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ABSTRACT
Objective: As obesity rates increase, the prevalence of non-alcoholic fatty liver dis-
ease (NAFLD) increases as well. Numerous micronutrient deficiencies are associated 
with NAFLD. The development of NAFLD is thought to be influenced by zinc (Zn) 
deficiency. This study aims to investigate the relationship between NAFLD and serum 
Zn levels as well as some other parameters in obese children.
Material and Methods: This study examined the medical records of children and 
adolescents with obesity in the pediatric gastroenterology polyclinic 1 at the Adana 
City Training and Research Hospital between October 01, 2017 and August 31, 
2022. Participants were evaluated in two groups, group 1 (NAFLD patients) and 
group 2 (non-NAFLD patients). Anthropometric and laboratory data were obtained 
from the patient’s file.
Results: There were 91 patients (32 [35.1%] boys and 59 [64.8%] girls) who were 
11.67±3.42 years old. Forty-two (46.1%) of the patients were affected by NAFLD, 
whereas 49 (53.8%) had normal results. The mean serum Zn level of the patients was 
84.36±20.02 μg/dL. A statistically significant increase in serum Zn levels in group 
2 compared to group 1 (89.96±7.99 μg/dL, 80.48±24.58 μg/dL; p=0.030) was ob-
served. Other parameters did not show a significant difference between the groups 
(p>0.05). In logistic regression analysis, there was a significant negative correlation 
between NAFLD the presence and serum Zn level (p=0.049), but there was no signif-
icant correlation between the other parameters (p>0.05).
Conclusion: The present study is the first to examine the relationship between NAFLD 
and serum Zn in obese children in the literature. There was a statistically significant 
negative correlation between the presence of NAFLD and the level of serum Zn. Ac-
cording to these findings, Zn supplementation may be one of the treatment options 
for NAFLD management, and further studies with more patients are needed to inves-
tigate this possibility.
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INTRODUCTION
It is important to note that non-alcoholic fatty liver disease (NAFLD) 
is a widespread, silent, chronic liver disease that may be mild or se-
vere and without any obvious clinical symptoms.[1] Triglyceride (TG) 
content in hepatocytes >5% of liver weight results in liver steatosis.[2] 
When hepatic fatty acid intake, lipogenesis, lipid oxidation, and very 
low-density lipoprotein particles are disrupted, there is an excessive 
accumulation of TG in the hepatocytes and the consequent accumu-
lation of liver fat.[3] NAFLD is a primary finding of obesity and meta-
bolic syndrome in the liver.

Although NAFLD is seen in approximately 70% of obese patients, 
it is estimated to be around 35% in non-obese patients.[4,5] The accu-
mulation of excess fat and insulin resistance are both associated with 
metabolic disorders such as TG, free-fatty acids, total cholesterol, 
low-density lipoprotein (LDL) cholesterol, and fasting blood sugar im-
balances.[6,7] Recent evidence suggests that insulin resistance may 
contribute to NAFLD development.[7] In addition, disorders in the lipid 
profile also contribute to fatty liver disease.[8]

Zinc (Zn) deficiency has been reported in many studies.[9,10] This 
may result from low Zn intake, impaired liver hemostasis, and sec-
ondary effects of NAFLD, such as oxidative stress and inflamma-
tion.[11,12] Endoplasmic reticulum (ER) stress and fatty liver can be 
exacerbated in the presence of Zn deficiency. Studies have shown 
that Zn and Zn transporters reduce ER stress.[13,14] Furthermore, Zn 
regulates blood glucose homeostasis by affecting insulin secretion, 
receptor activation, and signal transduction.[15] As a result, Zn defi-
ciency may worsen insulin resistance and diabetes.[16]

This study investigates the relationship between NAFLD and var-
ious blood parameters, especially Zn levels, in obese children.

