions of dehydroepiandrosterone (DHEA) and
dehydroepiandrosterone sulfate (DHEAS) with diabetic kidney disease (DKD) remained
unclear. Thus, this cross-sectional study aimed to explore the associations of DHEA and
DHEAS with the risk of DKD in patients with T2DM.

Methods: The information of 1251 patients with T2DM were included in this study. Serum
DHEA and DHEAS were quantified using liquid chromatography-tandem mass spectrometry
assays. Multivariate logistic regression analyses were used to assess the associations of
DHEA and DHEAS with DKD as well as high urine albumin to creatinine ratio (ACR).

Results: In men with T2DM, the risk of DKD decreased with an increasing DHEA
concentration after adjustment for traditional risk factors; the fully adjusted OR (95% CI) for
tertile3 vs tertile1 was 0.37 (0.19-0.70; P = 0.010 for trend). Similarly, when taking high ACR
as the outcome, lowDHEA levels were still significantly associatedwith increased odds of high
ACR (OR, 0.37; 95% CI, 0.19–0.72 for tertile3 vs tertile1; P = 0.012 for trend). The restricted
cubic spline showed that the risk of DKD gradually decreased with the increment of serum
DHEA levels (P-overall = 0.007; P-nonlinear = 0.161). DHEAS was not independently
associated with the risk of DKD in men. In contrast, no significant relationships were found
between DHEA and DHEAS and the risk of DKD in women (all P > 0.05).

Conclusions: In men with T2DM, low serum DHEA levels were independently related to
the risk of DKD after adjustment for traditional risk factors. Our finding highlights the
potential role of DHEA in the development of DKD in men with T2DM.

Keywords: dehydroepiandrosterone, dehydroepiandrosterone sulfate, diabetic kidney disease, type 2 diabetes
mellitus, androgen
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INTRODUCTON

Diabetic kidney disease (DKD), defined by diabetes with
albuminuria or reduced glomerular filtration rate, is one of the
common microvascular complications of diabetes. DKD is a
leading cause of end-stage renal disease, affecting 40% patients
with type 2 diabetes mellitus (T2DM) (1). The prevalence of
diabetes-related end-stage renal disease remains increasing
despite the improvement in therapies and risk management
(2) . DKD has been proved to increase the risk of
hyperuricemia and cardiovascular disease (CVD) (3, 4).
Moreover, in Asian individuals, patients with DKD are at high
risks of all-cause and CVD mortality (5).

Dehydroepiandrosterone (DHEA) and its sulfate ester
(DHEAS), as precursors of androgen, are the most abundant
sex hormones in the human circulation. Concentrations of
DHEA and DHEAS gradually decrease with age in men and
women (6). The DHEA secretion follows a circadian rhythm and
influenced by adrenocorticotropic hormone and glucocorticoid.
Additionally, the renal clearance of DHEAS is decreased when
renal function is reduced. Evidence has shown that DHEA and
DHEAS improve insulin sensitivity, inhibit vascular
inflammation, increase endothelial cell proliferation, and
reverse systemic vascular remodeling (7–10). Moreover,
epidemiological studies in general population have reported
that low DHEA and DHEAS concentrations are related to the
risk of T2DM, coronary heart disease, and all-cause and
cardiovascular mortality (11–14). In men with T2DM, low
DHEAS has been shown to be associated with urinary albumin
excretion (15). However, high DHEAS levels were proved to be
related to decreased renal function evaluated by creatinine
clearance in lean, young men (16). Meanwhile, the associations
of DHEA and DHEAS with DKD remained unclear.

Accordingly, this cross-sectional study aimed to explore the
associations of DHEA and DHEAS with the risk of DKD in
patients with T2DM.
METHODS

Study Population
This cross-sectional study was conducted in the Department of
Endocrinology and Metabolism, Tianjin Medical University
General Hospital in Tianjin, China. There were 1416 patients
with T2DM hospitalized and measured sex steroid hormones in
our department from October 12, 2020 to Dec 31, 2021. Only one
record was selected if there were multiple hospitalization records
for one participant. Patients aged less than 18 years or pregnant
were excluded. Patients without laboratory results of creatinine
or urine albumin to creatinine ratio (ACR) were also excluded
from the analysis. Figure 1 shows the flow chart of identification
of study population. Therefore, there were totally 1251 inpatients
with T2DM included in this study.

