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Abstract 

Background:  Obesity is associated with low testosterone levels that could be caused by many mechanisms. Adropin, 
a peptide hormone, its levels are decreased in obesity and its receptors are expressed in the hypothalamus, the pitui‑
tary gland, and the testis. Adropin association to total testosterone in obese men is not detected yet. This study tries 
to find out possible associations between serum levels of adropin, adiponectin, total testosterone, and lipid profile in 
obese men.

Methods:  Serum levels of adropin, adiponectin, total testosterone, and lipid profile parameters were measured in 43 
obese men and 40 age-matched normal-weight men.

Results:  Adropin, adiponectin, and testosterone levels were significantly lower in obese men versus normal-weight 
men. In all participants, positive correlations between adropin, adiponectin, and total testosterone were detected. 
Adropin is considered a predictor risk factor for testosterone.

Conclusions:  This study suggests a possible causal relationship between adropin and total testosterone which needs 
further investigation.

Trial registration:  Clincialtrials.gov NCT03​724825, registered October 30th, 2018.

Keywords:  Adropin, Adiponectin, Total testosterone, Obesity

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Obesity is a worldwide increasing problem, which is 
caused mainly by a positive energy balance in the form 
of increased energy intake than energy expenditure [1]. 
Obesity is linked to many health consequences as dyslipi-
daemia, diabetes mellitus, hypertension, and low testos-
terone levels in men [2]. Low testosterone levels not only 
predispose to infertility but also are considered biomark-
ers for mortality and morbidity in men [3]. Decreased 
muscle mass and bone mineral density [4], increased 

insulin resistance, risk of diabetes mellitus, low high-
density lipoprotein cholesterol (HDL-c) levels, high tri-
glycerides (TG) levels, hypertension, atherosclerosis, and 
myocardial infarction all are related to low testosterone 
levels [5]. Obesity can alter testosterone levels by many 
mechanisms. However, the exact mechanism is highly 
complex [6]. Adipokines, cytokines, and inflammation 
play a role in decreasing testosterone levels in obesity 
[7]. High aromatase enzyme expression that converts 
testosterone to oestrogen also affects testosterone levels 
by negative inhibition on the hypothalamic-pituitary-
gonadal (HPG) axis [8]. Also, obesity-associated oxi-
dative stress can injure testicular tissues and decrease 
testosterone levels [9].
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Adropin, a 76 amino acid peptide hormone, was first 
discovered by Kumar et al [10] in obese mice during the 
microarray analysis of liver gene expression. It is encoded 
by the energy homeostasis-associated (Enho) gene [10], 
which is expressed in various organs such as the brain, 
liver, kidney, heart, pancreas, and human umbilical vein 
[11]. The orphan G protein-coupled receptor (GPR 19) 
is present in several tissues as the hypothalamic nuclei, 
the cerebellum, the testis, the heart, the liver, and the kid-
neys [12]. It is suggested to be the possible site of adropin 
action [13]. Adropin plays a role in energy homeostasis 
through the control of glucose and fatty acid metabo-
lism [14]. It also has an anti-inflammatory [15] and an 
anti-oxidant effect [16]. In addition, it is described as a 
membrane-bound protein that binds with NB-3 and acti-
vates the Notch1 signaling pathway in the brain which is 
required for normal cerebellar development [17].

Adropin was found to decrease in obese subjects com-
pared to overweight and normal-weight subjects, and its 
level negatively correlated with body mass index (BMI) 
[18]. Intra-peritoneal adropin administration to diet-
induced obese (DIO) rats reduced total cholesterol (TC), 
TG, and low-density lipoprotein cholesterol (LDL-c) lev-
els and increased HDL-c levels [15].

Lower adiponectin levels were detected in obese sub-
jects than in the normal-weight subjects [19–21]. Circu-
lating adiponectin levels showed a positive correlation 
with HDL-c and a negative correlation with TG and very-
low-density lipoprotein (VLDL) levels [22]. Adiponec-
tin can regulate testosterone secretion possibly through 
acting on the HPG axis [23]. Adiponectin inhibits gon-
adotrophin-releasing hormone (GnRH) release from the 
hypothalamus and luteinizing hormone (LH) release 
from the pituitary gland [24]. In addition, it can directly 
affect testosterone levels by acting on the testis, as adi-
ponectin receptor 1 (Adipo R1) and adiponectin receptor 
2 (Adipo R2) were identified in the testis [25].

