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Introduction
Nonalcoholic fatty liver disease (NAFLD) is one of the most com
mon chronic liver diseases in children [1], with a prevalence be
tween 65 % to 85 % in obese patients [2]. Furthermore, it is expect
ed to be the leading cause of liver transplantation in the next few 
decades. The mechanism by which obesity causes NAFLD is not 
fully understood, including increased hepatic de novo lipogenesis, 
genetic variability in pathways regulating hepatic lipid droplet for
mation and lipid secretion from the liver [3]. Fat accumulation in 
the liver promotes insulin resistance, which increases the sensiti
vity of the liver to subsequent damage. Other factors such as oxi

dative stress, lipid peroxidation, mitochondrial dysfunction, intes
tinal flora, adipose tissue dysfunction, and adipokines may also be 
involved [4].

Prolactin (PRL) is a polypeptide hormone secreted by the pitui
tary gland and is involved in reproduction, growth and develop
ment, metabolism, immune regulation, brain function, and behav
ior [5]. Recently, serum prolactin has been demonstrated to be as
sociated with obesity and type 2 diabetes mellitus (T2DM). Serum 
prolactin levels were significantly lower in obese children compared 
to healthyweight children, which suggests there is a negative cor
relation between prolactin levels and metabolic abnormalities such 
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AbsTr AcT

This study investigates whether serum prolactin (PRL) is a key 
factor for nonalcoholic fatty liver disease (NAFLD) in children. 
A total of 691 obese childred participated in this study and were 
divided into a NAFLD group (n = 366) and simple obesity (SOB) 
group (n = 325) according to the hepatic ultrasound results. 
The two groups were matched for gender, age, pubertal devel
opment, and body mass index (BMI). All patients underwent 
an OGTT test, and fasting blood samples were collected to 
measure prolactin. Stepwise logistic regression was performed 
to identify significant predictors of NAFLD. Serum prolactin 
levels were significantly lower in NAFLD subjects than in the 
SOB subjects [82.4 (56.36, 118.70) vs. 99.78 (63.89, 153.82), 
p < 0.001] (mIU/l). NAFLD was strongly associated with insulin 
resistance (HOMAIR) and prolactin, with lower levels of prol
actin increasing the risk of NAFLD (adjusted ORs = 1.741; 95 % 
CI: 1.059–2.860) across the prolactin concentration tertiles 
after adjustment for confounders. Low serum prolactin levels 
are associated with the presence of NAFLD; thus, increased 
circulating prolactin might be a compensatory response for 
obesity in children.
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as obesity [6]. In addition, animal experiments depicted that pro
lactin intervention can alleviate serum free fatty acid levels in mice 
[7], and the fat cell volume of rats fed a high-fat diet was signifi
cantly reduced after prolactin treatment [8], indicating that prol
actin has a protective effect on metabolism. Intervention in diabet
ic rats with high concentrations of prolactin exacerbates hepatic 
insulin resistance, while injection of low concentrations of prolac
tin enhanced insulin secretion under glucose stimulation in diabe
tic rats [9, 10]. However, patients with clinically pituitary prol
actinoma also have disorders of glycolipid metabolism [11], which 
may be related to the different effects of elevated prolactin levels 
on metabolism in physiological and pathological conditions.

Therefore, whether prolactin under physiological conditions 
regulates insulin secretion to avoid insulin resistance and protect 
the liver is worthy of further investigation. The relationship be
tween prolactin and NAFLD in obese youth with obesity has not yet 
been reported. In this present study, we sought to evaluate the as
sociation between serum prolactin and NAFLD in children with obe
sity. It will be very helpful to provide medical treatment at an ap
propriate time if serum prolactin could be as a simple effective and 
less-invasive biological marker, which reflect hepatic inflammatory 
change in obesity.