This study received ethical approval from the institutional
review board of Tianjin Medical University General Hospital and
was carried out in accordance with the Helsinki Declaration in
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1995 (as revised in Fortaleza, Brazil, October 2013). The
requirement for informed consent was waived (approval
number: IRB2020-YX-027-01) because the patients ’
information was extracted from electronic medical records,
and the patients’ identities were kept anonymous.

Information Collection
The information about age, sex, insurance type, cigarette
smoking, alcohol drinking, medical history, height, weight,
systolic blood pressure (SBP), diastolic blood pressure (DBP),
total cholesterol (TC), triglycerides (TG), high-density
lipoprotein (HDL), low-density lipoprotein (LDL), fasting
blood glucose (FBG), glycosylated hemoglobin (HbA1c), uric
acid (UA), creatinine, ACR, and the use of renin angiotensin
aldosterone system (RAAS) and sodium-glucose cotransporter 2
(SGLT2) inhibitors was collected from the electronic
medical records.

Participants were divided into three groups according to types
of medical insurance: patients with medical insurance for urban
workers or non-working residents, or patients without any kind
of medical insurance. Body mass index (BMI) was calculated by
patients’ weight in kilogram divided by the square of whose
height in meter. The estimate glomerular filtration rate (eGFR)
was calculated based on the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation (17).

Measurements of DHEA and DHEAS
After admission to hospital, overnight fasting blood samples (at
least 10 h of fasting) were drawn in the morning which were
immediately sent to the Laboratory of Endocrinology and
Metabolism at Tianjin Medical University General Hospital for
the measurement of DHEA and DHEAS. Serum DHEA and
DHEAS were quantified by using liquid chromatography-
tandem mass spectrometry assays. After pretreatment, the
samples were loaded to a Jasper™ HPLC system coupled to an
AB SCIEX Triple Quad™ 4500MD mass spectrometer with a
heated nebulizer ionization source in positive ion mode. There
were six calibration standards and two quality control samples
included in each set of samples. The calibration curves used
linear regression with 1/x2 weighting, and the correlation
coefficients were all greater than 0.99.

Definitions
Diabetes was defined as FBG ≥7.0 mmol/L, 2-hour blood glucose ≥
11.1 mmol/L, HbA1c ≥6.5%, self-reported history of diabetes, or use
of hypoglycemic drugs (18). Hypertension was defined as SBP
≥140mmHg, DBP ≥90mmHg, self-reported history of
hypertension, or use of blood-pressure-lowering drugs (19).
Dyslipidemia was defined as TC ≥6.2 mmol/L, TG ≥2.3 mmol/L,
LDL cholesterol ≥4.1mmol/L, HDL cholesterol <1.0 mmol/L, or use
of lipid-lowering drugs (20). High ACR was diagnosed as ACR>30
mg/g and DKD was diagnosed as ACR>30 mg/g or eGFR<60 mL/
min/1.73 m2 (21).

Statistical Analysis
Continuous variables were shown as mean ± standard deviation
(normal distribution) or median with interquartile range
June 2022 | Volume 13 | Article 915494
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(skewed distribution) and categorical variables were shown as
numbers with percentages. Continuous variables were compared
by using Student’s t-tests (normal distribution) or Mann-
Whitney U tests (skewed distribution) and categorical variables
by chi-squared tests. Multivariate logistic regression analyses
were used to assess the associations of DHEA and DHEAS
with DKD as well as high ACR, the results were shown as
odds ratios (ORs) and 95% confidence intervals (CIs). Serum
levels of DHEA and DHEAS were also equally divided into
tertiles, with the lowest tertile taken as reference in the
multivariate logistic regression analyses. The restricted cubic
spline was used to assess the dose-response association of
DHEA with DKD after adjusting for confounding factors.
DHEA was normalized in the multivariate logistic regression
analyses and restricted cubic spline. The knots were placed at the
5th, 35th, 65th, and 95th percentiles and the reference value was
at 50th percentile of DHEA based on the distribution. A two-
sided P value < 0.05 was considered statistically significant. SPSS
for Windows (version 25.0, Chicago, IL, USA) and R software
(version 4.1.3, R Foundation) were used for analyses.
RESULTS

Clinical Characteristics of the Participants
Table 1 shows the clinical characteristics of study population
grouped according to gender and the presence of DKD. Men with
DKD had higher mean age, duration of T2DM, SBP, UA, and
prevalence of hypertension than those without DKD (all P < 0.001).
Frontiers in Endocrinology | www.frontiersin.org 3
Obviously, men with DKD had lower eGFR levels and higher ACR
levels (all P < 0.001). Moreover, serum DHEA and DHEAS levels
were statistically lower among men with DKD than those without
DKD (all P < 0.001). In addition, the serum DHEA and DHEAS
were highly collinear in this study (r = 0.709; P < 0.001 among men;
r = 0.717; P < 0.001 among women, Figure 2).

