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Abstract

Background
Serum ferritin is an important iron storage protein in the human body, which indicates iron storage and
the body’s nutritional status, and is associated with a variety of chronic diseases. Few prospective studies
have assessed the association between serum ferritin levels and non-alcoholic fatty liver disease
(NAFLD). This prospective cohort study aimed to explore whether serum ferritin levels were associated
with the incidence of NAFLD in a large-scale adult population.

Methods
A total of 15,748 participants without baseline NAFLD were enrolled in the cohort study (1-9 years follow-
up periods, median: 4.5 years). Serum ferritin levels were determined by protein chip-chemiluminescence
method, and NAFLD was diagnosed by abdominal ultrasonography. Multivariable Cox proportional
hazards regression models were used to assess the association between baseline serum ferritin levels
and the risk of NAFLD.

Results
During the follow-up period, 3,374 new NAFLD cases were observed, and the incidence rate of NAFLD was
83.4 per 1000 person-years. In the fully adjusted model, the hazards ratios (95% con�dence interval) for
incident NAFLD across serum ferritin levels quartiles were 1.06 (0.94-1.19), 1.25 (1.11-1.41), and 1.52
(1.28-1.79) (P for trend <0.0001). Receiver operating characteristic (ROC) analysis showed that the
optimal cut-off values were 55.9 mg/dl for serum ferritin levels (Area under the ROC curve (AUC)=0.61)

Conclusion
Increased serum ferritin level was independently associated with a higher risk of incident NAFLD in a
large-scale general population. It is suggested that serum ferritin levels can be useful for the early
detection of subjects at high risk of developing NAFLD.

Introduction
Non-alcoholic fatty liver disease (NAFLD) is characterized by an abnormal accumulation of fat in liver
cells and has been a major public health issue worldwide [1]. In recent years, NAFLD has emerged as the
most common chronic liver disease, affecting 25% of the global population [2, 3]. The prevalence of
NAFLD in Asia ranges from 15–40% [4]. A recent meta-analysis in China showed that the national
prevalence of NAFLD was 29.2% and revealed that China experienced an unexpected rapid increase in
cases of NAFLD over a short period [5]. NAFLD is associated with liver-related morbidity and mortality
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and increases the risk of important extrahepatic chronic diseases, such as cardiovascular disease (CVD),
diabetes, and chronic kidney disease [6]. Therefore, searching for effective prevention strategies are
needed to control the development of NAFLD.

Serum ferritin is an important iron storage protein in the human body, which indicates iron storage and
body nutritional status, and is associated with a variety of diseases [7]. Previous experiments studies
have reported that diet-induced hepatic iron overload can increase hepatic free fatty acid (FFA) content
and insulin resistance [8]. Hepatic iron overload also worsens mitochondrial dysfunction in the liver in a
rat model of iron overload [9]. Moreover, excessive iron levels lead to increased oxidative stress [10]. Fatty
acid accumulation, insulin resistance, mitochondrial dysfunction, and oxidative stress can lead to the
development of NAFLD [11]. These reports prompted us to hypothesize that body iron stores as re�ected
by serum ferritin levels may be a strong predictor for the risk of NAFLD.

To our knowledge, only one cohort study conducted in middle-aged healthy Korean men (n=2,410) found
that serum ferritin level was an independent risk factor for incidence of NAFLD [12]. However, few studies
have assessed the association between serum ferritin level and incidence of NAFLD in the general adult
population. Therefore, we conducted a prospective cohort to explore whether serum ferritin level was an
independent predictive factor for the incidence of NAFLD among the large-scale general adult population
in China.

Methods
Study population

The Tianjin Chronic Low-grade Systemic In�ammation and Health (TCLSIH) cohort study is a dynamic
prospective cohort study and the details of the cohort study have been described elsewhere [13].   In brief,
the study participants were randomly recruited between January 2010 and December 2019 from the
general population who took part in annual health checkups in Tianjin, China.  The study protocol was
approved by The Institutional Review Board of Tianjin Medical University.  All participants provided
written informed consent.

Figure 1 showed the �owchart for the selection of the study population.  A total of 31,821 participants
received at least one health examinations, including blood tests and liver ultrasonography.  To be eligible
for the present study, we included participants with alcoholic fatty liver disease (n = 1,010), other liver
diseases (n = 209), CVD (n = 1,508), and cancer (n = 230) at baseline.   Moreover, baseline NAFLD (n =
10,887, 37.7%) was excluded.  Finally, participants who did not undergo health examinations during
follow-up were excluded (n = 2,229).  