Subjects and Methods

Study population
The study design is illustrated in ▶Fig. 1. A total of 691 obese chil
dren admitted to our hospital from January 2017 to December 
2020 were enrolled in this study. Obesity was defined as BMI for 
age and sex ≥ 95th percentile. The subjects were divided into two 
groups, a NAFLD and simple obesity (SOB) group, and then two 
groups were matched for gender, age, pubertal development, and 
BMI. NAFLD was defined based on hepatic ultrasound, which was 
conducted to assess the presence and extent of hepatic steatosis 
according to the following guidelines: (a) a diffuse hyperechoic tex
ture (bright liver); (b) increased liver echo texture compared to the 
kidney; (c) deep beam attenuation; (d) vascular blurring (absence 
of normal echogenic walls of the portal veins and hepatic veins). 
Exclusion criteria were: drugs and genetic metabolic liver disease, 
history of severe heart, liver, and kidney disease, type 1 diabetes 
mellitus, malignancy, pituitary disease, hyperprolactinemia, viral 
hepatitis; previous drinking history, and other related endocrine 
and metabolic diseases [12].

Statement of ethics
This study was approved by the Ethics Committee of Shaoxing Ma
ternity and Child Health Care Hospital, China (No. 2018035). Writ
ten informed consent was obtained from the guardians of all 
recruited children, and the study was performed in accordance with 
the principles of the Declaration of Helsinki.

Measurements
General measurements: body weight, height, waist circumference, 
and hip circumference were measured to the nearest 0.1 cm, body 
weight nearest 0.1 kg. BMI: weight (kg)/height2 (m2), waist to hip 
ratio: waist circumference/hip circumference. The blood pressure 

was measured twice at rest using a standard mercury sphygmoma
nometer, and the average value was calculated.

Laboratory tests: Blood samples were collected after fasting 
overnight for at least 8 hours, processed, refrigerated, and trans
ported to the clinical laboratory for analysis within 8 hours. All clini
cal analyses were performed by the hospital laboratory, which is 
certified by the China National Accreditation Service for Conform
ity Assessment. The serum concentrations of glucose (hexose ki
nase method, TBA200FR, Japan), insulin (chemiluminescence, Sie
mens, UK); glycated hemoglobin (HbA1c, HPLC, Tosoh, HLC73G8, 
Japan), serum prolactin (PRL), (Chemiluminescence, Siemens, UK), 
alanine transaminase (ALT), aspartate transaminase (AST), triglyc
eride (TG), total cholesterol (TC), highdensity lipoprotein choles
terol (HDLC), and lowdensity lipoprotein cholesterol (LDLC) (au
tomatic immunoassay analyzer, Abbott Laboratories) were meas
ured. All children underwent a 2-hour OGTT (1.75 g/kg, maximum 
75 g of glucose). Blood samples were obtained at 0, 30, 60, 90 and 
120 minutes for the measurement of glucose, insulin. Insulin resist
ance (HOMAIR) was determined by the homeostasis model and 
calculated using the following equation: HOMAIR = [fasting insu
lin (μIU/ml)  ×  fasting glucose (mmol/l)]/22.5.

Statistical methods
All data were statistically analyzed using SPSS 20.0. Normally dis
tributed variables are presented as mean ± standard deviation (SD), 
while nonnormally distributed variables are presented as medians 
and interquartile range (25–75th percentiles). Normally distribut
ed variables were analyzed by independent sample ttests, while 
nonnormally distributed variables were analyzed by the nonpar
ametric Mann–Whitney Utest. Propensity analysis was conducted 
using logistic regression to generate a propensity score for NAFLD 
and SOB, and propensity scores matching analysis was performed 
using a 1:1 greedy method without replacement. The caliper used 
in this study was 0.01, and the variables entered into the propen
sity model were gender, age, and BMI. Stepwise logistic regression 
analysis was conducted to determine the significant predictors 
after controlling for all variables. A twosided pvalue < 0.05 was 
considered to be statistically significant.

