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INTRODUCTION

ABSTRACT

Background: The association between estradiol/testosterone (E2/T) ratio and metabolic
dysfunction-associated steatotic liver disease (MASLD) remains controversial. Moreover, few
studies have explored their relationship in men with type 2 diabetes mellitus. We aimed
to investigate the association of the E2/T ratio with MASLD in type 2 diabetes mellitus
male patients.

Methods: This real-world observational study was performed in 1441 male type 2
diabetes mellitus patients. MASLD was determined by abdominal ultrasonography. The
clinical characteristics and prevalence of MASLD were compared across the E2/T ratio
quartiles. The association of the E2/T ratio and quartiles with MASLD was also evaluated
using binary logistic regression.

Results: After adjusting for age and diabetes duration (DD), MASLD prevalence
significantly increased across the E2/T ratio quartiles (37.7%, 42.6%, 53.1%, and 69.3%,
respectively, P < 0.001 for trend). Fully adjusted logistic regression showed that both the
E2/T ratio (OR: 2.201, 95% Cl: 1.380-3.511, P = 0.001) and quartiles (P = 0.001) were
positively associated with MASLD in males with type 2 diabetes mellitus. Furthermore,
C-reactive protein (CRP) levels were significantly higher in patients with MASLD compared
with those without (P < 0.001), and obviously increased across the E2/T ratio quartiles
after controlling for age and DD (P = 0.016 for trend).

Conclusions: The E2/T ratio was independently and positively associated with the
increased risk of MASLD in male type 2 diabetes mellitus patients, which may be
attributed to the close association between the E2/T ratio and inflammation. The E2/T
ratio may serve as a simple and practical indicator to assess the risk of MASLD in male
type 2 diabetes mellitus patients.

abnormal sex hormone levels may contribute to various dis-

Both estradiol (E2) and testosterone (T) are key steroid hor-
mones commonly associated with reproductive function. How-
ever, they also play important roles in regulating overall
physiological processes, such as bone growth, cognitive func-
tion, cardiovascular health, and metabolic health'>. Therefore,
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eases including metabolic disorders. For example, a nationally
representative study conducted in young and middle-aged adult
men in the United States found that low levels of total E2 were
strongly associated with an elevated risk of cardiovascular dis-
ease (CVD) mortality after more than 27 years of follow-up’.
Furthermore, a case—control study reported that male patients
with metabolic syndrome (MetS) had significantly lower serum
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T levels and notably higher serum E2 levels compared to
healthy participants*. These findings highlight the critical roles
of E2 and T in overall health, especially metabolic health.

Considering the interaction between E2 and T, the E2/T
ratio was first described by Chopra and colleagues in the con-
text of hepatic cirrhosis in 1973°. They found that the most
consistent abnormality in males with hepatic cirrhosis was a
super-normal E2 to T ratio, which suggested a potential role of
the altered balance between circulating estrogen and androgen
in the pathogenesis of gynecomastia in these patients’. Com-
pared to individual measurements of E2 and T, the E2/T ratio
provides a more comprehensive approach to exploring potential
synergistic effects of sex hormones, and has been widely used
to investigate the relationship between sex hormones and vari-
ous clinical conditions® ®. More importantly, the E2/T ratio has
been found to be linked to metabolism-related diseases such as
metabolic syndrome and osteoporosis since 2015” *'. For exam-
ple, a longitudinal study performed in European men observed
that a lower E2/T ratio might be associated with a decreased
risk of developing metabolic syndrome'’.

As one of the metabolic disorders, metabolic
dysfunction-associated steatotic liver disease (MASLD), formerly
known as non-alcoholic fatty liver disease (NAFLD), is the
leading cause of chronic liver disease and affects up to
one-third of the global population'”. Interestingly, premenopau-
sal women exhibit a significantly lower incidence of MASLD
compared with postmenopausal women and men of the same
age'>'", suggesting that serum E2 may be a protective factor
against the development of liver steatosis. Additionally, some
studies also reported the close association between serum T
levels and the risk of MASLD"". For example, a
meta-analysis including 13,721 men and 5,840 women revealed
that high serum T levels were associated with a decreased risk
of MASLD in men, but an increased risk in women'’. The role
of androgens in MASLD differs between men and women, but
the close relationship between sex hormones and MASLD is
undeniable.

However, few studies have examined the association between
the E2/T ratio and MASLD, and with inconsistent ﬁndingsl&zo.
For example, a cross-sectional study demonstrated that a high
E2/T ratio was independently associated with an increased risk
of hepatic steatosis in male patients with chronic hepatitis B'®.
Similarly, another study reported significantly higher E2/T
ratios in males with compensated or decompensated
non-alcoholic liver cirrhosis compared with healthy males'. In
contrast, a prospective study of 79 boys, including 15 over-
weight and 64 obese, revealed no significant difference in the
E2/T ratio between those with and without MASLD®. There-
fore, the association between the E2/T ratio and MASLD in
males remains unclear and controversial.

