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Abstract

Background: Nonalcoholic fatty liver disease (NAFLD) and prediabetes are well-known risk 

factors for diabetes. However, few studies have been performed about the risk of diabetes in 

subjects with prediabetes in the presence of NAFLD. In addition, little information was known 

about the impact of waist circumference (WC) and body mass index (BMI) changes on the 

development of diabetes. In this study, we examined the association of NAFLD with diabetes 

and the impact of WC and BMI changes in subjects with prediabetes.

Methods: We enrolled 6,240 subjects with prediabetes who underwent general routine health 

evaluations in 2007 and returned for follow-up examinations in 2008 -2013 at least one time.

Subjects were stratified by WC and BMI changes into three groups. The RRs of NAFLD for 

diabetes was evaluated. 

Results: The prevalence of NAFLD in study participants was 45.4 % (2,830/6,240). Subjects 

with NAFLD had higher BMI, WC, HbA1c levels, blood pressure levels, blood lipid levels, 

and also higher ALT levels (P < 0.001). During the follow-up, the total incidence of diabetes 

was 8.093 %. Subjects with NAFLD at baseline had a higher incidence of diabetes and the 

adjusted relative ratios (RRs) were 2.181 [95% confidence interval (CI), 1.778 to 2.674]. 

Furthermore, the RRs were closely related to WC changes. The adjusted RRs for diabetes 

according to WC change (≤ 0.0 cm, 0 cm to 3.0 cm, and > 3.0 cm) were 1.953 (95% CI, 1.365

to 2.794), 1.996 (95% CI, 1.407 to 2.833), and 2.302 (95% CI, 1.598 to 3.314), respectively.

Furthermore, the RRs were also closely related to BMI changes and the adjusted RRs for 

diabetes according to BMI change (< -0.35 kg/m2, -0.35 kg/m2 to 0.35 kg/m2, and > 0.35 kg/m2)

were 1.633 (95% CI, 1.121 to 2.380), 1.995 (95% CI, 1.415 to 2.811), and 2.924 (95% CI, 

2.053 to 4.165), respectively.

Conclusion: There was a strong and independent association between NAFLD and diabetes 

in Korean subjects with prediabetes, and this relationship was closely related to WC and BMI 

changes.

Keywords: Nonalcoholic fatty liver disease, prediabetes, diabetes, waist circumference, Body 

mass index 
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Introduction

1. What is NAFLD? 

Non-alcoholic fatty liver disease (NAFLD) is characterized by free fatty acid and 

triglyceride infiltration of hepatocyte 1). The pathology resembles that of alcohol-induced liver

injury, but it occurs in people who do not abuse alcohol 2). Histologic features of NAFLD 

include hepatic steatosis, mixed inflammatory-cell infiltration, hepatocyte ballooning and 

necrosis, glycogen nuclei, Mallory’s hyaline and fibrosis 2).

NAFLD has a wide spectrum of diseases, ranging from simple steatosis to 

steatohepatitis (non-alcoholic steatohepatitis, NASH), advanced fibrosis, and can progress to 

end-stage liver diseases such as liver cirrhosis (LC) or even hepatocellular carcinoma (HCC)

1-3). NAFL is defined as the presence of hepatic steatosis with no evidence of hepatocellular 

injury in the form of ballooning of the hepatocytes. NASH is defined as the presence of hepatic 

steatosis and inflammation with hepatocyte injury (ballooning) with or without fibrosis 4).

The definition of NAFLD requires that (1) there is evidence of hepatic steatosis, either 

by imaging or by histology and (2) there are no causes for secondary hepatic fat accumulation 

such as excessive alcohol consumption, use of steatogenic medication, or hereditary disorders

4). Common causes of secondary hepatic steatosis are excessive alcohol consumption, hepatitis 

C (genotype 3), Wilson’s disease, medications, parenteral nutrition, , and severe malnutrition

4). By definition, it is important to exclude excessive alcohol consumption for the diagnosis of 

NAFLD. However, the precise definition of significant alcohol consumption in patients with 

suspected NAFLD remains unclear 4). European Association for the Study of the Liver (EASL) 

proposed that the diagnosis of NAFLD requires the exclusion of a daily alcohol consumption 

≥ 30g for men and ≥ 20g for women 5). More recently, the American Association for the Study 

of Liver Diseases (AASLD) practice guideline suggested that significant alcohol consumption 

is defined as > 21 drinks on average per week in men and > 14 drinks on average per week in 

women 4).

Liver biopsy is the gold standard method to diagnose NAFLD. However, it has

limitations that it is an invasive procedure, cost burdens, and sampling error 4). For these 
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reasons, in clinical practice, non-invasive methods, including imaging techniques or serum 

markers, are increasingly being used. Ultrasound imaging (US) is the preferred first-line 

diagnostic procedure for imaging of NAFLD 4). Whenever imaging tools are not available or 

feasible, serum biomarkers could be an acceptable alternative for the diagnosis of steatosis 4). 