Likewise, duration of T2DM, SBP, DBP, TG, FBG, HbA1c, and
UA were higher in female patients with DKD than in those without
DKD (all P < 0.05). Women with DKD had lower eGFR levels,
higher ACR levels, and higher frequencies of hypertension,
dyslipidemia, and use of RAAS inhibitors (all P < 0.05). The
serum DHEA levels were lower in women with DKD than in
those without DKD (P = 0.027, Table 1).

Prevalence of DKD by Tertiles of DHEA
and DHEAS
Figure 3 displays the prevalence of DKD by sex and tertiles of
DHEA and DHEAS. In men with T2DM, the prevalence of DKD
gradually decreased in accordance with increasing tertiles of
DHEA and DHEAS, with 47.9% and 45.9% in tertile1, 34.1%
and 31.2% in tertile2, and 18.4% and 23.5% in tertile3,
respectively (all P < 0.001). However, no statistically significant
trends were found about the percentages of DKD in women with
T2DM (all P > 0.05).

Associations of DHEA and DHEAS With
the Risk of DKD
The adjusted ORs for the associations of DHEA and DHEAS
with DKD as well as high ACR in men are presented in Table 2.
FIGURE 1 | Flow chart of identification of study population. There were 1251 patients with T2DM included in the final analysis.
June 2022 | Volume 13 | Article 915494
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After adjustment for age, current smoking, current drinking,
insurance type, BMI, duration of diabetes, dyslipidemia, SBP,
DBP, FBG, HbA1c, UA, and use of RAAS and SGLT2 inhibitors,
the risk of DKD decreased with an increasing DHEA
Frontiers in Endocrinology | www.frontiersin.org 4
concentration; the fully adjusted OR (95% CI) for tertile3 vs
tertile1 was 0.37 (0.19-0.70; P = 0.010 for trend). Moreover, per
standard deviation (SD) increment of DHEA was related to a
37% decrease in the risk of DKD among men (OR, 0.63; 95% CI,
0.46–0.87; P < 0.05). Similarly, when taking high ACR as the
outcome, low DHEA levels were still significantly associated with
increased odds of high ACR (OR, 0.37; 95% CI, 0.19–0.72 for
tertile3 vs tertile1; P = 0.012 for trend). Low DHEAS levels were
also statistically related to the risk of DKD and high ACR in the
fully adjusted model (DKD: OR, 0.46; 95% CI, 0.24–0.87 for
tertile3 vs tertile1; P = 0.023 for trend; high ACR: OR, 0.46; 95%
CI, 0.24–0.87 for tertile3 vs tertile1; P = 0.011 for trend).
However, when analyzed as a continuous variable, the
associations of DHEAS with DKD or high ACR were not
statistically significant (DKD and high ACR: all OR, 0.85; 95%
CI, 0.65–1.12; all P > 0.05).

In women with T2DM, serum DHEA levels were negatively
associated with the odds of DKD in model 3 (OR, 0.86; 95% CI,
0.50–1.50; P = 0.045 for trend). However, this association was not
statistically significant when taking DHEA as a continuous variable
(OR, 0.95; 95% CI, 0.74–1.22; P > 0.05). In addition, no significant
associations were found between DHEA and DHEAS and the risk
of high ACR in women (all P >0.05, Table 3).
FIGURE 2 | The correlations between serum dehydroepiandrosterone (DHEA)
and dehydroepiandrosterone sulfate (DHEAS) among men and women in this
study. Figure 2 indicates that serum DHEA and DHEAS were highly collinear in
this study. (r = 0.709; P < 0.001 among men; r = 0.717; P < 0.001 among
women).
TABLE 1 | Characteristics of patients with and without DKD.