It is well-established that type 2 diabetes mellitus patients
have a higher risk of developing MASLD than the general pop-
ulation. Several studies have explored the association between
sex hormones and MASLD in type 2 diabetes mellitus®"-**, For
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example, a cross-sectional study by Zhang et al®' found that
low serum total T was significantly associated with MASLD
prevalence in men but not in women with type 2 diabetes mel-
litus. Similarly, another study reported that male type 2 diabetes
mellitus patients with NAFLD had significantly lower serum T
levels and higher E2 levels compared to those without
NAFLD*. However, to our knowledge, no studies have investi-
gated the correlation between the E2/T ratio and MASLD in
male patients with type 2 diabetes mellitus. Therefore, the aim
of this real-world study is to investigate the relationship
between the E2/T ratio and MASLD in Chinese men with type
2 diabetes mellitus.

MATERIALS AND METHODS

Study design and population

The data of this cross-sectional, real-world study were obtained
from our registry study (MVCDP study: A real-world study of
macrovascular complications in diabetic populations; clinical
trial registration number: ChiCTR1800015893). This study was
in accordance with the Declaration of Helsinki and was
approved by the ethics committee of Shanghai Sixth People’s
Hospital Affiliated to Shanghai Jiao Tong University School of
Medicine (Approval number: 2018-KY-018(K)). The male
patients with type 2 diabetes mellitus were consecutively
recruited from our department between January 2003 and
December 2012. The inclusion criteria for this study were as
follows™: diagnosis of type 2 diabetes mellitus according to the
WHO criteria; age >17 years old; availability of complete clini-
cal data; and documented abdominal ultrasound measurements.
In addition, the exclusion criteria were as follows: incomplete
clinical data; without data of serum E2 and T; without abdomi-
nal ultrasonography results; liver injury caused by drugs, viral
hepatitis, and other reasons except for drinking. Finally, 1,441
males with type 2 diabetes mellitus were included in this inves-
tigation. Based on the serum E2/T ratio, the subjects were
divided into quartiles in the present study.

All patients were asked about their diabetes duration (DD),
history of hypertension, smoking habits, alcohol consumption,
and medication use including lipid-lowering drugs (LLDs),
insulin or insulin analogues (IIAs), insulin sensitizers, and met-
formin. In addition, the definitions of hypertension, smoking,
drinking, and obesity have been fully described in our recent
studies®***. For the diagnosis of MASLD, we applied the cri-
teria proposed by the multisociety Delphi consensus in 2023%.
Briefly, hepatic steatosis was identified by ultrasonography in
the presence of at least one cardiometabolic risk factor includ-
ing: (a) BMI >25 kg/m”> or WC >94 cm in men and >80 cm
in women, (b) HbAlc >5.7%, (c) SBP >130 mmHg or DBP
>85 mmHg, (d) plasma TG >150 mg/dL, or (e) plasma HDL-c
<40 mg/dL in men and <50 mg/dL in women. Given that our
study population consisted of diabetic patients, all individuals
with hepatic steatosis detected by abdominal ultrasound were
classified as MASLD. Written informed consent was obtained
from all subjects.
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Medical examinations and laboratory tests

Each patient received a comprehensive physical examination
and laboratory tests. Physical examinations included height,
weight, hip circumference, waist circumference (WC), and
blood pressure. Body mass index (BMI) and waist-to-hip ratio
(WHR) were calculated in accordance with our previous
studies””*.

Venous blood samples were collected after an overnight fast
and 2 h after breakfast to determine the levels of fasting
C-peptide (FCP), 2-h postprandial C-peptide (2h PCP), fasting
plasma glucose (FPG), 2-h postprandial plasma glucose (2h
PPQG), glycosylated hemoglobin A1C (HbA1C), fasting insulin
(Fins), 2-h insulin (2h ins), total triglycerides (TG), alanine
aminotransferase (ALT), r-glutamyltransferase (r-GT), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), serum uric acid (SUA), creatinine (Cr),
and C-reactive protein (CRP). The calculation of estimated
glomerular filtration rate (eGFR) and 24-h urinary albumin
excretion (UAE) was well described in our previous studies”?.
Furthermore, serum E2 and T levels were detected using a
chemiluminescence assay (Immulite 2000; Siemens, Erlangen,
Germany)™, and the E2/T ratio was also calculated. Consistent
with our recent study, the type 2 diabetes mellitus patients with
CRP >10 mg/L were excluded to eliminate the effect of acute
inflammation®’.

Abdominal ultrasonography

Each subject underwent abdominal ultrasonography to diagnose
hepatic steatosis, following the methodology described in our
previous reports>**>, Briefly, experienced ultrasonographers,
blinded to the participants’ laboratory data, conducted hepatic
ultrasound scans using a 3.5-MHz probe (SSc-370, manufac-
tured by Aloka Co, Tokyo, Japan). Participants were positioned
supine with their right arm overhead. Ultrasound images were
obtained by placing the ultrasound probe in the intercostal
space.

Statistical analyses
The data were statistically analyzed by SPSS version 15.0 soft-
ware. Data with normal distribution were represented as
mean * standard deviations, whereas data with non-normal
distribution were represented as median with interquartile range
(25-75%). The differences among groups were determined by
one-way analysis of variance with the least significant difference
or the Kruskal-Wallis H test. The categorical variables were
described as absolute numbers and percentages. Chi-square
tests were applied to analyze categorical variables. Binary logis-
tic regression analyses were used to assess the differences
among the groups after controlling for confounding factors.
Finally, receiver operating characteristics (ROC) analysis was
performed to assess the ability of the E2/T ratio, E2, and T to
predict MASLD.

