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Objective: This study aims to investigate the relationship between metabolic
dysfunction-associated fatty liver disease (MAFLD) and sex hormones and sex
hormone-binding globulin (SHBG) in boys with obesity.

Methods: Retrospective analysis of metabolic indicators and sex hormone levels
in boys with obesity who sought medical attention at the First People’'s Hospital
of Lianyungang City from January 2020 to December 2023. Based on abdominal
ultrasound results, they were categorized into a simple obesity group and MAFLD
group, and differences between the two groups were compared. Utilizing logistic
regression analysis to explore the risk factors for developing MAFLD, and through
the construction of Receiver Operating Characteristic (ROC) curves, conducting
a preliminary assessment of the diagnostic value for MAFLD.

Results: A total of 155 male children with obesity were included in the study,
mean age of 11.07 + 1.53 years. Children in the MAFLD group had higher levels of
height[(159.49 + 12.73)cm vs.(155.55 + 10.50)cm], weight[(82.32 + 18.75)kg
vs.(68.28 + 15.00)kg], BMI[(32.08 + 4.49)kg/m? vs.(27.85 + 4.21)kg/m?],fasting
insulin[33.42(24.07,43.93)ulU/ml vs.23.91(15.72,31.52)ulU/ml], HOMA-IR[7.27
(5.26,10.71) vs.4.87(3.27,6.86)].fastingC-peptide[1409.00(1175.00,1668.00)
pmol/L vs.1020.00(849.05,1303.00)pmol/L], WBCI[(7.85 + 1.80)x10°/L vs.(7.15 +
1.42)x10°/L], HbA1c[5.40(5.30,5.70)% vs.(5.30(5.20,5.60)%],ALT[48.00
(27.00,80.00)U/L vs.19.00(15.00,26.50)U/L], and AST[31.00(24.00,60.00)U/L
vs.21.00(18.50, 26.00)U/L] compared to the simple obesity group (P<0.05).
Children in the MAFLD group had lower levels of HDL[(1.05 + 0.21)mmol/L
vs.(1.16 + 0.26)mmol/L], testosterone [42.41(30.33,143.28)ng/dl vs.125.41
(23.41,221.57)ng/dl], and SHBG[13.20(9.10,17.30)nmol/l vs.19.60(13.50,29.85)
nmol/l] compared to the simple obesity group (P<0.05). Logistic regression
showed that BMI, testosterone, and SHBG were independent risk factors for
MAFLD in boys, and ROC curve analysis indicated their potential value in the early
diagnosis of MAFLD.
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Conclusion: BMI, testosterone, and SHBG are independent risk factors for the
occurrence of MAFLD in boys with obesity. To control the occurrence of MAFLD,
it is essential to address the root cause of the high growth rate of obesity. The
roles of testosterone and SHBG in MAFLD merit further research.

childhood, obesity, metabolic dysfunction-associated fatty liver disease (MAFLD), non-
alcoholic fatty liver disease (NAFLD), sex hormone-binding globulin (SHBG), testosterone

1 Introduction

As is well known, both obesity and non-alcoholic fatty liver
disease (NAFLD) are significant global public health issues (1, 2),
and NAFLD is closely associated with obesity. With increasingly
comprehensive research, it has been found that NAFLD is a
manifestation of systemic metabolic dysfunction. There are
differences in histology and diagnosis between adult and pediatric
NAFLD. Children are generally not affected by alcohol in their daily
lives, indicating a drawback in the previous nomenclature of
NAFLD. Consequently, experts in fatty liver and pediatric
specialists have proposed a new name and diagnostic criteria for
metabolic (dysfunction)-associated fatty liver disease (MAFLD)
(3, 4). NAFLD/MAFLD has become a major cause of chronic
liver disease worldwide, and in severe cases, it can lead to liver
fibrosis, cirrhosis, liver cell cancer, and a series of liver diseases. It is
also a risk factor for metabolic diseases such as cardiovascular
disease, extrahepatic cancer, and type 2 diabetes (5-7). The liver is
the center of many physiological processes and is also a target for
sex hormones such as testosterone and estrogen. These hormones
participate in liver metabolism and immune regulation through
various pathways, thereby influencing the occurrence of liver
diseases and related diseases (8, 9). The relationship between sex
hormones and SHBG with adult NAFLD/MAFLD has become a
research hotspot (10-12), but there is limited research in the
pediatric population. This article aims to explore the relationship
between sex hormones and SHBG in MAFLD in boys, attempting to
identify new intervention targets for MAFLD.