MATERIAL AND METHODS
Patients

During October 01, 2017–August 31, 2022, children with obesity 
treated at Adana City Training and Research Hospital Pediatric Gas-
troenterology Polyclinic 1 were retrospectively analyzed. We included 
children from the age of 2 to 18 years who were evaluated as obese 
in our outpatient clinic (body mass index standard deviations [SDS] 
≥2 SDS) based on the criteria of the World Health Organization.[17] 
The study excluded participants with chronic diseases (hormonal dis-
orders, cancer, diabetes, cardiovascular diseases, hepatic or renal 
dysfunction, and malabsorption), using supplements (Zn, omega 3, 
or other supplements), or smoking habits. In accordance with the 
criteria for inclusion and exclusion, 91 patients (32 boys and 59 girls) 
with a mean age of 11.67±3.42 years were included in this study. An 
ultrasonography (USG) was performed to diagnose NAFLD follow-
ing the American Society of Gastroenterology’s standard criteria.[18] 
A total of two groups of patients were examined, one with NAFLD 
(group 1) and one without NAFLD (group 2). Ethical permission for 
the study was granted by Adana City Training and Research Hospital 
(dated December 29, 2022; decision number: 2348). All procedures 
followed the ethical standards specified in the Declaration of Helsinki. 
Parents of all patients were informed about the study’s objectives 
and that their medical data could be published, and a consent form 
was obtained from their parents.

Analyses of Laboratory Data

Analyses were conducted on aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), total cholesterol, LDL, cholesterol, 
triglyceride, and 25-hydroxyvitamin D (25[OH]D). Routine biochemical 
tests, including total cholesterol, TG, glucose, high-density lipoprotein, 
LDL cholesterol, ALT, and AST were performed using the ADVIA 1650 
analyzer (Bayer, Pittsburgh, PA, USA). Serum 25(OH)D levels were 
measured using a radioimmunoassay method (DiaSorin; Stillwater, 
MN, USA) and a counter (1470 Wizard; Perkin-Elmer, Turku, Finland). 
Inductively coupled plasma mass spectrometry was employed to de-
termine the Zn level (PerkinElmer, MA, USA, Zn normal range 70/120 
μg/dL). Homeostatic model assessment of insulin resistance (HOMA-
IR) was used to determine insulin resistance.[19] Detection of serum 
thyroid stimulating hormone (TSH), free thyroxine (fT4) and triiodothy-
ronine (fT3), immunoenzymatic assays (TSH, fT4, and fT3), with com-
mercial kits (Dimension EXL integrated chemistry system LOCI Mod-
ule Siemens, Erlangen, Germany, TSH normal range 0.79/5.85 mIU/L, 
fT4 normal range 0.64/1.71 ng/dL, and fT3 normal range 2.6/6.5 ng/L).

Features	 Values

Number of patients	 91
Gender (boy/girl)	 32/59
NAFLD (yes/no)	 42/49
Age (years)	 11.67±3.42
Weight SDS	 3.09±1.08
Height SDS	 0.67±1.19
BMI SDS	 2.81±0.65
Serum zinc level (μg/dL)	 84.36±20.02
Serum 25(OH)D level (μg/dL)	 22.84±7.33
Fasting blood glucose (mg/dL)	 85.20±8.73
Insulin (U/L)	 19,20±15,12
HOMA-IR	 4.12±3.53
Total cholesterol (mg/dL)	 169.63±44.34
Triglyceride (mg/dL)	 117.32±55.36
LDL (mg/dL)	 108.29±27.66
HDL (mg/dL)	 44.77±9.01
AST (U/L)	 25.52±7.99
ALT (U/L)	 26.70±17.58
Serum TSH (mIU/L)	 2.60±1.21
Serum ft4 (ng/dL)	 0.87±0.11
Serum ft3 (ng/L)	 4.11±0.52

NAFLD: Non-alcoholic fatty liver disease; SDS: Standard deviation scores; 
BMI: Body mass index; 25(OH)D: 25-hydroxyvitamin D; HOMA-IR: Homeo-
static model assessment of insulin resistance; LDL: Low-density lipoprotein; 
HDL: High-density lipoprotein; AST: Aspartate aminotransferase; ALT: Ala-
nine aminotransferase; TSH: Thyroid-stimulating hormone; ft4: Free thyrox-
ine; ft3: Free triiodothyronine.