In addition, six logistic regression models were constructed
to evaluate the association of E2, T, and the E2/T ratio and
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quartiles with the presence of MASLD: Model 1 was unad-
justed; Model 2 was adjusted for age and DD; Model 3 was
further adjusted for smoking status, alcohol intake, obesity, and
hypertension; Model 4 included additional adjustments for the
use of LLDs, IIAs, metformin, and insulin sensitizers; Model 5
incorporated further adjustments for SBP, DBP, WC, WHR,
and BMI Model 6 included additional adjustments for TC,
HDL-C, LDL-C, TG, eGFR, SUA, UAE, FPG, 2h PPG, CRP,
HbAI1C, FCP, 2-h CP, Fins, and 2h ins. The difference was sta-
tistically significant at P < 0.05.

RESULTS

Clinical characteristics of study subjects

Table 1 summarizes the clinical characteristics of the subjects.
The current study included 1,441 male patients with type 2 dia-
betes mellitus, categorized into quartiles based on the E2/T
ratio with cutoffs of <3.66, 3.66-6.84, 6.85-10.55, and >10.55.
After adjusting for age, the prevalence of obesity, metformin
use, WC, WHR, BMI, and serum E2 levels was significantly
increased across the quartiles, while the levels of HDL-C and
LDL-C were obviously decreased (all P < 0.05). In addition,
there was a significant difference in DD, the use of LLDs and
insulin sensitizers, and serum T levels among the four groups,
even after adjusting for age (all P < 0.05). In contrast, there
was no significant difference in hypertension, smoking, drink-
ing, use of IIAs, SBP, DBP, TC, FPG, 2h PPG, HbA1C, ECP,
2h PCP, Fins, 2h ins, ALT, TG, r-GT, Cr, SUA, UAE, and
eGFR among the four groups after adjusting for age.

Comparisons of MASLD prevalence in different groups

Figure 1 compares the prevalence of MASLD across serum E2/
T ratio quartiles and stratified by age and DD classification.
There was a significantly increased trend in the MASLD preva-
lence across the E2/T ratio quartiles after adjusting for age and
DD (37.7%, 42.6%, 53.1%, and 69.3% for each quartile,
P < 0.001 for trend) (Figure la). The prevalence of MASLD
was significantly higher in the patients aged <65 years com-
pared to those aged >65 years (56.4% vs 34.1%, P < 0.001)
(Figure 1b). Additionally, the prevalence of MASLD was also
obviously higher in the patients with DD <120 months than in
those with DD >120 months (59.0% vs 36.7%, P < 0.001)
(Figure 1d). Moreover, the prevalence of MASLD showed a sig-
nificant decreasing trend with advancing age and prolonged
DD (both P < 0.001 for trend) (Figure lc.e).

Comparisons of serum E2/T ratio in different groups

Figure 2 compares the serum E2/T ratio in different groups.
The E2/T ratio in the subjects with MASLD was significantly
higher than in those without MASLD after controlling for age
and DD (P < 0.001) (Figure 2a). The E2/T ratio was markedly
higher in the patients aged <39 years compared with the other
four groups, though no significant differences were observed
among the latter (P = 0.001 for trend) (Figure 2d). However,
the E2/T ratio showed no significant difference between the
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Table 1 | Characteristics of the subjects according to E2/T ratio
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Variables Q1 (h = 361) Q2 (n = 359) Q3 (n = 360) Q4 (n = 361) Pvalue P value*
E2/T <366 366684 6.85-1055 >10.56 - -