Although NAFLD is often diagnosed after the finding of elevated aminotransferases, they may 

not be sufficiently sensitive to diagnose NAFLD as aminotransferase levels can be within 

normal ranges in patients with NAFLD 6). Furthermore, scoring systems of noninvasive 

clinical and laboratory findings may help in the diagnostic evaluation of a patient with 

suspected NAFLD. The Fatty Liver Index (FLI) is a simple algorithm that combines measures 

of triglycerides, gamma-glutamyltranspeptidase (GGT), waist circumference and body mass 

index (BMI) 7). 

2. The Epidemiology of NAFLD

The overall worldwide prevalence of NAFLD in general adult population is 25% as 

the most prevalent liver disease 8). Estimates of the worldwide prevalence of NAFLD ranges 

from 6.3 to 33 %, with a median of 20 % in the general population, based on a variety of 

assessment methods 4). The prevalence of NAFLD in the general population assessed by 

ultrasonography, which is most commonly used non-invasive tool to assess fatty liver, is 

estimated to be 20–30 % in Europe and 35–58 % in the United States with significant variation 

by ethnicity 9). In Asian countries, the prevalence of fatty liver disease is increasing with the 

rapidly growing westernized lifestyle and it has been reported from 15% to 45% 10). In Korea,

it is estimated to be between 10 and 25% 11).

3. The Clinical Implications of NAFLD

The clinical implications of NAFLD have been regarded as the common occurrence in 

the general population and the potential to progress to NASH, liver cirrhosis and hepatic 

failure 2). However, NAFLD is not only associated with liver-related morbidity and mortality, 

but also with serious extrahepatic complications. NAFLD is an independent risk factor for 

diabetes, metabolic syndrome, cardiovascular disease, and other arteriosclerosis diseases 12). 

Additionally, diabetes and cardiovascular diseases are the most common outcome and causes 
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of death in patients with NAFLD 13). The reported prevalence of type 2 diabetes in several 

series of patients with NAFLD varied between 10 - 75 % 2). There were studies showing that 

individuals with NAFLD had one-fold to five-fold risk for diabetes, which would cause 

multisystem complications and economic costs 14-16). There have been many studies focused 

on the relationship between NAFLD and diabetes. Additionally, most studies have a 

conclusion that NAFLD is one risk factor for diabetes incidence. However, the relative risk 

(RR) or hazard ratio (HR) value could vary with the study 16). 

NAFLD coexists in a substantial percentage of patients with prediabetes 17). The 

presence of NAFLD had an additive effect on future T2DM risk among subjects with impaired 

fasting glucose (IFG) 14). The 5-10 % of subjects with prediabetes can progress to diabetes 

every year 18), and almost 70% of individuals with prediabetes will eventually develop diabetes 

according to the American Diabetes Association (ADA) panel. But the risk of progression to 

diabetes in NAFLD with prediabetes has not been much studied. The progression to diabetes 

in subjects with prediabetes is of great interest, based on epidemiological and clinical evidence, 

because people at increased risk of developing diabetes should be the target of primary 

prevention efforts.

Obesity is also coexisting conditions frequently associated with NAFLD. The reported 

prevalence of obesity in several series of subjects with NAFLD varied between 30 – 100% 2). 

The prevalence of NAFLD increases by a factor of 4.6-fold in obese people, defined as those 

with a body-mass index (BMI) of at least 30 kg/m2 19). Moreover, abdominal obesity seems to 

be an important risk factor for NAFLD. The increase in waist circumference (WC) is 

associated with the visceral adipose tissue. Large WC indicates abdominal adiposity, which is 

positively associated with a cluster of cardiometabolic risks and is recognized as an important 

predictor of diabetes and NAFLD 2, 20). WC and BMI are two anthropometric measures for 

obesity commonly used in routine health check-ups. However, most previous studies reported 

for the effect of WC based on a cutoff point on diabetes 21). So, whether WC dynamic change 

plays an important role in development of diabetes and/or association of NAFLD has not been 

well documented. 

Taken altogether, few studies have been performed in prediabetes with NAFLD for the 
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risk of diabetes in South Korea. And also, the effect of long-term WC and/or BMI change in 

prediabetes with NAFLD has not been established. In light of these findings, we designed our 

current study to investigate the association of NAFLD with diabetes and the impact of WC

and BMI changes in a prediabetes, middle-aged, Korean adults.
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Subjects and Methods

1. Study population

The study population consisted of subjects who had undergone general routine health 

evaluations at the Health Screening and Promotion Center of Asan Medical Center (AMC, 

Seoul, Republic of Korea) in 2007 and returned for follow-up examinations in 2008 -2013 at 

least one times. Initially, 17,666 subjects were identified. Of these subjects, 2,734 were

excluded due to the presence of type 2 diabetes at the baseline examination. Based on 2007 

medical records, subjects were excluded for the following reasons: absence of data [HbA1c, 

insulin, γ-glutamyltransferase (GGT) and triglyceride levels; n = 2,573]; abnormal liver 

enzyme levels [aspartate aminotransferase (AST) and/or alanine aminotransferase (ALT) ≥ 2.5 

x upper limit of normal value; n = 47], positive serologic marker for the hepatitis B (n = 569) 

and/or hepatitis C virus (n = 72). Several subjects met two or more exclusion criteria. This 

analysis also used data obtained using in-person follow-up examinations after the baseline 

examinations. Each participant completed a questionnaire that listed a history of previous 

medical and/or surgical diseases, medications, and drinking and smoking habits. Drinking 

habits were categorized in terms of frequency per week (i.e., 1 time/week or 2 times/week

[moderate drinker]), smoking habits as noncurrent or current, and exercise habits as frequency 

per week (i.e., 2 times/week or 3times/week [physically active]) 22). Hypertension was defined 

as systolic and/or diastolic blood pressure (BP) ≥140/90 mmHg or receiving 

antihypertensive medications.