Several mechanisms can affect testosterone levels, 
Adropin hormone may play a role however, up to our 
knowledge no previous literature clarified the relation 
between adropin and testosterone levels in normal-
weight and obese men. This study aims to find out pos-
sible relations between adropin, adiponectin, lipid profile 
parameters, and total testosterone levels in normal-
weight and obese men.

Methods
This case-control study aims to find possible associa-
tions between total testosterone, adropin, adiponectin, 
and lipid profile parameters. 43 obese Egyptian men 
were included in this study (BMI ≥ 30 kg/m2) and age-
matched 40 normal-weight men (BMI ≥18.5 and ≤ 25 
kg/m2). The sample size was calculated by G Power 3 

software [26] to detect an effect size of 0.2 in the mean 
adropin and/or adiponectin levels, with an α error prob-
ability of 0.05 and 80% power.

Included in this study were men aged from 18 years to 
50 years. Subjects with known diabetes mellitus, hyper-
tension, heart failure, kidney diseases, liver diseases, 
smokers, and subjects with a history of obstructive sleep 
apnea were excluded.

Blood samples were collected from obese and normal-
weight men after fasting for 8-12 hours. Blood was cen-
trifuged at 3000 rpm for 15 minutes to separate serum. 
The clear, non-haemolysed supernatant was separated 
and stored at -20°C until analysis. Total serum testoster-
one levels were measured by VIDAS Testosterone kits 
(Catalog No. 414320) purchased from Biomerieux, SA, 
France by Enzyme-linked fluorescent assay (ELFA) tech-
nique with intra-assay: coefficient of variability (CV)< 
8% and inter-assay: CV≤ 12% for samples with a concen-
tration between 0.3 ng/mL and 3 ng/mL and CV ≤ 10% 
for samples with a concentration greater than 3 ng/mL. 
Enzyme-Linked immunosorbent assay (ELISA) tech-
nique using kits purchased from SinoGeneClon Biotech 
Co., Ltd., China. were used to measure adropin (Catalog 
No. SG-11595) with a sensitivity: 0.5 ng/ml, intra-assay: 
CV< 8%, and inter-assay: CV<10%, and serum adiponec-
tin levels (Catalog No. SG-10421) with a sensitivity: 5 ng/
ml, intra-assay: CV< 8%, and inter-assay: CV <10%. Fast-
ing serum blood glucose, TC, TG, and HDL-c levels were 
determined by the enzymatic colorimetric method by 
kits purchased from Biotecnica instruments S.p.A, Italy. 
The equation described by Friedewald et al [27] was used 
to determine serum LDL-c levels.

Statistical analysis
Values were analysed using Statistical Package for Social 
Sciences (SPSS) version 26. The collected data were sub-
jected to the Shapiro-Wilk test for testing normality. If 
the distribution was normal, the data were expressed as 
mean ± standard deviation, an independent t test, and 
Pearson correlation tests were used; however, if the dis-
tribution was not normal, the data were expressed as 
median and interquartile range, Mann–Whitney U test 
and Spearman correlation tests were applied.

Results
Serum levels of TC, TG, and LDL-c were significantly 
higher, while HDL-c levels were significantly lower in 
obese when compared to normal-weight men (P < 0.05 
for all). Significantly lower total testosterone, adropin, 
and adiponectin levels were detected in obese compared 
to normal-weight men (P < 0.05 for all) (Table 1).