Age (years) 56+ 12 57 £12 56 £ 13 55+ 15 0213 —

DD (months);r 60 (8.5-120) 96 (24-144) 78 (24-144) 72 (12-132) 0.006 0.003
Hypertension (n, %) 178 (49.3%) 175 (48.7%) 177 (49.2%) 181 (50.1%) 0986 0.785
Smoking (n, %) 196 (54.3%) 201 (56.0%) 0 (58.3%) 94 (53.7%) 0.600 0.596
Drinking (n, %) 116 (32.1%) 2 (34.0%) 1 (28.1%) 3 (31.3%) 0.380 0.354
Obesity (n, %) 125 (34.6%) 161 (44.8%) 195 (54.2%) 232 (64.3%) <0001 <0001
LLDs (n, %) 118 (32.7%) 9 (47.1%) 69 (46.9%) 88 (52.1%) <0.001 <0.001
lIAS (n, %) 253 (70.1%) 243 (67.7%) 235 (65.3%) 247 (684%) 0577 0.569
Metformin (n, %) 199 (55.1%) 229 (63.8%) 232 (64.4%) 38 (65.9%) 0012 0014
Insulin sensitizers (n, %) 18 (5.0%) 60 (16.7%) 35 (9.7%) 38 (10.5%) <0.001 <0.001
SBP (mmHg) 130 +£ 18 131+ 17 132+ 16 131+ 16 0333 0.196
DBP (mmHg) 80 £ 10 80 £ 10 82+ 10 81 £ 10 0.175 0236
WC (cm) 883+ 99 903 + 102 925+ 91 960 £ 104 <0.001 <0.001
WHR 092 £ 006 093 = 0.06 094 = 005 095 £ 0.06 <0.001 <0.001
BMI (kg/mz) 2410 £ 3.19 2467 £ 333 2537 £ 273 2641 £ 339 <0.001 <0.001
TC (mmol/L) 467 £ 102 465+ 1.19 466 £ 1.04 462 £ 130 0953 0874
FPG (mmoI/L)T 793 (633-10.09) 759 (6.15-9.88) 7.76 (642-962) 7.86 (640-1049) 0259 067
2h PPG (mmol/L)T 1393 (10.64-16.84) 1268 (10.28-1591) 1302 (1048-16.11) 13.09 (10.17-16.37) 0.076 0481
HbA1C (%) 9.17 £ 230 897 + 240 893 + 215 9.18 + 2.30 0339 0.365
FCP (ng/mL)T 1.74 (1.12-2.70) 1.75 (1.08-246) 184 (1.19-2.59) 206 (140-291) <0.001 0643
2h C-P (ng/mL) 403 (2.15-6.74) 367 (225-633) 4.25 (2.53-6.05) 430 (264-7.15) 0038 0858
Fins (uU/mL)Jr 932 (592-16.58) 921 (560-1569) 1086 (7.04-16.84) 11.80 (7.77-19.25) <0.001 0212
2h ins (uU/mL)T 4100 (25.29-59.83) 4389 (27.31-69.53) 4464 (3025-71.17) 4926 (32.16-75.25) 0.001 0.321
ALT (U/L)T 21 (15-30.5) 19 (14-29) 21 (16-31) 24 (16-35) 0.002 0.239
TG (mmoI/L)Jr 140 (092-2.10) 1.20 (0.88-191) 146 (099-2.19) 164 (1.07-262) <0.001 0647
r-GT (U/L)T 26 (19-44) 25 (17.25-38.75) 27 (19-41) 28 (20-46) 0.004 0469
HDL-C (mmol/L) 108 £ 028 108 £ 0.26 102 £ 024 094 £023 <0.001 <0.001
LDL-C (mmol/L) 294 + 086 293 + 087 287 £ 090 268 + 082 <0.001 <0.001
Cr (pmol/L)Jr 73 (65-83) 71 (64-82) 73 (65-84) 73 (63-84) 0202 0.13
SUA (umol/L)T 318 (273-381) 317 (267-379) 330 (276-391) 347 (295-407) <0.001 038
UAE (mg/24 h)T 11.16 (6.89-25.97) 1088 (6.59-28.00) 11.83 (6.91-30.54) 1324 (7.08-4501) 0.102 0953
eGFR (mL/min/1.73 mz)T 107 (92-125) 111 (95-129) 107 (90-126) 111 (91-132) 031 0.131
T (uo/L)’ 28630 (11.08-415.11)  7.05 (458-17.06) 1273 (7.55-16.00) 923 (685-11.74) <0001 0003
E2 (ng/L)T 2900 (17.00-4344) 3700 (24.00-93.29) 107.89 (63.72-13758) 13365 (106.27-166.50) <0.001 <0.001

Values are presented as mean x SD, or medians with interquartile range or percentages. P value: the P-values were not adjusted for age for the
trend. *P value: the P-values were adjusted for age for the trend. "Non-normal distribution of continuous variables.

patients aged <65 and >65 years, and between those with DD
<120 and >120 months (both P > 0.05) (Figure 2b,). Addi-
tionally, no significant difference was observed in the E2/T ratio
among the different DD groups after adjusting for age
(P > 0.05) (Figure 2e).

Comparisons of serum ALT and r-GT levels

Figure 3 illustrates the comparisons of serum ALT and r-GT
levels between the patients with and without MASLD, as well
as across serum E2/T ratio quartile groups. After adjusting for
age and DD, type 2 diabetes mellitus male patients with
MASLD exhibited higher serum ALT and r-GT levels than
those without MASLD (both P < 0.001) (Figure 3a).

However, serum ALT and r-GT levels were not significantly
different among the E2/T ratio quartiles (both P > 0.05 for
trend) (Figure 3b,d).

Comparisons of HOMA-IR, HOMA2-IR, and CRP

Figure 4 shows the comparisons of HOMA-IR, HOMA2-IR,
and CRP in different groups. After correcting for age and DD,
HOMA-IR, HOMA2-IR, and CRP values were significantly
higher in the patients with MASLD than in those without
MASLD (all P <0.001) (Figure 4a.e). Furthermore, serum
CRP levels in the first quartile were not the lowest among the
serum E2/T ratio quartile groups, but an overall upward trend
in CRP levels was observed (P = 0.016 for trend) (Figure 4f).
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Figure 1 | Comparisons of MASLD prevalence in different groups. (a) Comparisons of MASLD prevalence across the serum E2/T ratio quartiles after
controlling for age and diabetes duration (DD) (37.7%, 42.6%, 53.1%, and 69.3% in the first, second, third, and fourth quartiles, respectively,

P < 0001 for trend). (b) Comparison of MASLD prevalence between the subjects aged <65 and >65 years (564% vs. 34.1%, P < 0.001). ()
Comparison of MASLD prevalence stratified by age after adjusting for DD (P < 0.001 for trend). (d) Comparison of MASLD prevalence between the
subjects with DD <120 and >120 months (59.0% vs 36.7%, P < 0.001). () Comparisons of MASLD prevalence stratified by DD after adjusting for

age (P < 0001 for trend).