Table 1: Clinical characteristics of the patients
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Statistical Analysis

SPSS 25 was employed for all statistical analyses (IBM Corp. re-
leased 2017. IBM SPSS statistics for Windows, version 25.0. Ar-
monk, NY: IBM Corp.). Kurtosis–skewness tests were performed 
to determine whether the variables had normal distributions. A 
mean and SD or median (minimum-maximum) were presented for 
the results. Variables with a normally distributed distribution were 
given as mean±SD. A Chi-square test was used to analyze cate-
gorical variables between groups, and a Mann–Whitney U test was 
conducted to analyze non-categorical variables. The correlation 
analysis was conducted using Spearman and Pearson correlation 
coefficients. The relationship between variables was examined us-
ing a multivariate logistic regression model. Two-sided p<0.05 was 
accepted for statistical significance.

RESULTS
Ninety-one children (32 [35.1%] boys and 59 [64.8%] girls) aged 
11.67±3.42 years participated in the study. The clinical charac-
teristics of all participants are summarized in Table 1. HOMA-IR 
level was found to be >2.5 in 52 (57%) of the cases. NAFLD was 
found at least stage 1 and above in 42 (46.1%) patients, whereas 
this finding was not present in 49 (53.8%) patients. The USG im-
age revealed grade 2 adiposity in 13 (14.2%) and grade 1 adi-
posity in 29 (70.1%) cases with NAFLD. There were 15 patients 
(16.4%) with elevated liver function tests. In this study, the mean 

serum Zn level was 84.36±20.02 μg/dL, and serum Zn levels of 
all individuals were within the normal range. The mean serum 
25(OH)D level was 22.84±7.33 μg/dL.

In two groups of patients, NAFLD patients (group 1) and patients 
without NAFLD patients (group 2), the mean serum Zn levels of group 
2 were significantly higher than those of group 1, and this difference 
was statistically significant (89.96±7.99 μg/dL vs. 80.48±24.58 μg/
dL; p=0.030). In terms of other parameters, there were no significant 
differences between the groups (p>0.05) (Table 2).

Multivariate logistic regression analysis was performed to as-
sess the relationship between some clinical parameters and NAFLD. 
While a significant negative correlation was observed between the 
presence of NAFLD and serum Zn level for the unadjusted model 
(p=0.049), other parameters did not show a significant correlation 
(p>0.05).

DISCUSSION
In this study, the variables related to the fatty liver were investigated, 
and it was demonstrated that there was a weak but significant neg-
ative correlation between serum Zn levels and NAFLD in obese 
children. This may be due to the limited number of participants. No 
significant correlation was found between serum lipids, insulin resis-
tance, or BMI, and the presence of fatty liver. The present study is 
the first to examine the relationship between serum Zn levels and 
NAFLD in childhood.

Variables	 Group with NAFLD (n=52)	 Without NAFLD (n=79)	 p

Age (years)	 12.43±2.99	 11.22±3.60	 0.072
BMI SDS	 2.96±0.63	 2.72±0.66	 0.080
Serum zinc level (μg/dL)	 80.48±24.58	 89.96±7.99	 0.030
Serum 25(OH)D level (μg/dL)	 21.83±7.42	 23.60±7.26	 0.320
Fasting blood glucose (mg/dL)	 84.26±8.87	 85.79±8.65	 0.376
Insulin (U/L)	 20.13±11.70	 18.61±17.00	 0.613
HOMA-IR	 4.28±2.69	 4.02±3.99	 0.717
Total cholesterol (mg/dL)	 168.75±56.48	 170.05±38.18	 0.915
Triglyceride (mg/dL)	 110.62±50.15	 121.65±58.45	 0.317
LDL (mg/dL)	 105.40±28.57	 110.07±27.16	 0.403
HDL (mg/dL)	 44.71±8.67	 44.81±9.26	 0.954
AST (U/L)	 25.10±7.66	 25.79±8.24	 0.663
ALT (U/L)	 28.69±14.85	 25.45±19.10	 0.351
Serum TSH (mIU/L)	 2.74±1.40	 3.43±2.90	 0.194
Serum ft4 (ng/dL)	 0.85±0.12	 0.88±0.14	 0.211
Serum ft3 (ng/L)	 3.99±0.48	 4.11±0.78	 0.496

NAFLD: Non-alcoholic fatty liver disease; SDS: Standard deviation scores; BMI: Body mass index; 25(OH)D: 25-hydroxyvitamin D; HOMA-IR: Homeostatic 
model assessment of insulin resistance; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; AST: Aspartate aminotransferase; ALT: Alanine amino-
transferase; TSH: Thyroid-stimulating hormone; ft4: Free thyroxine; ft3: Free triiodothyronine.