Assessment of serum ferritin levels

Fasting blood samples were taken in the morning after a 12-h overnight fast from venipuncture of the
cubital vein.  Serum ferritin levels were measured using the Quantitative Kit for Tumor Markers (Huzhou
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Shukang Biological Technology) by the protein chip-chemiluminescence method and expressed as
ng/mL.  The measurement range of the assay was 5-600 ng/ml.  The coe�cients of variation of intra-
and inter-assay were less than 15%.   In the present analysis, serum ferritin levels were divided into four
groups (quartiles).

Assessment of NAFLD

Fatty liver disease (FLD) was tested by abdominal ultrasonography, which was carried out by experienced
sonographers using a TOSHIBA SSA-660A ultrasound machine (Toshiba, Tokyo, Japan), with a 2-5 MHz
curved array probe.   Images were also assessed by an experienced hepatologist.  FLD was diagnosed if
participants had two or more abnormal �ndings of liver ultrasonography as follows: diffusely increased
echogenicity liver, liver echogenicity greater than kidney or spleen, or vascular blurring and the gradual
attenuation of ultrasound signal.   NAFLD was diagnosed without a history of heavy alcohol drinking
(>210 g/week in males and >140 g/week in females) [14] on the basis of the presence of fatty liver.  
Abdominal ultrasonography was conducted every year, and NAFLD was diagnosed yearly during follow-
up.

Assessment of covariates

Sociodemographic characteristics (age and sex), lifestyle factors (smoking and alcohol drinking status),
and personal and family disease history were obtained by using a detailed and constructed
questionnaire.  Body height (m), weight (kg), and waist circumference (WC) (cm) were measured during
annual health checkups by trained nurses.   Body mass index (BMI) calculated from anthropometric
measurements (kg/m2).  

Blood tests including total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), triglycerides (TG), fasting blood glucose (FBG), alanine aminotransferase
(ALT), aspartate transaminase (AST), gamma-glutamyl transpeptidase (GGT), and hemoglobin (Hb),
which were measured from fasting blood samples.  Diabetes was de�ned as fasting blood glucose ≥7.0
mmol/L or a self-reported history of diabetes [15].  Hyperlipidemia was de�ned as total cholesterol ≥5.17
mmol/L, triglycerides ≥1.7 mmol/L, or low-density lipoprotein cholesterol ≥3.37mmol/L, or taking lipid-
lowering drugs [16].   Anemia was de�ned as Hb <120 g/L in nonpregnant adult females and <130 g/L in
males [17].  Blood pressure (BP) was measured 2 times using the TM-2655 oscillometric device (A&D)
and estimates from the 2 measurements were averaged.  Hypertension was de�ned as systolic blood
pressure (SBP) ≥140 mm Hg or diastolic blood pressure (DBP) ≥90 mm Hg or having a history of
hypertension [18].

Statistical analysis

The distribution of all continuous variables was checked by one-sample Kolmogorov-Smirnov
test (n ≥2,000).   For the baseline participants characteristics, descriptive data were expressed as
geometric mean (95% con�dence interval, 95% CI) for continuous variables due to skewed distribution
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and percentages for categorical variables.  The differences among the incident NAFLD categories were
examined by using analysis of covariance (ANCOVA) for continuous variables, and multiple logistic
regression analysis for proportional variables after adjustment for age and sex.

The Cox proportional hazards regression models were used to assess the association between serum
ferritin levels and the incidence of NAFLD.  Three multivariable models were �tted in our analyses.  Model
1 was a crude model.  Model 2 was adjusted for baseline age (continuous variable), sex (males or
females), and BMI continuous variable).  Model 3 was further adjusted for baseline serum ferritin,
hypertension (yes or no), hyperlipidemia (yes or no), diabetes (yes or no), anemia (yes or no), smoking
status (current, former, or never), alcohol drinking status (everyday drinker, sometime drinker, ex-drinker, or
non-drinker), family history of diseases (including cardiovascular disease, hypertension, hyperlipidemia,
and diabetes [each yes or no]).  Hazard ratios (HRs) and 95% CI were calculated.  Multicollinearity among
the covariables in the fully adjusted models was diagnosed using variance in�ation factor, and the results
showed that collinearity was acceptable (all variance in�ation factors are less than 10).   