However, there was no significant difference in the HOMA-IR
and HOMA2-IR values across the E2/T ratio quartiles (both
P > 0.05 for trend) (Figure 4b,d).

Association of E2/T ratio with MASLD

Table 2 displays the association of E2/T ratio with MASLD in
male patients with type 2 diabetes mellitus. In Model 1, without
adjusting for confounding factors, a higher E2/T ratio was

associated with an increased risk of MASLD (OR: 1.871, 95%
CIL: 1.573-2.226, P < 0.001). After adjustment for age and DD
in Model 2, the E2/T ratio remained independently and posi-
tively correlated with the presence of MASLD (OR: 2.023, 95%
CL: 1.686-2.429, P < 0.001). Further controlling for smoking
status, alcohol intake, obesity, and hypertension (Model 3, OR:
1.721, 95% CI: 1.407-2.105, P < 0.001); the use of LLDs, IIAs,
metformin, and insulin sensitizers (Model 4, OR: 1.628, 95%
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Figure 2 | Comparisons of serum E2/T ratio in different groups. (@) Comparison of serum E2/T ratio between the subjects with and without
MASLD (P < 0.001). (b) Comparison of serum E2/T ratio between the subjects aged <65 years and >65 years (P = 0.514). (c) Comparison of serum
E2/T ratio between the subjects with DD <120 months and >120 months (P = 0.538). (d) Comparisons of the E2/T ratio stratified by age after
adjusting for DD (P = 0001 for trend). (e) Comparisons of the E2/T ratio stratified by DD after adjusting for age (P = 0.805 for trend).

CL: 1.327-1.997, P < 0.001); SBP, DBP, WC, WHR, and BMI
(Model 5, OR: 2.406, 95% CI: 1.607-3.604, P < 0.001); and TC,
HDL-C, LDL-C, TG, eGFR, SUA, UAE, FPG, 2h PPG, CRP,
HbAIC, FCP, 2-h CP, Fins, and 2h ins (Model 6), a signifi-
cantly positive association between E2/T ratio and the presence
of MASLD still existed (Model 6, OR: 2201, 95% CI
1.380-3.511, P = 0.001).

Association of E2/T ratio quartiles with MASLD

Table 3 presents the binary logistic regression analysis for the
association between E2/T ratio quartiles and MASLD in male
patients with type 2 diabetes mellitus. In the unadjusted analy-
sis, individuals in higher E2/T ratio quartiles had a significantly
increased risk of MASLD (Q1, 1.00 (reference); Q2, OR: 1.229,
95% CI: 0.912-1.656; Q3, OR: 1.870, 95% CI: 1.389-2.516; Q4,
OR: 3.726, 95% CI: 2.727-5.074, P < 0.001 for trend) (Model
1). This positive association persisted after further adjustments
for potential confounders, including age and DD (Q1, 1.00 (ref-
erence); Q2, OR: 1.391, 95% CI: 1.018-1.901; Q3, OR: 2.072,
95% CI: 1.516-2.820; Q4, OR: 4211, 95% CI: 3.041-5.832,
P < 0.001 for trend) (Model 2); smoking status, alcohol intake,
obesity, and hypertension (Q1, 1.00 (reference); Q2, OR: 1.164,

95% CI: 0.822-1.648; Q3, OR: 1.728, 95% CI: 1.222-2.445; Q4,
OR: 3.275, 95% CI: 2.269-4.726, P < 0.001 for trend) (Model
3); use of LLDs, IIAs, metformin, and insulin sensitizers (QI,
1.00 (reference); Q2, OR: 1.081, 95% CI: 0.759-1.540; Q3, OR:
1.634, 95% CI. 1.150-2.323; Q4, OR: 3.023, 95% CIL
2.082—-4.388, P < 0.001 for trend) (Model 4); SBP, DBP, WC,
WHR, and BMI (Ql, 1.00 (reference); Q2, OR: 1.359, 95% CI:
0.807-2.289; Q3, OR: 1.858, 95% CI: 1.109-3.115; Q4, OR:
3.033, 95% CI: 1.776-5.180, P < 0.001 for trend) (Model 5); as
well as TC, HDL-C, LDL-C, TG, eGFR, SUA, UAE, FPG, 2h
PPG, CRP, HbA1C, FCP, 2-h CP, Fins, and 2h ins (Q1, 1.00
(reference); Q2, OR: 1.770, 95% CI: 0.952-3.292; Q3, OR:
2.036, 95% CI: 1.107-3.745; Q4, OR: 3456, 95% CIL
1.838-6.499, P < 0.001 for trend) (Model 6). Across all adjusted
models (Models 2-6), the association between E2/T ratio quar-
tiles and the presence of MASLD remained significantly posi-
tive (P < 0.001).