Results

Comparison of general data of both groups
Among study children, 366 (53.0 %) met the criteria for NAFLD 
(mean age: 10.83 ± 2.46 years), while 325 (47.0 %) were classified 
as SOB (mean age: 10.87 ± 2.53 years) based on liver ultrasound 
findings. A total of 486 boys were enrolled, including 288 (59.3 %) 
with NAFLD, 198 (40.7 %) classified as SOB, and a total of 205 girls 
were enrolled, including 78 (38.0 %) with NAFLD, 127 (62.0 %) clas
sified as an SOB. There was a significant difference in prevalence 
between boys and girls (X2 = 22.04, p < 0.001), and 264 patients 
were matched for gender, age, pubertal development, and BMI. 
The baseline clinical characteristics and laboratory data of the study 
population are described in ▶Table 1, and as expected, there was 
a significant difference between the NAFLD and SOB groups in HO
MAIR and prolactin (p < 0.05).
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Logistic regression analysis for predictors of NAFLD
According to ▶Table 1, seven variables were identified as signifi
cant with a pvalue < 0.1 (these are: TG, TC, LDL, fasting insulin, HO
MAIR, prolactin, ISI). We used stepwise logistic regression (meth
od: forward IR) to eliminate unnecessary variables and generate a 
parsimonious model. Finally, only TG (OR: 1.366, 95 % CI: 1.043–
1.788, p < 0.05), prolactin (OR: 0.996, 95 % CI: 0.994–0.999, 
p < 0.005) and HOMAIR (OR: 1.239, 95 % CI: 1.148–1.338, 
p < 0.001) found to be independent markers for the prediction of 
NAFLD (▶Table 2).

Associations between serum prolactin and NAFLD
All subjects were divided into three gradients based on prolactin 
tertiles (1st Q: PRL ≥ 113.64 mIU/l; 2nd Q: PRL was 68.68–113.63 
mIU/l; and 3rd Q: PRL ≤ 68.67 mIU/l). Two models were obtained 
after controlling for gender, age, BMI, SBP, DBP, and waist circum
ference (Model 1), and Model 1 plus ALT, uric acid, creatinine, tri
glyceride, HDLcholesterol, HbA1c, HOMIR, WBC counts, HB 
(Model 2) using 1stQ (PRL ≥ 113.64 mIU/l). Low serum prolactin 
levels remained significantly independently associated with NAFLD 
in all models (▶Table 3).

The ROC analysis revealed the relationship between serum pro
lactin and NAFLD, and the AUC was 0.547 (95 % CI: 0.497–0.596; 
p = 0.064). Using the best cut-off value of prolactin, the occurrence 

of NAFLD was ≤ 87.84 mIU/l with a sensitivity of 54.2 % and speci
ficity of 56.8 %.

Discussion
Previous studies have revealed that the prevalence of NAFLD in 
obese patients is significantly higher, and in the present study of 
691 obese children, 53.0 % had NAFLD, with a significantly higher 
prevalence of NAFLD in boys than in girls (59.3 % vs. 38.0 %). The 
specific mechanism is still unclear, but gender, insulin resistance, 
and hyperuricemia are risk factors for NAFLD in obese children. 
Clini cal evidence indicates that children with NAFLD experience an 
increased incidence and mortality of cardiovascular disease in 
adulthood [13]; therefore, early identification of the clinical char
acteristics is particularly important for Chinese children with NAFLD 
in light of the current obesity epidemic.