Men(n=653) Women(n=598)

Non-DKD DKD P Non-DKD DKD P

Participants, % 434 (66.5) 219 (33.5) – 382 (63.9) 216 (36.1) –

Age, years 54.46 ± 13.77 59.36 ± 14.34 <0.001 56.94 ± 14.13 58.24 ± 16.03 0.319
BMI, Kg/m2 27.11 ± 5.03 27.50 ± 5.31 0.397 27.12 ± 6.11 28.13 ± 6.06 0.074
Current smoking, % 199 (46.3) 88 (40.9) 0.198 15 (4.0) 12 (5.7) 0.335
Current drinking, % 195 (45.3) 81 (37.5) 0.057 10 (2.6) 8 (3.8) 0.438
Insurance type, % 0.283 0.206
Urban workers 361 (83.2) 171 (78.1) 318 (83.2) 169 (78.2)
Non-working urban residents 48 (11.1) 31 (14.2) 44 (11.5) 36 (16.7)
Self-pay 25 (5.8) 17 (7.8) 20 (5.2) 11 (5.1)
Duration of type 2 diabetes mellitus, year 6.00 (0.50,12.00) 10.00 (4.00,20.00) <0.001 6.00 (1.00,13.00) 10.00 (2.00,19.00) <0.001
Dyslipidemia, % 333 (77.3) 173 (80.8) 0.298 258 (68.1) 178 (82.4) <0.001
Hypertension, % 232 (53.5) 161 (73.5) <0.001 188 (49.2) 157 (72.7) <0.001
Blood pressure, mmHg
Systolic 133.21 ± 15.92 143.33 ± 20.53 <0.001 132.59 ± 16.48 140.80 ± 20.03 <0.001
Diastolic 83.74 ± 11.15 85.15 ± 13.28 0.177 79.82 ± 10.04 82.81 ± 13.04 0.004
Use of RAAS inhibitors, % 135 (31.2) 83 (38.2) 0.072 96 (25.2) 72 (33.5) 0.031
Use of SGLT-2 inhibitors, % 44 (10.4) 29 (13.7) 0.218 32 (8.5) 16 (2.7) 0.687
TC, mmol/L 4.84 ± 1.87 4.81 ± 1.34 0.776 5.05 ± 1.47 5.15 ± 1.30 0.411
TG, mmol/L 1.72 (1.21,2.49) 1.79 (1.23,2.66) 0.989 1.66 (1.25,2.31) 1.88 (1.36,2.78) 0.001
HDL-C, mmol/L 1.04 ± 0.26 1.06 ± 0.29 0.492 1.15 ± 0.28 1.09 ± 0.27 0.010
LDL-C, mmol/L 2.92 ± 0.94 2.90 ± 1.03 0.815 3.00 ± 1.02 3.05 ± 0.97 0.542
FBG, mmol/L 7.67 ± 2.92 7.56 ± 2.97 0.669 7.42 ± 2.63 8.37 ± 3.14 <0.001
HbA1c, % 8.65 ± 2.33 8.79 ± 2.17 0.458 8.21 ± 2.07 8.87 ± 1.94 <0.001
UA, mmol/L 354.82 ± 100.19 389.44 ± 121.52 <0.001 324.80 ± 93.94 367.46 ± 183.41 0.022
DHEA, nmol/L 8.66 (5.78,12.71) 6.17 (4.03,8.51) <0.001 8.34 (5.05,12.30) 7.11 (4.27,12.12) 0.027
DHEAS, mmol/L 4.13 (2.59,6.02) 2.90 (1.76,4.77) <0.001 2.33 (1.31,3.97) 2.17 (1.25,3.73) 0.453
eGFR, ml/(min*1.73m2) 112.88 ± 17.55 90.02 ± 31.85 <0.001 106.47 ± 17.65 94.48 ± 33.54 <0.001
ACR, mg/g 9.52 (5.70,15.25) 132.35 (46.84,465.40) <0.001 11.00 (6.80,17.40) 80.40 (43.00,246.20) <0.001
June 20
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BMI body mass index; RAAS, renin angiotensin aldosterone system; SGLT2, 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; HbA1c, glycosylated hemoglobin; UA, uric acid; DHEA, dehydroepiandrosterone; DHEAS,
dehydroepiandrosterone-sulfate; eGFR, estimated glomerular infiltration rate; ACR, albumin to creatinine ratio.
Bold results are statistically significant.
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The restricted cubic spline reflected the dose-response
association of DHEA with the risk of DKD in men (Figure 4).
The risk of DKD gradually decreased with the increment of
serum DHEA levels after adjusting for confounding factors (P-
overall = 0.007; P-nonlinear = 0.161).
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DISCUSSION

In this cross-sectional study, we provided the evidence about the
associations of DHEA and DHEAS with the risk of DKD in
patients with T2DM. Our results showed that, in men with
TABLE 2 | Odds ratios of DKD among men by different status of DHEA and DHEAS.