Associations of serum E2 and T levels with MASLD

Table 4 demonstrates the associations of serum E2 and T levels
with MASLD in the subjects. In the unadjusted model (Model
1), higher serum E2 levels were significantly associated with the
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f serum ALT levels between the subjects with and without MASLD after

controlling for age and DD (P < 0.001). (b) Comparisons of serum ALT levels across the serum E2/T ratio quartiles after controlling for age and DD

(P = 0.234 for trend). () Comparison of r-GT between the subjects with

and without MASLD after controlling for age and DD (P < 0.001). (d)

Comparison of r-GT across the serum E2/T ratio quartiles after controlling for age and DD (P = 0414 for trend).

presence of MASLD (OR: 1236, 95% CI: 1.112-1.373,
P < 0.001). This association persisted after adjusting for age
and DD (OR: 1.243, 95% CI: 1.114-1.388, P < 0.001) (Model
2), and remained robust after further adjustments for additional
confounders in Model 3, 4, 5, and 6 (OR: 1.198, 95% CI:
1.057-1.358, P = 0.005; OR: 1.191, 95% CI 1.049-1.352,
P = 0.007; OR: 1.134, 95% CI: 0.979-1.314, P = 0.093; and OR:
1.212, 95% CI: 1.027-1.430, P = 0.023, respectively).

In Model 1, without adjusting for confounding factors, serum
T levels were negatively correlated with MASLD (OR: 0.768,
95% CI: 0.691-0.854, P < 0.001). This inverse association
remained significant after further adjustments for potential con-
founders, including age and DD (Model 2, OR: 0.734, 95% CI:
0.657-0.821, P < 0.001); smoking status, alcohol intake, obesity,
and hypertension (Model 3, OR: 0.823, 95% CI: 0.727-0.932,
P =0.002); and the use of LLDs, IIAs, metformin, and insulin
sensitizers (Model 4, OR: 0.851, 95% CI: 0.750-0.965,
P =0.012).

However, this association was no longer significant after
additional adjustment for SBP, DBP, WC, WHR, and BMI
(Model 5, OR: 0.898, 95% CI: 0.746-1.082, P = 0.259), as well
as for metabolic and biochemical parameters including TC,

HDL-C, LDL-C, TG, eGFR, SUA, UAE, FPG, 2h PPG, CRP,
HbAI1C, ECP, 2h CP, fasting insulin, and 2h insulin (Model 6,
OR: 1.094, 95% CI: 0.869-1.378, P = 0.023).

The predictive performance of, E2, T, and the E2/T ratio for
MASLD

Figure S1 presents the ROC curves using MASLD occurrence
in type 2 diabetes mellitus patients as the state variable. The
area under the curve (AUC) values of E2, T, and the E2/T ratio
were 0.561, 0423, and 0.636, respectively, indicating that the
E2/T ratio exhibited better predictive performance for MASLD
risk compared with E2 or T alone (Figure S1).

DISCUSSION

This large real-world study observed that the E2/T ratio was
independently and positively correlated with the presence of
MASLD in male patients with type 2 diabetes mellitus, even
after adjusting for multiple confounding factors. Moreover, the
close association between the E2/T ratio and MASLD may be
attributed to chronic low-grade inflammation and obesity medi-
ated by the E2/T ratio, which was indicated by the increase in
CRP levels and WC across the E2/T ratio quartiles.
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Figure 4 | Comparisons of HOMA-IR, HOMA2-IR, and CRP. (a) Comparison of HOMA-IR between the subjects with and without MASLD after
controlling for age and DD (P < 0.001). (b) Comparisons of HOMA-IR across the serum E2/T ratio quartiles after controlling for age and DD

(P = 0275 for trend). () Comparison of HOMAZ2-IR between the subjects with and without MASLD after controlling for age and DD (P < 0.001). (d)
Comparisons of HOMA2-IR across the serum E2/T ratio quartiles after controlling for age and DD (P = 0.592 for trend). (e) Comparison of CRP levels
between the subjects with and without MASLD after controlling for age and DD (P < 0.001). (f) Comparisons of CRP levels across the serum E2/T
ratio quartiles after controlling for age and DD (P = 0.016 for trend).

Furthermore, ROC analyses demonstrated that the E2/T ratio Interestingly, consistent with previous studies™*, we

was a more effective predictor of MASLD in male patients with ~ observed a negative correlation between MASLD prevalence
type 2 diabetes mellitus than either E2 or T alone. In contrast, and age in male type 2 diabetes mellitus patients. The higher
no association between the E2/T ratio and MASLD was prevalence of MASLD in younger patients may be explained by
observed in female patients with type 2 diabetes mellitus, several interrelated factors. Middle-aged individuals are more
although these results are not presented here. prone to obesity, sedentary lifestyles, and socioeconomic
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stressors, all of which increase MASLD risk, whereas retired
elderly people often have more time to exercise and pay more
attention to diet and health management™. In addition, older
patients have higher overall mortality, partly attributable to fatty
liver disease™.

Table 2 | Associations of E2/T ratio with MASLD

ORIGINAL ARTICLE
E2/T Ratio and MASLD in Men with T2DM

Our study also demonstrated an inverse association between
MASLD prevalence and DD, in line with the findings of Popo-
vic et al”® They reported that fasting insulinemia and insulin
resistance assessed by the HOMA-IR index, both recognized
risk factors for MASLD, were strongly negatively correlated
with DD, Furthermore, prolonged use of glucose-lowering
medications in patients with longer DD, some of which may
confer protective effects against MASLD, could also contribute
to the reduced prevalence’’.