In this study, serum prolactin levels were significantly lower in 
obese patients with NAFLD, and a decreased serum prolactin level 
was associated with a significantly increased risk of NAFLD. Yan et 
al. reported that serum prolactin was a protective factor for NAFLD 
[14], and several studies have demonstrated that prolactin is in
volved in regulating wholebody insulin sensitivity and glucose me
tabolism [15, 16]. Prolactin upregulats pancreatic β-cells may be 
associated with cell cycle gene expression and DNA synthesis, 
which is known to result in increased glucose uptake and glucose 
utilization [17]. Physiologically elevated prolactin levels also im
prove hepatic insulin sensitivity and further improve energy and 
glucose homeostasis by increasing indirect effects of dopamine 
synthesis in the hypothalamus [10, 18]. The lower prolactin pro
duction involved in insulin sensitivity results in insulin resistance, 
which plays a key role in NAFLD development. Recent studies re
vealed that human adipose tissue produces prolactin and express
es prolactin receptors [19, 20]. Moreover, prolactin directly regu
lates the function of adipose tissue by downregulating lipoprotein 
lipase and fatty acid synthase, which consequently suppresses lipo
genesis. The differences in precisely measured body fat distribu
tion may be observed in children, as well as in adults, with high and 
low circulating prolactin levels and because body fat distribution 
strongly impacts on insulin resistance and NAFLD [21]. Zhang et al. 
demonstrated that PRL/PRLR improved hepatic steatosis via sup
pression of CD36 [22].

The present study revealed that a low prolactin level was signifi-
cantly associated with HOMA-IR, which was confirmed by a recent 
study by Wang et al. that found that serum prolactin was associat
ed with higher levels of HOMA-β [23]. However, no significant lin
ear relationship was found, and any association between prolactin 
and HOMAIR was also reported. In contrast, insulin inhibits prol
actin expression and release from differentiated adipocytes, so the 
overall effect of insulin on prolactin is likely inhibitory [24]. Collec
tively, these results reveal that prolactin affects energy homeosta
sis through its action as an adipokine and is involved in the mani
festation of insulin resistance.

Nonetheless, the present study has several limitations. First, the 
diagnosis of NAFLD was based on a hepatic ultrasound, and liver 
biopsy is the gold standard method. Second, other factors such as 
race/ethnicity, lifestyle-related parameters, and dietary intake of 
nutrients need to be further addressed in future studies.

▶Fig. 1 Flow chart of the study design. *NAFLD was defined based 
on hepatic ultrasound, which was conducted to assess the presence 
and extent of hepatic steatosis according to the following guidelines: 
(a) a diffuse hyperechoic texture (bright liver); (b) increased liver 
echo texture compared to the kidney; (c) deep beam attenuation; 
and (d) vascular blurring (absence of normal echogenic walls of the 
portal veins and hepatic veins). SOB: Simple obesity.
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In conclusion, decreased serum prolactin may be a risk factor 
for NAFLD in obese children.
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▶Table 1 Comparison of general data and serum prolactin in the NAFLD and SOB groups.

Parameters before matching After matching

sOb NAFLD p- Value sOb NAFLD p- Value

Gender (male/female) 198/127 288/78  < 0.001 196/68 196/68 1

Age (years) 10.87 ± 2.53 10.83 ± 2.46 0.836 10.77 ± 2.55 10.82 ± 2.47 0.819

Pubertal development (no/yes) 207/118 187/179 0.001 147/117 147/117 1

Course (years) 5.00 (3.00–7.50) 5.00 (3.00–8.00) 0.813 5.00 (3.00–7.00) 5.00 (3.00–8.00) 0.507

Height (cm) 150.22 ± 14.64 149.81 ± 14.95 0.714 150.25 ± 14.90 150.22 ± 14.47 0.977

Weight (Kg) 65.68 ± 18.09 65.32 ± 18.45 0.797 65.31 ± 18.11 65.99 ± 18.14 0.668

BMI 28.51 ± 4.02 28.48 ± 3.91 0.899 28.30 ± 3.71 28.66 ± 3.98 0.292

WC (cm) 90.53 ± 11.08 90.43 ± 11.45 0.907 89.79 ± 10.87 90.74 ± 11.43 0.331

HC (cm) 96.46 ± 10.97 96.14 ± 10.83 0.701 96.06 ± 10.66 96.49 ± 10.68 0.646

WHR 0.94 (0.90–0.98) 0.94 (0.90–0.98) 0.822 0.94 ± 0.07 0.93 ± 0.11 0.801

ALT (mmol/l) 28.00 (18.00–48.75) 30.00 (20.00–51.50) 0.087 28.00 (18.00–49.00) 29.00 (20.00–51.00) 0.219