2 Materials and methods
2.1 Clinical subject

Children diagnosed with obesity based on body mass index
(BMI) measurements conducted by specialized endocrinologists in
the Pediatric Endocrinology Department of the First People’s
Hospital of Lianyungang City from January 2020 to December
2023 were selected as the subjects for this study. The BMI of all
participants met the diagnostic criteria for childhood obesity (13).
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Participants with the following conditions were excluded: 1. Partial
research data missing. 2. Long-term use of corticosteroids or other
medications affecting hormonal levels. 3. History of genetic or
endocrine disorders. A total of 155 male children with obesity
were included in the study, with an age range of 8-14 years and a
mean age of 11.07 + 1.53 years. Based on fasting ultrasound results,
participants were divided into the MAFLD group (86 cases) if their
ultrasound met the criteria for fatty live (14), otherwise, they were
included in the simple obesity group (69 cases).

2.2 Clinical data and
laboratory examination

Shenzhen Mindray 7500 fully automatic hematology analyzer
was used to determine blood routine and CRP, Beckman Coulter fully
automatic biochemical analyzer was used to measure blood sugar,
blood lipids, and liver and kidney function, while Beckman Coulter
chemiluminescence analyzer was used to measure hormones, thyroid
function, etc. VARIANT II TURBO hemoglobin Alc analyzer was
used to measure HbAlc. Ultrasound examinations were performed
using Philips EQ7, GE €20, or GE el0 ultrasound machines.
Information on examinations and test results of the patients was
extracted and analyzed through the medical record system, including
gender, age, height, weight, BMI, etc.

2.3 Statistical analysis

The data were analyzed using SPSS 27.0 statistical software. For
normally distributed continuous data, they were expressed as ( * s).
The independent samples t-test was used for comparisons between
two groups. For non-normally distributed continuous data, the
median and interquartile range were represented as M[P25, P75],
and the Mann-Whitney U test was employed for comparisons
between two groups. Binary Logistic regression models were used
to calculate the risk factors for childhood MAFLD, and Receiver
Operating Characteristic (ROC) curves were plotted to evaluate the
predictive value of different factors for MAFLD. A P value < 0.05 was
considered statistically significant.
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3 Results

The difference in age between the two groups of children was not
statistically significant (P > 0.05). Children in the MAFLD group had
higher values for height, weight, and BMI compared to the simple
obesity group, and the differences between the groups were statistically
significant (P < 0.05) (Table 1). Children in the MAFLD group had
higher levels of fasting insulin (FINS), HOMA-IR, fasting C-peptide,
leukocyte (WBC), HbAlc, alanine aminotransferase (ALT), and
aspartate aminotransferase (AST) compared to the simple obesity
group. However, levels of high-density lipoprotein cholesterol (HDL),
testosterone, and SHBG were lower in the MAFLD group than in the
simple obesity group. These differences were statistically significant

TABLE 1 Baseline demographics for the patients with MAFLD and controls.

MAFLD group

10.3389/fendo.2025.1446049

(P < 0.05). There were no statistically significant differences (P > 0.05)
between the two groups in terms of fasting blood sugar (FBG),
C-reactive protein (CRP), total cholesterol (TC), triglycerides (TG),
low-density lipoprotein cholesterol (LDL), Estradiol(E2), luteinizing
hormone(LH), follicle stimulating hormone (FSH),prolactin (PRL),
and progesterone (Table 2).

A univariate analysis was conducted with the presence or
absence of MAFLD as the dependent variable (using P < 0.05 as
the inclusion criterion). Then, multiple-factor logistic regression
analysis was performed, including BMI, fasting C-peptide, WBC,
HDL, ALT, AST, testosterone, and SHBG. The results revealed that
BMI, testosterone, and SHBG were independent risk factors for
MAFLD in male children (Table 3).