We strati�ed the participants by potential effect modi�ers including age (<50 or ≥50 years), sex (males or
females), BMI (<24 or ≥24 kg/m2), smoking status (current, former, or never), alcohol drinking status
(everyday drinker, sometime drinker, ex-drinker, or non-drinker), hypertension (yes or no), hyperlipidemia
(yes or no), diabetes (yes or no), anemia (yes or no) and then examined the interactions between these
variables and serum ferritin levels.

To assess the robustness of the results, we performed a sensitivity analysis by excluding participants
diagnosed with NAFLD for less than one year from baseline survey.   Moreover, since anemia was
associated with serum ferritin level, we further performed a sensitivity analysis after excluding
participants with anemia. 

Receiver operating characteristic (ROC) curves were used to assess the ability of the serum ferritin levels
in diagnosing NAFLD.  The optimal cut-off points used were the peaks of the curve, where the sum of
sensitivity and speci�city is at maximum.

All statistical analyses were performed using SAS software, version 9.3 (SAS Institute Inc., Cary, NC, USA).
 All tests were two-sided, and P <0.05 was considered statistically signi�cant.

Results
A total of 15,748 participants were enrolled in the �nal analysis. The mean (standard deviation) age was
44.5 (12.0) years, and the proportion of males was 45.5%. 3,374 new NAFLD cases were observed, and
the incidence rate of NAFLD was 83.4 per 1000 person-years across the 9-year follow-up period (range, 1
to 9 years; median, 4.5 years).

Table 1 showed the age and sex-adjusted baseline characteristics associated with incident NAFLD.
Compared with subjects who have not incident NAFLD, those participants with incident NAFLD tended to
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have a higher age, BMI, WC, TC, LDL-C, TG, SBP, DBP, FBG, ALT, AST, GGT, serum ferritin, and a higher
proportion of males, proportion of hypertension, diabetes, and hyperlipidemia, proportion of smokers,
proportion with a family history of CVD, hypertension, and diabetes and lower HDL-C and lower proportion
of non-smokers (all P values <0.05). No signi�cant differences were observed for other factors (all
P>0.05).  
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Table 1
Age- and sex-adjusted baseline participant characteristics by status of NAFLD (n = 15,748) a.

  NAFLD status P value b

  No Yes

No. of subjects 12,374 3,374 -

Age (y) 42.3 (42.1, 42.5) c 45.6 (45.1, 46) <0.0001

Sex (male, %) 40.7 63.4 <0.0001

BMI (kg/m2) 22.8 (22.7, 22.8) 24.5 (24.4, 24.6) <0.0001

Waist circumference (cm) 78.4 (78.2, 78.5) 82.5 (82.2, 82.7) <0.0001

TC (mmol/L) 4.73 (4.72, 4.75) 4.85 (4.82, 4.88) <0.0001

LDL-C (mmol/L) 2.68 (2.66, 2.69) 2.82 (2.79, 2.84) <0.0001

HDL-C (mmol/L) 1.46 (1.45, 1.46) 1.33 (1.32, 1.34) <0.0001

TG (mmol/L) 0.97 (0.96, 0.97) 1.22 (1.20, 1.23) <0.0001

SBP (mmHg) 115.8 (115.5, 116.1) 118.7 (118.2, 119.2) <0.0001

DBP (mmHg) 73.3 (73.1, 73.5) 75.5 (75.2, 75.9) <0.0001

FBG (mmol/L) 4.89 (4.88, 4.90) 4.94 (4.92, 4.96) <0.001

ALT (mmol/L) 14.5 (14.4, 14.6) 17.0 (16.7, 17.2) <0.0001

AST (mmol/L) 17.3 (17.1, 17.4) 17.6 (17.3, 17.9) 0.02

GGT (mmol/L) 18.3 (18.1, 18.6) 22.8 (22.2, 23.4) <0.0001

Serum ferritin (ng/mL) 75.5 (74.7, 76.4) 79.5 (77.9, 81.2) <0.0001

Hypertension (%) 16.2 28.0 <0.0001

Diabetes (%) 2.30 4.21 <0.01

Hyperlipidemia (%) 39.3 57.1 <0.0001

Anemia (%) 7.68 4.71 0.14

Smoking status (%)      