Correlation analysis in normal-weight and obese 
men detected that BMI showed significant negative 
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correlations with adropin, adiponectin, and total testos-
terone levels (P < 0.05 for all). Adropin had significant 
negative correlations with TC, TG, and LDL-c levels (P 
< 0.05 for all) but had a significant positive correlation 
with HDL-c levels (P < 0.05). Adiponectin showed sig-
nificant negative correlations with TC, TG, and LDL-c 
levels (P < 0.05 for all), and a significant positive cor-
relation with HDL-c levels (P< 0.05). Total testoster-
one was negatively correlated with TC, TG, and LDL-c 
levels (P < 0.05 for all), but positively correlated with 
HDL-c levels (P < 0.001) (Table 2).

Significant positive correlation between adropin and 
total testosterone levels was determined (r = 0.383, P 
< 0.001) (Fig. 1). Adiponectin correlated positively with 
total testosterone levels (r = 0.325, P < 0.01) (Fig. 2) and 
positively with adropin (r = 0.720, P < 0.001) (Fig. 3).

By multivariate stepwise regression analysis, the inde-
pendent predictors of serum testosterone level accord-
ing to B levels in order are HDL-c (B = 0.065, P < 0.01), 
adropin (B = 0.034, P < 0.05), and TG (B = -0.005, P 
< 0.05) (Table  3), while adiponectin, TC and LDL-c 
showed insignificant association with testosterone (P > 
0.05 for all) (not shown on table).

The independent predictors of serum adropin level by 
multivariate stepwise regression analysis, according to 
B levels in order are adiponectin (B = 0.009, P < 0.001), 
and TG (B = - 0.022, P < 0.05) (Table 4), while testoster-
one, TC and LDL-c showed insignificant association with 
adropin (P > 0.05 for all) (not shown on table).

The independent predictors of serum adiponectin level 
is adropin (B = 70.838, P < 0.001) (Table 5), while testos-
terone, TC, TG and LDL-c showed insignificant associ-
ation with adiponectin (P > 0.05 for all) (not shown on 
table).

Discussion
Obesity is associated with low testosterone levels in men 
[28]. The relationship of adropin to total testosterone in 
normal-weight and obese men requires further investiga-
tion. The current study attempts to determine changes in 
adropin levels and their possible relationship to testoster-
one, adiponectin, and lipid profile.

Total testosterone levels in obese men were signifi-
cantly lower than in normal-weight men, and they were 
negatively associated with BMI. Several previous stud-
ies found low testosterone levels in obese men [29–31].. 
Obesity, with its associated insulin resistance and high 

Table 1  Fasting blood glucose, lipid profile, total testosterone, adropin, and adiponectin in normal-weight and obese men

Data were expresses as mean ± SD or median (interquartile range); P: significance of obese versus normal-weight group; A P-value < 0.05 is considered significant

n= number of subjects/group, TC Total cholesterol, TG Triglycerides, HDL-c High-density-lipoprotein cholesterol, LDL-c Low-density-lipoprotein cholesterol

Measured parameters Normal-weight (n=40) Obese (n=43) Significance
P value

Fasting blood glucose (mg/dl) 84.11± 16.45 89.09 ± 18.44 > 0.05

TC (mg/dl) 148.60 ± 24.53 199.58 ± 43.46 < 0.001

TG (mg/dl) 68.52 ± 23.65 147.28 ±101.32 < 0.001

HDL-c (mg/dl) 41.51 ± 11.06 35.58 ± 6.14 < 0.001

LDL-c (mg/dl) 93.62 ± 25.52 134.53 ± 33.32 < 0.001

Total testosterone (ng/ml) 6.48 ± 1.54 4.36 ± 1.44 < 0.001

Adropin (ng/ml) 25.45 (10.88) 9.60 (4.50) < 0.001

Adiponectin (ng/ml) 1751.45 (1108.90) 901.90 (352.40) < 0.001

Table 2  Correlations between adropin, adiponectin, total testosterone, and lipid profile

r: correlation coefficient; P: significance level; P-value < 0.05 is considered significant

BMI Body mass index, TC Total cholesterol, TG Triglycerides, HDL-c High-density-lipoprotein cholesterol, LDL-c Low-density-lipoprotein cholesterol