Simple obesity group

age (years) 11.24+1.45 10.86+1.61 1.530 0.128
height (cm) 159.49+12.73 155.55+10.50 2.063 ‘ 0.041
weight (kg) 82.32+18.75 68.28+15.00 5.057 ‘ <0.001
BMI (kg/m2) 32.08:4.49 ‘ 27.854.21 5.981 ‘ <0.001
BMI, body mass index.
TABLE 2 Clinical characteristics for the patients with MAFLD and controls.
Group MAFLD group Simple obesity group t/Z P
FINS (ulU/ml) 33.42 (24.07,43.93) 23.91 (15.72,31.52) -4.596 <0.001
FBG (mmol/L) 4.86 (4.65,5.06) 4.79 (4.55,5.06) -0.916 0.359
HOMA-IR 7.27 (5.26,10.71) 4.87 (3.27,6.86) -4.807 <0.001
Fasting C-peptide (pmol/L) 1409.00 (1175.00,1668.00) 1020.00 (849.05,1303.00) -5.359 <0.001
WBC (x10°/L) 7.85%1.80 7.15%1.42 2.633 0.009
CRP (mg/L) 2.94 (1.57,4.70) 2.10 (1.17,4.47) -1.534 0.125
TC (mmol/L) 4.17 (3.66,4.87) 4.36 (3.89,4.90) -0.861 0.389
TG (mmol/L) 1.35 (0.97,1.93) 1.24 (0.80,1.68) -1.102 0.271
HDL (mmol/L) 1.05+0.21 1.16+0.26 -2.625 0.010
LDL (mmol/L) 2.62+0.68 2.62+0.65 0.022 0.982
HbAlc (%) 5.40 (5.30,5.70) 5.30 (5.20,5.60) -1.971 0.049
ALT (U/L) 48.00 (27.00,80.00) 19.00 (15.00,26.50) -6.560 <0.001
AST (U/L) 31.00 (24.00,60.00) 21.00 (18.50,26.00) -5.601 <0.001
testosteron (ng/dl) 42.41 (30.33,143.28) 125.41 (23.41,221.57) -1.979 0.048
E2 (pg/ml) 15.00 (15.00,21.00) 15.00 (15.00,21.69) -0.403 0.687
LH (mIU/ml) 2.31 (0.38,3.79) 1.73 (0.29,3.60) -1.106 0.269
FSH (mIU/ml) 3.99+2.64 3.85+2.44 0.331 0.741
PRL (ng/ml) 14.19+7.26 13.61+6.94 0.504 0.615
progesterone (ng/ml) 0.45 (0.26,0.84) 0.53 (0.36,0.70) -0.767 0.443
SHBG (nmol/l) 13.20 (9.10,17.30) 19.60 (13.50,29.85) -4.513 <0.001

FINS, fasting insulin; FBG, fasting blood sugar; WBC, leukocyte; CRP, C-reactive protein; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein cholesterol; LDL, low-density
lipoprotein cholesterol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; E2, Estradiol; LH, luteinizing hormone; FSH, follicle stimulating hormone; PRL, prolactin; SHBG, sex
hormone-binding globulin.

Frontiers in Endocrinology 03 frontiersin.org


https://doi.org/10.3389/fendo.2025.1446049
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wang et al.

TABLE 3 Logistic analysis of factors of MAFLD in children with obesity.

10.3389/fendo.2025.1446049

B SE Waldy2 P (0]34 95%ClI
BMI (kg/m2) 0.148 0.054 7.551 0.006 1.159 (1.043,1.288)
Fasting C-peptide (pmol/L) 0.000 0.001 0.029 0.865 1.000 (0.999,1.002)
WBC (x10°/L) 0.158 0.139 1.280 0.258 1171 (0.891,1.538)
HDL (mmol/L) -1.809 1.084 2.783 0.095 0.164 (0.020,1.372)
ALT (U/L) 0.028 0.019 2.196 0.138 1.029 (0.991,1.068)
AST (U/L) -0.005 0.033 0.022 0.881 0.995 (0.933,1.061)
testosteron (ng/dl) -0.007 0.003 7.573 0.006 0.993 (0.988,0.998)
SHBG (nmol/l) -0.064 0.026 6.196 0.013 0.938 (0.892,0.987)

constant -2.690 2.534 1.126 0.289 0.068

BMI, body mass index; WBC, leukocyte; HDL, high-density lipoprotein cholesterol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; SHBG, sex hormone-binding globulin.

The ROC curves were plotted, and for BMI alone predicting
MAFLD, the area under the curve was 0.761, with a 95% CI of
0.685-0.838. The optimal cutoff value was 32.065, with a sensitivity
of 61.6% and specificity of 81.2%. For testosterone alone predicting
MAFLD, the area under the curve was 0.593, with a 95% CI of
0.498-0.687. The optimal cutoft value was 161.875, with a sensitivity
of 83.7% and specificity of 43.5%. For SHBG alone predicting
MAFLD, the area under the curve was 0.711, with a 95% CI of
0.629-0.794. The optimal cutoff value was 18.65, with a sensitivity of
82.6% and specificity of 55.1%. When the three factors were
combined to predict NAFLD, the area under the curve was 0.787,
with a 95% CI of 0.714-0.860, a sensitivity of 73.3%, and a specificity
of 76.8% (Figure 1).
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FIGURE 1
ROC curves.
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4 Discussion

Childhood and adolescent overweight/obesity are globally
prevalent. According to the World Obesity Federation’s 2023
projection, the prevalence of overweight/obesity is expected to
increase rapidly from 38% in 2020 to 51% in 2035 among the
global population aged >5 years (15). Obesity rates are anticipated
to rise from 14% in 2020 to 24% in 2035, with the number reaching
nearly 2 billion (15).Childhood and adolescent overweight/obesity
can pose risks to both short-term and long-term physical and mental
health. If these risks are not effectively managed, they may
progressively worsen and impact adult health, increasing the
incidence of metabolic-related complications such as type 2
diabetes, cardiovascular diseases, MAFLD, and others (16, 17).The
interrelationships among its complications are intricate, and in severe
cases, they can lead to a reduction in lifespan and an increase in
mortality rates. Further research is needed to delve into the specific
pathogenic mechanisms and intervention measures.