Smoker 15.6 26.3 0.02

Ex-smoker 3.26 5.75 0.17

Non-smoker 81.1 67.9 < 0.01

Drinker (%)      
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  NAFLD status P value b

  No Yes

Everyday 2.62 4.03 0.81

Sometime 48.3 56.6 0.21

Ex-drinker 6.57 6.17 0.77

Non-drinker 42.5 33.2 0.20

Family history of diseases (%)    

CVD 32.2 37.5 < 0.0001

Hypertension 50.4 56.2 < 0.0001

Hyperlipidemia 0.36 0.50 0.23

Diabetes 23.0 26.9 < 0.0001

a NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; TC, total cholesterol; LDL-C, low
density lipoprotein cholesterol; HDL-C, high-density lipoprotein-cholesterol; TG, triglycerides; SBP,
systolic blood pressure; DBP, diastolic blood pressure; FBG, fast blood glucose; ALT, alanine
aminotransferase; AST, aspartate transaminase; GGT, gamma-glutamyl transpeptidase; CVD,
cardiovascular diseases.

b Analysis of covariance or logistic regression analysis.

c Geometric mean (95% con�dence interval) (all such values).

The unadjusted and adjusted associations between baseline serum ferritin levels and the incidence of
NAFLD were shown in Table 2. In the fully adjusted model, a positive and signi�cant trend across serum
ferritin levels quartiles was observed for the incidence of NAFLD, and the HRs (95%CI) for incident NAFLD
across serum ferritin levels quartiles were 1.06 (0.94, 1.19), 1.25 (1.11, 1.41), and 1.52 (1.28, 1.79) (P for
trend <0.0001). 
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Table 2. Adjusted relationships of baseline serum ferritin levels to incident NAFLD (n = 15,748).

 Quartiles of ferritin P for
trend a

 Level 1 Level 2 Level 3 Level 4

Serum ferritin levels (ng/mL,
range)

0~45 45~65 65~129 129~1103 -

No. of subjects 3,938 3,936 3,937 3,937 -

Person-years of follow up 11,375 10,965 9,835 8,285 -

No. of NAFLD 581 639 969 1,185 -

       Model 1 b reference 1.14 (1.02,
1.27) c

1.93 (1.74,
2.14)

2.80 (2.53,
3.09)

< 0.0001

       Model 2 d reference 1.07 (0.96,
1.20)

1.30 (1.16,
1.46)

1.62 (1.44,
1.83)

< 0.0001

       Model 3 e reference 1.06 (0.94,
1.19)

1.25 (1.11,
1.41)

1.52 (1.28,
1.79)

< 0.0001

NAFLD, non-alcohol fatty liver disease.

a Analysis by Cox proportional hazards regression model.

b Crude model.

c Adjusted hazard ratios (95% con�dence interval) (all such values).

d Adjusted for age, sex, and baseline body mass index.

e Additionally adjusted for baseline serum ferritin, hypertension, diabetes, hyperlipidemia, anemia,
smoking status, alcohol drinking status, and family history of diseases (hypertension, cardiovascular
disease, hyperlipidemia and diabetes).

After excluding participants diagnosed with NAFLD for less than one year from baseline survey (n =
2,374), similar associations between serum ferritin levels and incident NAFLD were observed, and the HRs
(95%CI) for incident NAFLD across serum ferritin levels quartiles were 1.00 (0.80, 1.25), 1.57 (1.26, 1.96),
and 2.07 (1.55, 2.76) (P for trend <0.0001) (Supplemental Table 1). After excluding participants with
anemia (n = 1,109), the associations between serum ferritin levels and incident NAFLD did not change
(data not shown).

Table 3 showed the associations between serum ferritin levels and risk of incident NAFLD strati�ed by
major covariates, including age, sex, BMI, smoking status, alcohol drinking status, hypertension,
hyperlipidemia, diabetes, and anemia. The results showed signi�cant interactions between serum ferritin
levels and BMI, hypertension, hyperlipidemia, and anemia for incident NAFLD in the �nal models (P for
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interaction <0.05). No evidence showed that there were interactions between serum ferritin levels and
other potential confounder factors for incident NAFLD (all P for interaction >0.18). 