Adropin (ng/ml) Adiponectin (ng/ml) Total testosterone (ng/ml)

r P r P r P

BMI (kg/m2) - 0.661 < 0.001 -0.562 < 0.001 -0.553 < 0.001

TC (mg/dl) - 0.475 < 0.001 - 0.357 < 0.001 -0.266 0.015

TG (mg/dl) -0.553 < 0.001 - 0.417 < 0.001 -0.374 < 0.001

LDL-c (mg/dl) - 0.285 0.009 - 0.216 0.049 -0.260 0.018

HDL-c (mg/dl) 0.265 0.015 0.286 0.009 0.433 <0.001
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Fig. 1  Correlation between adropin and total testosterone levels in normal-weight and obese men

Fig. 2  Correlation between adiponectin and total testosterone levels in normal-weight and obese men
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TG levels, has been linked to lower testosterone levels 
[32]. Decreased adiponectin secretion from adipose 
tissue may also play a role [7]. High aromatase enzyme 

expression, which converts testosterone to oestrogen, 
lowers testosterone levels via HPG axis negative inhi-
bition [8]. Furthermore, obesity-related increases in 
TNF- can directly inhibit LH secretion [33].

This study found a significant positive correlation 
between adropin and total testosterone. Furthermore, 
stepwise regression analysis showed that HDL-c, adro-
pin, and TG are significant predictors of testosterone 
levels. In line with this, Fernández-Miró et  al [5] dis-
covered that low testosterone levels were associated 
with low HDL-c and high TG levels in men, and Hagi-
uda et al [32] found that TG was a significant risk factor 
for decreased serum testosterone levels in men. To our 
knowledge, no previous study has described the rela-
tionship between adropin and testosterone in men.

Fig. 3  Correlation between adiponectin and adropin levels in normal-weight and obese men

Table 3  Multivariate stepwise regression analysis showing 
significant predictors of total testosterone

B: B coefficient; SE Standard error, 95% CI 95% confidence interval; R square for 
the model is 0.317; P: significance. P is significant if < 0.05; HDL-c High-density-
lipoprotein cholesterol, TG Triglycerides

Variables B ± SE 95% CI for B P

HDL-c (mg/dl) 0.065 ± 0.019 0.028 – 0.103 0.001

Adropin (ng/ml) 0.034 ± 0.014 0.006 – 0.063 0.019

TG (mg/dl) -0.005 ± 0.002 -0.009 – - 0.0003 0.036

Table 4  Multivariate stepwise regression analysis showing 
significant predictors of adropin

B B coefficient; SE Standard error; 95% CI 95% confidence interval; R square for 
model is 0.678; P: significance; P is significant if < 0.05; TG Triglycerides

Variables B ± SE 95% CI for B P

Adiponectin (ng/ml) 0.009 ± 0.001 0.007 – 0.010 <0.001

TG (mg/dl) -0.022 ± 0.010 - 0.042 – - 0.003 0.027

Table 5  Multivariate stepwise regression analysis showing 
significant predictors of adiponectin

B B coefficient, SE Standard error; 95% CI 95% confidence interval; R square for 
model is 0.657; P: significance; P is significant if < 0.05.

Variable B ± SE 95% CI for B P

Adropin (ng/ml) 70.838 ± 5.683 59.532 – 82.145 <0.001
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Adropin may influence testosterone levels by affecting 
TG levels. Adropin administration to rats decreased TG 
synthesis [34], implying that lower adropin levels in obe-
sity are associated with higher TG levels, which are con-
sidered a significant predictor of testosterone levels, as 
mentioned in this study and the Hagiuda et al [32] study.

Adropin administration decreased TNF- α levels in 
streptozotocin-induced type 2 diabetic rats [15]. Obesity 
is associated with low adropin levels and high TNF-α lev-
els which inhibit LH production and decrease total tes-
tosterone levels [35]. Besides that, high oxidative stress 
levels associated with low adropin [16] are linked to low 
testosterone levels [36].