Odds ratios (95% CI)

Model 1 Model 2 Model 3

DKD
DHEA, nmol/L
Tertile1 Reference Reference Reference
Tertile2 0.60 (0.40,0.89) 0.62 (0.41,0.93) 0.66 (0.39,1.12)
Tertile3 0.28 (0.17,0.46) 0.29 (0.18,0.49) 0.37 (0.19,0.70)
P for trend <0.001 <0.001 0.010
1SD increment of DHEA 0.55 (0.43,0.70) 0.55 (0.43,0.71) 0.63 (0.46,0.87)
DHEAS, mmol/L
Tertile1 Reference Reference Reference
Tertile2 0.59 (0.40,0.88) 0.60 (0.40,0.91) 0.53 (0.31,0.91)
Tertile3 0.46 (0.29,0.73) 0.49 (0.31,0.79) 0.46 (0.24,0.87)
P for trend 0.002 0.007 0.023
1SD increment of DHEAS 0.83 (0.67,1.02) 0.85 (0.69,1.05) 0.85 (0.65,1.12)
High ACR
DHEA, nmol/L
Tertile1 Reference Reference Reference
Tertile2 0.68 (0.45,1.00) 0.70 (0.46,1.06) 0.74 (0.43,1.26)
Tertile3 0.31 (0.19,0.50) 0.32 (0.19,0.54) 0.37 (0.19,0.72)
P for trend <0.001 <0.001 0.012
1SD increment of DHEA 0.57 (0.44,0.74) 0.58 (0.45,0.75) 0.62 (0.45,0.86)
DHEAS, mmol/L
Tertile1 Reference Reference Reference
Tertile2 0.58 (0.39,0.88) 0.60 (0.39,0.91) 0.47 (0.27,0.81)
Tertile3 0.48 (0.30,0.77) 0.52 (0.32,0.84) 0.46 (0.24,0.87)
P for trend 0.002 0.012 0.011
1SD increment of DHEAS 0.84 (0.68,1.03) 0.87 (0.70,1.08) 0.85 (0.65,1.12)
June 2022 | Volume 13
Model 1: adjusts for age.
Model 2: model 1 + current smoking, current drinking, insurance type.
Model 3: model 2 + BMI, duration of diabetes, dyslipidemia, SBP, DBP, FBG, HbA1c, UA, and use of RAAS and SGLT2 inhibitors.
DKD, diabetic kidney disease; CI, confidence intervals; DHEA, dehydroepiandrosterone; DHEAS, dehydroepiandrosterone-sulfate; SD, standard deviation; ACR, albumin to creatinine
ratio; BMI body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HbA1c, glycosylated hemoglobin; UA, uric acid; RAAS, renin
angiotensin aldosterone system; SGLT2, sodium-glucose cotransporter 2.
Bold results are statistically significant.
A B

FIGURE 3 | Prevalence of diabetic kidney disease (DKD) by tertiles of serum dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEAS) in men
and women: (A) DHEA; (B) DHEAS. Figure 3 shows that the percentages of men with DKD significantly decreased in accordance with increasing tertiles of serum
DHEA and DHEAS (both P < 0.001).
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T2DM, low serum DHEA levels were independently related to
the risk of DKD after adjustment for traditional risk factors. In
contrast, no significant relationships were found between
DHEAS and the risk of DKD in men or women with T2DM.

DHEA has been proved to be beneficial in the progression of
macrovascular diseases in previous studies. A prospective study
including men aged 40-70 years has shown that low serum
DHEA concentrations were related to incident ischemic heart
disease, independent of traditional risk factors (22). In the
Osteoporotic Fractures in Men study, serum DHEA has been
found to predict the risk of developing coronary heart disease
among elderly men (12). Additionally, a cross-sectional study
enrolling patients with T2DM from Shanghai, China showed
that low DHEA levels were associated with the presence of CVD
in male patients (23). The links between DHEA and
macrovascular diseases can be attributed to inhibition of
vascular inflammation and platelet aggregation and reversion
of vascular remodeling mediated by DHEA (8, 10, 24).