Androgens can be aromatized into estrogens, and their bal-

f statistic OR »nd P value ance is crucial for maintaining normal physiological functions.
Model 1 0627 1871 1573-2.226 <0001  Therefore, an imbalance between estrogen and androgen may
Model 2 0.705 2023 1.686-2429 <0001 contribute to the development of various diseases such as obe-
Model 3 0543 1721 1407-2105 <0001 sity and cardiovascular diseases, highlighting the potential utility
Model 4 0488 1628 13271997 <0001 of the E2/T ratio as an indicator of sex hormone interactions.
Model 5 0878 2406 1607-3604 <0001 geveral studies have investigated the correlation between the
Model 6 0789 2201 1380311 0001 E2/T ratio and dlinical diseases including MASLD'®***. For
Model 1: Unadjusted. Model 2: Age and DD. Model 3: Model example, Chen et al.'® found that males with hepatic steatosis

2 + smoking status, alcohol intake, obesity, and hypertension. Model 4:
Model 3 + use of LLDs, llAs, metformin, and insulin sensitizers. Model 5:
Model 4 + SBP, DBP, WC, WHR, and BMI. Model 6: Model5 + TC, HDL-
C, LDL-C, TG, eGFR, SUA, UAE, FPG, 2h PPG, CRP, HbA1C, FCP, 2-h CP,
Fins, and 2h ins.

Table 3 | Association of E2/T ratio quartiles with MASLD

had a mean E2/T ratio of 17.75, which was significantly higher
than the ratio of 1249 in those without hepatic steatosis.
Another study also observed that patients with liver cirrhosis
had a significantly higher E2/T ratio than healthy controls™.
However, a prospective study that included 79 boys found no

ORs (95% Cl)

P values for trend

Q1 Q2 Q3 Q4
Model 1 1 1229 (0912-1.656) 1.870 (1.389-2.516) 3726 (2.727-5074) <0.001
Model 2 1 1391 (1.018-1.901) 2072 (1.516-2.830) 4211 (3.041-5.832) <0.001
Model 3 1 64 (0.822-1.648) 1.728 (1.222-2.445) 3275 (2.269-4.726) <0.001
Model 4 1 1.081 (0.759-1 .540) 1634 (1.150-2323) 3023 (2082-4.388) <0.001
Model 5 1 1.359 (0.807—2.289) 1.858 (1.109-3.115) 3.033 (1.776-5.180) <0.001
Model 6 1 1.770 (0.952-3.292) 2036 (1.107-3.745) 3456 (1.838-6499) 0.001
Model 1: Unadjusted. Model 2: Age and DD. Model 3: Model 2 + smoking status, alcohol intake, obesity, and hypertension. Model 4: Model

3 + use of LLDs, llAs, metformin, and insulin sensitizers. Model 5: Model 4 + SBP, DBP, WC, WHR, and BMI. Model 6: Model5 + TC, HDL-C, LDL-C,
TG, eGFR, SUA, UAE, FPG, 2h PPG, CRP, HbA1C, FCP, 2-h CP, Fins and 2h ins.

Table 4 | Associations of serum testosterone and estradiol levels with MASLD

T levels E2 levels

B statistic OR 95% Cl P value B statistic OR 95% Cl P value
Model 1 —0.264 0.768 0.691-0854 <0.001 0212 1.236 1.112-1373 <0.001
Model 2 -0.309 0.734 0.657-0.821 <0.001 0218 1.243 1.114-1.388 <0.001
Model 3 —0.194 0823 0.727-0932 0002 0.181 1.198 1.057-1.358 0005
Model 4 -0.162 0.851 0.750-0.965 0012 0.175 1.191 1.049-1.352 0.007
Model 5 -0.107 0.898 0.746-1.082 0.259 0.126 1134 0979-1314 0.093
Model 6 0.090 1.094 0869-1.378 0445 0.192 1212 1.027-1430 0023
Model 1: Unadjusted. Model 2: Age and DD. Model 3: Model 2 + smoking status, alcohol intake, obesity, and hypertension. Model 4: Model

3 + use of LLDs, lIAs, metformin, and insulin sensitizers. Model 5: Model 4 + SBP, DBP, WC, WHR, and BMI. Model 6: Model5 + TC, HDL-C, LDL-C,
TG, eGFR, SUA, UAE, FPG, 2h PPG, CRP, HbA1C, FCP, 2-h CP, Fins and 2h ins.
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significant association between the E2/T ratio and the presence
of MASLD™. These discrepancies may be attributed to differ-
ences in study populations such as race and age, methods for
measuring serum E2 and T levels, and diagnostic criteria for
MASLD.

However, studies focusing on type 2 diabetes mellitus male
subjects are scarce, and the association between the E2/T ratio
and MASLD prevalence in this population remains unclear and
needs to be further clarified. Only a few studies have investi-
gated the relationship between either E2 or T alone and
MASLD in male type 2 diabetes mellitus subjects’*’. For
instance, a cross-sectional study of 1,005 male type 2 diabetes
mellitus subjects demonstrated that higher serum T levels were
significantly associated with a lower prevalence of NAFLD™.
Contrarily, Shin et al.*® found no significant difference in serum
E2 and T levels among three subgroups based on the severity
of fatty liver disease in men with type 2 diabetes mellitus. To
address this gap, we therefore conducted the present study to
investigate the association of the E2/T ratio and MASLD in
type 2 diabetes mellitus male patients. Our study showed that a
higher E2/T ratio was strongly associated with an increased risk
of MASLD in type 2 diabetes mellitus male patients, even after
adjusting for multiple confounding factors. Specifically, the
MASLD prevalence rose progressively from the first to the
fourth E2/T ratio quartile. Moreover, the risk of MASLD
increased more than threefold when the E2/T ratio exceeded
10.55. Furthermore, ROC analysis using MASLD presence in
male type 2 diabetes mellitus patients as the test variable con-
firmed that the E2/T ratio was a superior predictor of MASLD
compared with E2 or T alone.