Table 3. Associations between serum ferritin levels and risk of incident NAFLD strati�ed by major
covariates a. 
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Covariates Quartiles of ferritin P for
trend b

P for
interaction c

Level 1 Level 2 Level 3 Level 4

Age (years)            

≥50 reference 1.15 (0.98,
1.35) c

1.28 (1.09,
1.51)

1.40 (1.18,
1.66)

<0.0001 0.60

<50 reference 1.18 (1.02,
1.38)

1.19 (1.01,
1.41)

1.57 (1.32,
1.86)

<0.0001

Sex            

Males reference 1.08 (0.96,
1.23)

1.38 (1.22,
1.56)

1.40 (1.24,
1.58)

<0.0001 0.82

Females reference 1.08 (0.91,
1.28)

1.11 (0.94,
1.31)

1.42 (1.21,
1.66)

<0.0001

BMI (kg/m2)            

≥24.0 reference 1.06 (0.93,
1.21)

1.25 (1.08,
1.44)

1.38 (1.19,
1.60)

<0.0001 <0.0001

<24.0 reference 1.16 (0.96,
1.40)

1.47 (1.22,
1.76)

1.73 (1.43,
2.11)

<0.0001

Smoking status            

Current smoker reference 1.12 (0.92,
1.37)

1.25 (1.02,
1.53)

1.34 (1.09,
1.65)

<0.01 0.18

Ex-smoker reference 1.24 (0.90,
1.69)

1.41 (1.03,
1.94)

1.76 (1.27,
2.43)

<0.001

Non-smoker reference 1.09 (0.95,
1.24)

1.28 (1.13,
1.46)

1.60 (1.39,
1.84)

<0.0001

Alcohol drinking
status

           

Everyday reference 1.07 (0.93,
1.23)

1.30 (1.12,
1.49)

1.50 (1.29,
1.73)

<0.0001 0.71

Sometime reference 1.05 (0.91,
1.21)

1.29 (1.11,
1.49)

1.49 (1.29,
1.73)

<0.0001

Ex-drinker reference 1.02 (0.89,
1.17)

1.25 (1.08,
1.43)

1.44 (1.25,
1.66)

<0.0001

Non-drinker reference 1.07 (0.95,
1.21)

1.29 (1.14,
1.45)

1.57 (1.39,
1.78)

<0.0001

Hypertension            
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Covariates Quartiles of ferritin P for
trend b

P for
interaction c

Level 1 Level 2 Level 3 Level 4

Yes reference 1.15 (0.94,
1.40)

1.13 (0.91,
1.39)

1.21 (0.98,
1.50)

0.12 <0.001

No reference 1.08 (0.94,
1.24)

1.32 (1.15,
1.51)

1.65 (1.43,
1.91)

<0.0001

Hyperlipidemia            

Yes reference 1.05 (0.91,
1.21)

1.24 (1.06,
1.44)

1.42 (1.21,
1.66)

<0.0001 0.02

No reference 1.12 (0.94,
1.34)

1.28 (1.08,
1.53)

1.63 (1.36,
1.96)

<0.0001

Diabetes            

Yes reference 1.07 (0.86,
1.33)

1.12 (0.89,
1.4)

1.17 (0.93,
1.47)

0.18 0.22

No reference 1.02 (0.90,
1.16)

1.30 (1.15,
1.48)

1.71 (1.49,
1.96)

<0.0001

Anemia            

Yes reference 1.09 (0.70,
1.70)

0.95 (0.60,
1.53)

0.94 (0.59,
1.50)

0.69 0.02

No reference 1.09 (0.97,
1.23)

1.35 (1.20,
1.51)

1.60 (1.41,
1.81)

<0.0001

a NAFLD, non-alcohol fatty liver disease; HRs, hazard ratios; CI, con�dence interval; BMI, body mass
index; MET, metabolic equivalent; PA, physical activity.

b Analysis by Cox proportional hazards regression model. Adjusted for age, sex, body mass index,
smoking status, alcohol drinking status, family history of diseases (hypertension, cardiovascular
disease, hyperlipidemia and diabetes), hypertension, hyperlipidemia, diabetes, anemia.

c P for interaction was calculated using likelihood ratio test.

d Hazard ratios (95% con�dence interval) (all such values).

The area under the ROC curve (AUC) values for serum ferritin levels were 0.61. Moreover, Evaluating the
diagnostic performance of serum ferritin levels for NAFLD, the ROC yielded an optimal cut-off value of
55.9 mg/dl, with a sensitivity and speci�city of 68.5% and 48.7%, respectively.