However, there were conflicting results about the
relationships between DHEA and microvascular complications.
A population-based, cross-sectional study including 5445
participants aged 50 years or more from the Rotterdam Study
reported that DHEA was not statistically related to the risk of
microvascular damage in men or women, evaluated by retinal
TABLE 3 | Odds ratios of DKD among women by different status of DHEA and DHEAS.

Odds ratios (95% CI)

Model 1 Model 2 Model 3

DKD
DHEA, nmol/L
Tertile1 Reference Reference Reference
Tertile2 0.64 (0.42,0.97) 0.61 (0.40,0.93) 0.50 (0.29,0.88)
Tertile3 0.77 (0.49,1.19) 0.79 (0.51,1.23) 0.86 (0.50,1.50)
P for trend 0.107 0.071 0.045
1SD increment of DHEA 0.82 (0.65,1.02) 0.82 (0.66,1.02) 0.95 (0.74,1.22)
DHEAS, mmol/L
Tertile1 Reference Reference Reference
Tertile2 0.98 (0.65,1.48) 1.00 (0.66,1.52) 0.90 (0.53,1.53)
Tertile3 0.96 (0.62,1.50) 0.90 (0.57,1.42) 0.93 (0.52,1.65)
P for trend 0.986 0.875 0.922
1SD increment of DHEAS 1.01 (0.84,1.22) 0.99 (0.82,1.19) 1.02 (0.80,1.29)
High ACR
DHEA, nmol/L
Tertile1 Reference Reference Reference
Tertile2 0.66 (0.44,1.01) 0.63 (0.41,0.97) 0.58 (0.33,1.01)
Tertile3 0.77 (0.49,1.20) 0.79 (0.50,1.24) 0.90 (0.52,1.56)
P for trend 0.151 0.107 0.133
1SD increment of DHEA 0.82 (0.65,1.02) 0.82 (0.66,1.02) 0.94 (0.73,1.21)
DHEAS, mmol/L
Tertile1 Reference Reference Reference
Tertile2 0.94 (0.62,1.42) 0.95 (0.63,1.45) 0.91 (0.54,1.55)
Tertile3 0.93 (0.59,1.45) 0.87 (0.55,1.37) 0.90 (0.51,1.60)
P for trend 0.932 0.827 0.923
1SD increment of DHEAS 1.00 (0.83,1.20) 0.98 (0.81,1.18) 1.00 (0.79,1.26)
June 2022 | Volume 13
Model 1: adjusts for age.
Model 2: model 1 + current smoking, current drinking, insurance type.
Model 3: model 2 + BMI, duration of diabetes, dyslipidemia, SBP, DBP, FBG, HbA1c, UA, and use of RAAS and SGLT2 inhibitors.
DKD, diabetic kidney disease; CI, confidence intervals; DHEA, dehydroepiandrosterone; DHEAS, dehydroepiandrosterone-sulfate; SD, standard deviation; ACR, albumin to creatinine
ratio; BMI body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HbA1c, glycosylated hemoglobin; UA, uric acid; RAAS, renin
angiotensin aldosterone system; SGLT2, sodium-glucose cotransporter 2.
Bold results are statistically significant.
FIGURE 4 | The dose-response association of dehydroepiandrosterone
(DHEA) with diabetic kidney disease (DKD) in men shown by the restricted
cubic spline. The line indicated the adjusted ORs for serum DHEA levels in
men. 95% CI was shown by shaded areas. Adjust for age, current smoking,
current drinking, insurance type, BMI, duration of diabetes, dyslipidemia,
SBP, DBP, FBG, HbA1c, UA, and use of RAAS and SGLT2 inhibitors.
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arteriolar and venular calibers (25). However, another cross-
sectional study enrolling patients with T2DM from Shanghai,
China showed that postmenopausal women with higher DHEA
levels were at increased odds of DKD (23). Unlike results in
previous study, our data showed that low serum DHEA levels
were independently related to the risk of DKD in men with
T2DM after adjustment for traditional risk factors. Perhaps the
differences in study design, participants included, and
confounding factors adjusted could partly explain the
conflicting conclusions. Further studies are needed to better
clarify this issue.