Interestingly, while serum ALT and r-GT levels were signifi-
cantly higher in the subjects with MASLD than in those with-
out, no significant differences were observed across the E2/T
ratio quartiles in the present study. Contrary to our findings, a
population-based study found significant differences in serum
ALT levels among E2/T ratio quartiles in 4109 Chinese males
older than 18 years of age’. Some factors, such as undiagnosed
liver diseases and medications affecting liver function®', may
potentially influence liver enzyme levels, which may contribute
to the discrepancies observed in the relationship between liver
enzymes and the E2/T ratio across different studies. Our find-
ings indicate that the E2/T ratio may be closely associated with
the occurrence of MASLD, but not with the severity of the dis-
ease. Nevertheless, further longitudinal studies are needed to
further determine the true association between the E2/T ratio
and MASLD severity.

The close association between the E2/T ratio and MASLD
may be attributed to chronic low-grade inflammation. CRP is a
well-established marker of chronic low-grade inflammation,
reflecting systemic inflammatory activity*’. Both E2 and T have
been implicated in modulating inflammatory and anti-
inflammatory responses through various pathways*>**, A recent
study demonstrated a significant inverse correlation between
serum T levels and CRP levels in 280 male patients with type 2

http://wileyonlinelibrary.com/journal/jdi

diabetes mellitus*. Consistently, our study also showed a signif-
icant upward trend in serum CRP levels across the E2/T ratio
quartiles. Moreover, serum CRP levels were also significantly
higher in type 2 diabetes mellitus male patients with MASLD
compared with those without. Therefore, these findings suggest
that the positive correlation between the E2/T ratio and
MASLD in males with type 2 diabetes mellitus may be medi-
ated by chronic low-grade inflammation.

Notably, obesity may be another potential underlying factor
in the association between the E2/T ratio and MASLD. Numer-
ous studies have consistently demonstrated a positive correla-
tion between the E2/T ratio and obesity, a well-established risk
factor for MASLD***, For example, a previous study observed
that obese individuals had the highest E2/T ratio, while over-
weight subjects exhibited moderate levels, both significantly
higher than those in the control group*®. Consistent with these
findings, our study also found that obesity prevalence, WC,
WHR, and BMI values markedly increased across the E2/T
ratio quartiles. Thus, the type 2 diabetes mellitus male patients
with elevated E2/T ratio were more likely to develop MASLD,
which may be partially mediated by the strong association
between obesity and the E2/T ratio.

Interestingly, the strong association between the E2/T ratio
and the risk of MASLD was exclusively observed in male
patients with type 2 diabetes mellitus, but not in female sub-
jects. Regardless of menstrual phase, women generally have
lower T levels and higher E2 levels than men. Several studies
have reported that hepatic fat accumulation is related to low E2
levels*>™. For example, estrogen-deficient female rats exhibited
lipid metabolism disorders such as elevated serum TC levels
and increased hepatic lipid deposition compared with normal
rats®, suggesting a protective role of E2 against MASLD in
females. Furthermore, females generally exhibit significantly
lower T levels than males, which may also obscure the strong
association between the E2/T ratio and MASLD in female
patients with type 2 diabetes mellitus.

Our study has several limitations. Firstly, the cross-sectional
design limited our ability to establish a causal relationship
between the E2/T ratio and the development of MASLD in
males with type 2 diabetes mellitus. Therefore, further longitu-
dinal studies are needed to confirm the long-term effects of the
E2/T ratio on MASLD in this population. Secondly, all partici-
pants in this study were Chinese males with type 2 diabetes
mellitus, so the generalizability of our findings to other popula-
tions and races needs further validation. Thirdly, liver biopsy is
the gold standard for diagnosing MASLD, but the diagnosis in
the current study was based on abdominal ultrasonography.
Despite this, ultrasonography remains the recommended first-
line, non-invasive, and reliable tool for detecting liver steatosis
in both clinical and population-based studies’'. Fourthly, the
present study lacked quantitative measures of MASLD severity
such as fibrosis scores and steatosis grading assessed by liver
transient elastography. Finally, only total serum T and E2 were
measured in this study. Data on other hormone-related
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parameters such as free T and sex hormone-binding globulin,
which could provide further insight into the E2/T ratio, were
unavailable. Future studies should include these measurements
to provide a more comprehensive understanding.

CONCLUSION

In conclusion, the present study with a large sample provided
further clinical evidence that the E2/T ratio is independently
and positively correlated with the presence of MASLD in type
2 diabetes mellitus male subjects. This association might be
attributed to the close relationship between the E2/T ratio and
chronic inflammation, as well as obesity. The E2/T ratio might
be used as a practical indicator for assessing the risk of MASLD
in type 2 diabetes mellitus male patients, but further prospec-
tive studies are needed to obtain more convincing evidence.
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Figure S1 | The predictive performance of E2, T, and E2/T ratio for MASLD.
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