In this study, we chose to analyze MAFLD one of the
complications of obesity, and found that in the MAFLD group,
male children had higher weight and BMI compared to the group
with simple obesity, and these differences were statistically
significant (P < 0.05), indicating that the prevalence is influenced
by the severity of obesity. There exists a vicious cycle between the
degree of obesity and insulin resistance. Obesity puts the body in a
state of chronic inflammation, leading to insulin resistance, which
in turn promotes fat accumulation and obesity (18-21). Various
factors (including dietary habits, physical activity levels, sedentary
behaviors, screen time, family dynamics, socio-economic status,
and environmental factors) causing extensive fat accumulation
result in increased weight and BMI in male children in the
MAFLD group (22, 23). As obesity worsens, insulin resistance
becomes more pronounced, leading to higher levels of FINS,
fasting C-peptide, HOMA-IR, and WBC in the MAFLD group
compared to the simple obesity group (24). The accumulation of a
large amount of fat in the liver impairs its metabolic function,
causing elevated levels of ALT and AST.
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According to research reports, the prevalence of MAFLD
among children ranges from 7.6% to 9.6%, while the prevalence
among obese children is 34.2% (6).Research indicates that the
prevalence of NAFLD is higher in boys than in girls (9% in boys
compared to 6.3% in girls) and gradually increases with the rise in
BMI (35.3% in obese boys compared to 21.8% in obese girls)
(25).0n the one hand, this may be attributed to a higher obesity
rate in boys compared to girls. On the other hand, it is also
suggested that sex hormones play a certain role in the occurrence
and development of MAFLD. Some studies have confirmed that
estrogen has a certain protective effect on the occurrence of NAFLD
(26, 27).Testosterone, as a primary androgen, serves as a crucial
regulator for reproductive organs and other tissues and is associated
with cardiovascular diseases (28), diabetes (29), and metabolic
syndrome (30).SHBG is a homodimeric glycoprotein produced by
the liver. It exhibits strong binding affinity with testosterone and
can regulate the activity of testosterone and other steroid hormones,
assisting in their transportation into target tissues (31).In adults,
researches has found a correlation between SHBG and the
occurrence of NAFLD (11, 12, 32, 33) and polycystic ovary
syndrome (34, 35). This study found a correlation between SHBG
and MAFLD in male children, with its levels negatively correlated
with BMI. After controlling for confounding factors, BMI, SHBG,
and testosterone were identified as independent risk factors for
MAFLD in male children, suggesting a predictive value for early
diagnosis of MAFLD in children. Therefore, we hypothesize that
appropriately increasing SHBG and testosterone levels may be
beneficial for the control and intervention of MAFLD in male
children. Consistent with our hypothesis, a recent Mendelian
randomization analysis also indicated that high levels of SHBG
can reduce the risk of NAFLD, suggesting SHBG levels as a useful
biomarker (36). However, the specific mechanisms and intervention
strategies between SHBG, testosterone, and MAFLD need
further research.

This study also have some limitations. Firstly, it only included
male children with obesity as the study subjects, with a relatively
small sample size, which may not be representative of the entire
pediatric population. Secondly, liver biopsy, a gold standard for
diagnosing fat deposition, is not feasible in routine screening for
children. Other novel non-invasive detection methods such as
instantaneous elastography, magnetic resonance spectroscopy and
cytokeratin 18 (CK-18) have not been promoted in clinical
detection (37).Therefore, this study relied primarily on ultrasound
results for the diagnosis of hepatic steatosis. Lastly, as this study was
a retrospective analysis, some anthropometric data such as waist
circumference, waist-to-hip ratio, and waist-to-height ratio were
missing for some children during hospital admission examinations.

In conclusion, this study identified high BMI, low SHBG, and
low testosterone as risk factors for MAFLD in male children.
MAFLD during childhood can pose health risks in adulthood,
emphasizing the critical importance of implementing effective
screening, diagnosis, and intervention measures during childhood.
Currently, there are no approved drugs for the treatment of
pediatric MAFLD both domestically and internationally. The
preferred interventions involve modifying dietary habits, adopting
a healthier lifestyle, increasing physical activity, and implementing
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weight reduction measures to prevent obesity and subsequently
reduce the incidence of MAFLD. This study suggests that, in
addition to weight control, appropriately increasing testosterone
and SHBG levels may serve as potential early intervention measures
for MAFLD. Subsequent research will aim to expand the sample size
or conduct in vitro studies.
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