AST (mmol/l) 25.00 (21.00–35.00) 27.00 (22.00–35.00) 0.1 25.00 (21.00–35.00) 27.00 (22.00–35.00) 0.223

UA (mmol/l) 377.50 (330.50–
449.00)

384.00 (329.50–
457.50)

0.729 381.00 (329.00–
457.00)

380.00 (332.00–
447.00)

0.903

TG mg/dl 1.16 (0.89–1.62) 1.24 (0.95–1.69) 0.092 1.12 (0.87–1.49) 1.32 (1.00–1.75)  < 0.001

TC mg/dl 4.31 ± 0.90 4.41 ± 0.85 0.139 4.27 ± 0.84 4.41 ± 0.82 0.05

HDL mg/dl 1.24 (1.10–1.39) 1.22 (1.07–1.39) 0.729 1.27 ± 0.26 1.25 ± 0.25 0.363

LDL mg/dl 2.65 ± 0.63 2.71 ± 0.59 0.241 2.62 ± 0.62 2.71 ± 0.57 0.093

Apo A 83.0 (41.00–173.25) 80.0 (40.00–157.00) 0.754 83.00 (40.50–
179.00)

80.50 (39.75–
164.00)

0.822

IMT 0.06 (0.05–0.06) 0.06 (0.05–0.06) 0.077 0.06 (0.05–0.06) 0.06 (0.05–0.06) 0.213

HbA1c (mmol/mol) 5.69 ± 0.81 5.71 ± 0.72 0.756 5.68 ± 0.85 5.67 ± 0.75 0.948

FBG 5.30 ± 0.39 5.38 ± 0.78 0.107 5.30 ± 0.39 5.39 ± 0.88 0.160

Fasting insulin 20.43 ± 9.64 25.72 ± 15.63  < 0.001 19.87 ± 9.04 26.42 ± 16.24  < 0.001

HOMA IR 4.53 (3.13–6.48) 5.03 (3.70–7.43)  < 0.001 4.43 (3.05–6.33) 5.14 (3.75–7.59)  < 0.001

LH (IU/l) 0.74 (0.07–3.21) 0.46 (0.07–2.15) 0.034 0.48 (0.07–2.65) 0.57 (0.07–2.17) 0.467

FSH (IU/l) 2.37 (0.91–4.24) 1.97 (0.69–3.46) 0.03 2.06 (0.77–4.03) 2.00 (0.69–3.57) 0.645

E2 (pmol/l) 158.15 (114.28–
226.60)

149.34 (112.54–
206.95)

0.087 156.90 (110.57–
222.15)

146.94 (112.11–
197.67)

0.135

Prolactin (mIU/l) 99.78 (63.89–
153.82)

82.40 (56.36–
118.70)

 < 0.001 93.87 (61.27–
144.21)

82.48 (57.09–
124.89)

0.063

T (nmol/l) 1.06 (0.68–2.33) 1.17 (0.64–2.91) 0.407 1.03 (0.65–2.56) 1.20 (0.66–2.77) 0.49

▶Table 2 Risk factors of NAFLD based on multivariate stepwise logistic regression.

Parameters beta standard error Odds ratio 95 %cI p-Value

TG 0.312 0.137 1.366 1.043–1.788 0.023

Prolactin –0.004 0.001 0.996 0.994–0.999 0.002

HOMAIR 0.214 0.039 1.239 1.148–1.338  < 0.001
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▶Table 3 Associations between serum prolactin and NAFLD.

Parameters 
Prolactin

case (n) Unadjusted Model 1 Model 2

Odds ratio (95 % cI) p 1 Value Odds ratio (95 % cI) p 1 Value Odds ratio (95 % cI) p 1 Value
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 ≥ 113.64 176 1 1 1
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