Table 2: Comparison of the characteristics of the group with NAFLD and the group without NAFLD
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Zn, a trace element in the structure of metabolic, anti-inflam-
matory, and antioxidant enzymes, may have impaired metabolism 
in chronic liver disease.[9] Studies in the literature have shown that 
patients with chronic active hepatitis, cirrhosis, and liver cancer 
have significantly reduced serum Zn levels.[20] Patients with chronic 
hepatitis C have been found to have a Zn deficiency, and Zn levels 
have improved with the administration of interferon.[21,22] Therefore, 
Zn supplementation improved liver function and long-term outcomes, 
including lower cumulative incidences of liver cancer in patients with 
chronic hepatitis C and liver cirrhosis.[23] Further, in individuals with 
chronic viral hepatitis, Zn levels are significantly associated with 
disease severity and prognosis. The presence of Zn deficiency or 
altered metabolism is also observed in individuals suffering from al-
coholic liver disease.[24] In previous studies, Zn has been studied con-
cerning viral hepatitis and alcoholic liver disease. There are limited 
data regarding the relationship between Zn level and NAFLD and 
previous studies have been conducted in adult patients.

Due to the increasing prevalence of obesity worldwide, the pres-
ence of NAFLD is an important risk factor for developing cirrhosis and 
liver cancer.[25] In addition, studies indicate that serum Zn concentrations 
are significantly lower in patients with NAFLD than in controls.[26] It has 
also been reported that lower Zn levels are related to higher hepatic fi-
brosis stages in patients with biopsy-proven NAFLD.[27] In a cross-sec-
tional study of 300 subjects with NAFLD, it was found that defined by 
the NAFLD liver fat score,[28] significant hepatic fibrosis predicted by the 
fibrosis-4 index[29] is correlated with reduced levels of Zn.[30] In contrast to 
the results of these studies, a study that evaluated patients with NAFLD 
who underwent bariatric surgery did not find a significant relationship be-
tween serum Zn levels and the severity of hepatic steatosis, steatohep-
atitis, and fibrosis.[31] The results of animal studies indicate that Zn sup-
plementation reduces the severity of liver steatosis in the periportal areas 
of the liver, reduces the accumulation of lipids in hepatocytes, improves 
glucose metabolism and insulin signaling, and reduces liver damage.
[32–34] Several conditions are associated with Zn deficiency in patients with 
NAFLD, including oxidative stress and inflammation, insulin resistance, 
diabetes mellitus, obesity, hypertension, dyslipidemia, decreased Zn ab-
sorption from the gastrointestinal tract, and inadequate dietary Zn intake.
[35] Our study examined the relationship between NAFLD and various 
factors that might affect the pathophysiology in obese children. Only the 
serum Zn level was significantly associated with the pathophysiology.

The limitations of our study were that it was retrospective, the 
single-center had a limited number of patients, the population under 
investigation was limited to children and adolescents with obesity, 
and there was no healthy/non-obese control group. In addition, other 
elements, such as selenium, that may play a role in the pathogenesis 
of NAFLD have not been evaluated.

CONCLUSION
The relationship between NAFLD and serum Zn in children and ado-
lescents with obesity has been demonstrated for the first time in the 
present study. Patients with obesity showed a weak, but statistically 
significant negative correlation between NAFLD and serum Zn. This 
study suggests that Zn supplementation may be an effective treat-
ment option for NAFLD. A prospective, randomized, controlled study 
with a more significant number of participants is required in this area 
to identify the relationship between Zn treatment and NAFLD.
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