Adropin has been identified as a predictor risk factor 
for adiponectin levels in this study, which is supported by 
Kumar et  al [10] who demonstrated that adropin injec-
tion in mice increased serum adiponectin levels. Adro-
pin directly increased adiponectin mRNA expression in 
rat adipocytes [37]. Besides that, adropin administration 
in streptozotocin-induced type 2 diabetic rats decreased 
TNF-α levels [15]. Obesity-associated low adropin levels 
are related to high TNF-α levels, which act on adipocytes 
decreasing adiponectin mRNA stability and expression, 
resulting in decreased adiponectin formation [38]. Thus 
low adropin levels associated with obesity could modu-
late testosterone levels by decreasing adiponectin levels.

Adiponectin could influence testosterone secretion 
by acting on the HPG axis [23]. It inhibits hypothalamic 
GnRH secretion as well as pituitary LH release [24]. Adi-
ponectin receptors were discovered in the testis [25], and 
its administration to rats reduced testosterone levels in 
the testis [39]. This study revealed a positive association 
between adiponectin and testosterone. Thomas et al [40] 
found a positive correlation between adiponectin and tes-
tosterone in normal-weight and obese adult men. Riestra 
et al [41] found a negative but not significant correlation 
between adiponectin and testosterone in normal-weight 
adolescents. Furthermore, Song et  al [42] found no sig-
nificant correlation between adiponectin and testoster-
one in normal-weight old men. This could be explained 
by differences in testosterone levels across age groups, 
which affect adiponectin levels.

In this study, obese men had significantly lower adi-
ponectin levels than normal-weight men, which is con-
sistent with Thanakun et  al [20] and Li et  al [21], who 
found lower adiponectin levels in obese subjects. Obe-
sity-associated low adiponectin levels could reduce 
adiponectin inhibition on GnRH and LH secretion, 
increasing testosterone levels [24]. However, adiponectin 
can affect testosterone in other ways, as illustrated below: 
Obesity-related low adiponectin levels raise TG levels 
by decreasing TG catabolism [22], which is a significant 
risk factor for low testosterone levels in men [32]. TNF-α 

production in the liver is reduced by adiponectin [43]. As 
a result, lower adiponectin levels in obesity may be asso-
ciated with increased TNF-α production, which directly 
inhibits pituitary LH secretion [35]. Low adiponectin 
levels have been linked to high levels of oxidative stress 
[44], which may further reduce testosterone levels [36]. 
Although low adiponectin levels can increase testoster-
one levels when acting directly on the hypothalamus, 
pituitary, and testis, it can also decrease testosterone lev-
els by increasing TG levels, TNF-α, and oxidative stress 
levels. The sum of these mechanisms could be the net 
effect of adiponectin on testosterone.

Another way adropin can affect testosterone is by acting 
directly on the hypothalamus, affecting GnRH secretion. 
Loewen and Ferguson [45] discovered that the majority of 
cells in the paraventricular nucleus responded to adropin 
bath application via depolarization or hyperpolarization. 
More studies are needed to determine the precise effect of 
adropin on GnRH secretion. Concerning the effect of adropin 
on the pituitary gland and the testis, Hoffmeister-Ullerich et al 
[12] discovered GPR19 expression in the pituitary gland and 
testis of mice, implying a possible adropin role in the pitui-
tary gland and the testis. The exact effect of adropin on LH 
and testosterone secretion requires further research.

This study has several limitations that must be addressed. 
This study did not rule out hypothyroidism or hyperthy-
roidism, both of which can affect lipid profile levels. Fur-
thermore, adiponectin, adropin, and testosterone levels 
may be affected by age. Participants in this study ranged 
in age from 18 to 50 years old; smaller age groups may be 
required to test the effects of age on these parameters. 
Future research is needed to confirm the effect of adropin 
on testosterone levels, which could be accomplished by 
injecting adropin into rats or culturing testicular, pituitary, 
or hypothalamic tissues with adropin, both of which were 
unavailable to the authors at the time of the study.

Conclusion
Many factors contribute to obesity-related low testoster-
one levels. Adropin hormone was discovered to be a pre-
dictor risk factor of testosterone in this study, implying 
that adropin may play a role in influencing testosterone 
levels. This could be accomplished by affecting TG and 
adiponectin levels. More research is needed to determine 
exactly how adropin affects testosterone levels.
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