Discussion
In this prospective cohort study, we investigated the association between serum ferritin levels and the risk
of incident NAFLD. The present results showed that serum ferritin levels were signi�cantly and positively
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associated with the incidence of NAFLD after adjustment for multiple confounding factors among large-
scale adult population in China.

In the present analysis, multiple potentially confounding factors were adjusted. This study suggested that
numerous factors (age, sex, BMI, WC, lipids, BP, FBG, smoking status, family history of some diseases)
are associated with the incidence of NAFLD. Since studies have shown that age, sex, and BMI were major
in�uence factors for the risk of NAFLD [19], we �rst adjusted for these three variables. Adjustment for age,
sex, and BMI signi�cantly affected the association between serum ferritin levels and incident NAFLD,
leading us to conclude that age, sex, and BMI are major confounding factors. We subsequently adjusted
for baseline ferritin levels, some chronic diseases [20], smoking status [21], alcohol drinking status [22],
and genetic factors, such as a family history of CVD, hypertension, hyperlipidemia, and diabetes [23],
which may in�uence the essential association between serum ferritin levels and the incidence of NAFLD.
However, after these adjustments, a positive and signi�cant association between serum ferritin levels and
the risk of NAFLD remains.

Several cross-sectional and case-control studies have assessed the association between serum ferritin
levels and the risk of NAFLD [24–27]. Recent a cross-sectional study found that serum ferritin positively
associated with alanine aminotransferase (ALT) among subjects with overweight/obesity and
ultrasound-con�rmed liver steatosis [24]. Two cross-sectional studies also showed that higher serum
ferritin was associated with a higher risk of NAFLD and elevated ALT among Chinese adults with normal
weight [25, 26]. In addition, a Korean study conducted on postmenopausal women found that the serum
ferritin level was positively and independently associated with NAFLD [27]. Most cross-sectional studies
reported a positive association between serum ferritin levels and the prevalence of NAFLD, however,
cross-sectional study designs cannot be used to determine causal relationships because temporality is
not known.

To the best of our knowledge, only one cohort study conducted in Korea assessed the association
between serum ferritin levels and the incidence of NAFLD [12]. The study comprised 2,410 healthy Korean
males who were aged 30 to 59 years old and found that the HR (95% CI) for incidence of NAFLD
comparing the highest quartile of serum ferritin level to the lowest quartile was 1.41 (1.11-1.79) [12]. Our
results were similar to the Korean study. Moreover, we also found a positive association among the total
population and females.

Several possible mechanisms may explain the positive association between serum ferritin levels and
incident NAFLD. Firstly, serum ferritin levels re�ected body iron storage status. Previous experiments
using animal models found that the mice exhibited signi�cant increases in FFA levels and insulin
resistance after feeding for 4 weeks on a high-fat, high-fructose diet to induce a hepatic iron overload
model [8]. FFA levels and insulin resistance were risk factors for the development of NAFLD [28, 29].
Secondly, iron overload can promote the production of reactive oxygen species [30], which increase
in�ammation levels and oxidative stress, subsequently resulting in dysregulation of hepatic lipid



Page 15/19

metabolism and liver injury [31]. Finally, previous rat experiments found that iron overload caused liver
mitochondrial dysfunction [9], which plays an important role in the development of NAFLD [32].

The main advantage of the present cohort study was the �rst cohort study to assess the association
between serum ferritin levels and incident NAFLD in China. Other advantages included the study design,
large sample size, and adjustment for multiple confounding factors. There are several limitations needed
to be noted. First, although this study adjustment for lots of confounding factors, some unmeasured
factors and residual confounding may in�uence the associations. Second, the present results only
represent the study region. Further studies are needed to verify the results in other populations. Second,
NAFLD was assessed by ultrasonography but not liver biopsy (the gold standard). However, a meta-
analysis showed that liver ultrasonography is an accurate, reliable tool to detect moderate to severe fatty
liver [33]. Due to its low cost, safety, and accessibility, ultrasound may be the imaging technique of choice
for fatty liver screening in clinics and large sample size populations study.

Conclusions
The present study demonstrated that serum ferritin levels were positively associated with the incidence of
NAFLD in a large-scale adult population. Further cohort studies are essential to con�rm the �ndings in
other populations.
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Figure 1

Flow chart of population selection
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