Animal experiments indicated beneficial effect of DHEA on
metabolism and renal injury despite conflicting results shown by
epidemiological studies. In old female rats, DHEA treatment
could change fatty acid profiles in serum and adipose tissue,
decrease body weight and adiposity, and, thus, increase insulin
sensitivity (26, 27). For dexamethasone-treated or diabetic
rabbits, DHEA improved insulin sensitivity, lipid levels,
directly inhibited renal gluconeogenesis, delayed the onset of
diabetes, and alleviated renal oxidative stress and albuminuria
(28–30). In hyperglycemic rats, DHEA treatment was also
proved to prevent the oxidative damage in the kidneys (31,
32). Moreover, DHEA prevented lipid peroxidation and cell
growth inhibition induced by high glucose concentrations in
rat mesangial cells (33).

The evidences in animal experiments result in possible
benefits of DHEA supplement in the prevention of chronic
complications of diabetes. Some clinical trials in human
showed the expected benefits in metabolism with DHEA
treatment but others showed no significant metabolic changes.
For women with adrenal insufficiency, 50 mg DHEA treatment
for 3 months significantly improved insulin sensitivity (34).
Additionally, in healthy men and women, DHEA therapy
decreased insulin resistance, lipids, inflammatory cytokines,
visceral fat, subcutaneous fat and, thus, had a potential impact
in prevention of diabetes (35, 36). However, in a randomized,
placebo-controlled, double-blind trial enrolling 112 healthy,
elderly men and women, DHEA replacement could not
improve insulin secretion or postprandial glucose metabolism
pattern (37). The fat distribution, lipid profiles, or insulin action
were also not changed in healthy men and women with DHEA
replacement (38, 39). Even for patients with adrenal
insufficiency, DHEA supplement for several months could not
influence fasting glucose, insulin, lipids, or endothelial function
(40, 41). Due to the small sample sizes of studies mentioned
above, further clinical trials with large samples are still needed to
confirm the effect of DHEA replacement on glucose metabolism
and complications of diabetes.

The relationship between DHEAS and renal function was
inconsistent evaluated by previous studies. A cross-sectional
study recruiting 928 men (mean age: 18.5 ± 1.2) showed that
DHEAS was inversely related to creatinine clearance in lean
participants (16). The targeted metabolomics evaluating 450
plasma metabolites also proved that DHEAS was also inversely
associated with eGFR in 616 adults (42). However, in patients
with T2DM, low DHEAS concentrations were proved to be a risk
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predictor of urinary albumin excretion among men and women
(43, 44). In addition, low DHEAS levels increased the risk of all-
cause mortality in CKD hemodialysis men (45). Nevertheless, in
adolescents with type 1 diabetes mellitus, DHEAS was not
statistically associated with the risk of microalbuminuria after
adjustment for cofounding risk factors (46). In this study, we did
not find statistically significant associations of DHEAS with
DKD as well as high ACR in men or women with T2DM.
DHEAS, as the sulfation form of DHEA, is regarded as
inactive metabolites because it cannot activate classical steroid
receptors. Moreover, hydrophilic properties of the sulfation
decrease the membrane permeation and movement of DHEAS
from the circulation to peripheral tissues. Perhaps the inactive
form and hydrophilic properties of sulfated steroid hormones
could partly explain the different roles of DHEA and DHEAS in
the presence of DKD. Future studies are needed to better clarify
the mechanisms of this phenomenon.

This study had several limitations. First, the associations of
DHEA and DHEAS with DKD did not indicate causation due to
the cross-sectional design of the study; Second, we did not collect
all factors related to DKD, such as eating habits, which might
limit the multivariate analyses. Third, the sample size of our
study was relatively small. Thus, future researches are needed to
base on more large samples. Finally, this study recruited
inpatients with T2DM; therefore, the conclusion could not
represent the overall diabetic population.

In conclusion, in men with T2DM, low serum DHEA levels
were independently related to the risk of DKD after adjustment
for traditional risk factors. In contrast, no significant
relationships were found between DHEAS and the risk of
DKD in men or women. Our finding highlights the potential
role of DHEA in the development of DKD in men with T2DM.
Further prospective studies are needed to confirm the association
in future.
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