After excluding ineligible subjects, 6,240 subjects with prediabetes, a mean age of 50.7

years (range 18–85 years, 4,594 male and 1,646 female) were enrolled in our final study 

population. All participants provided written informed consent. This study was approved by 

the institutional review board of AMC.

2. Clinical and laboratory measurements

Height and weight were obtained while the participants wore light clothing without 

shoes. Body mass index (BMI) was calculated as weight in kilograms divided by the square 
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of the height in meters. Waist circumference (WC) (in cm) was measured midway between the 

costal margin and the iliac crest at the end of a normal expiration. BP was measured on the 

right arm after resting 5 minutes using an automatic manometer with an appropriate cuff size. 

After overnight fasting, early-morning blood samples were drawn from the antecubital vein 

into vacuum tubes and subsequently analyzed by the central, certified laboratory at AMC. 

Measurements included the concentrations of fasting glucose, insulin, several lipid parameters, 

and liver enzymes.

Fasting total cholesterol, high-density lipoprotein-cholesterol (HDL-C), low-density 

lipoprotein-cholesterol (LDL-C), triglycerides (TG), aspartate aminotransferase (AST), and 

alanine aminotransferase (ALT) were measured using the enzymatic colorimetric method on 

the Toshiba 200FR Neo analyzer (Toshiba Medical System Co., Ltd., Tokyo, Japan). FPG was

measured using the immunoturbidimetric method (Toshiba) and the enzymatic colorimetric 

method on the Toshiba 200 FR auto-analyzer (Toshiba), respectively. Ion-exchange high-

performance liquid chromatography (Bio-Rad Laboratories, Inc., Hercules, CA) was used to 

measure the HbA1c levels. All enzyme activities were measured at 37 ℃.

3. Definitions of Diabetes, Prediabetes and Nonalcoholic Fatty liver disease (NAFLD)

Subjects with diabetes were defined as those with a fasting plasma glucose (FPG) level 

of 7.0 mmol/L and/or HbA1c level of 6.5% 23). In addition, participants who reported the use 

of antidiabetic medications on a self-report questionnaire were considered to have diabetes 23).

Subjects with prediabetes were defined as those who did not have diabetes but had one 

of the following two criteria: 6.1 mmol/L ≤ FPG < 7.0 mmol/L and/or 5.7% ≤ HbA1c < 6.5% 

23).

Hepatic ultrasonography was performed to diagnose NAFLD (Ultrasound Systems 

IU22, Philips, Holland) by experience. The diagnosis of fatty liver was made on the basis of 

characteristic ultrasonographic features consistent with “bright liver” and evident contrast 

between hepatic and renal parenchyma, vessel blurring, focal sparing, and narrowing of the 

lumen of the hepatic veins 2). And study subject had no special cause of secondary hepatic 

steatosis, such as alcohol drinking, hepatitis, or medicine. 

Waist circumference (WC) change was defined as WC in the follow-up year minus 
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WC at baseline, and it was divided into three group: (1) tertile; ≤ 0.0 cm, 0 cm to 3.0 cm, and 

> 3.0 cm; (2) < -1.0 cm, -1.0 to 1.0 cm, and > 1.0 cm.

Body mass index (BMI) change was defined as BMI in the follow-up year minus BMI 

at baseline, and it was divided into tertile groups; < -0.35 kg/m2, -0.35 kg/m2 to 0.35 kg/m2, 

and > 0.35 kg/m2. 

4. Statistical Analysis

Continuous variables with normal distributions are expressed as the mean ± standard 

deviation, whereas continuous variables with skewed distributions are expressed as the median 

(and interquartile range). Categorical variables are expressed as the percentage. The 

demographic and biochemical characteristics of subgroups categorized by NAFLD status or 

outcomes were compared using the Student t test or Mann–Whitney U test for continuous 

variables or the χ2 test for categorical variables. The incidence of diabetes was calculated by 

using person-years as the denominator. Multivariable Cox proportional hazard model was 

performed to estimate the RR and 95% confidence intervals (CIs) for diabetes with NAFLD 

status. Reported probabilities were two-sided, and P < 0.05 was considered statistically

significant. All statistical analyses were performed using SPSS software (version 21.0 for 

Windows; SPSS, Inc., Chicago, IL).
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Results

1. Baseline characteristics of the participants according to the presence of NAFLD 

status

The total of 6,240 subjects with prediabetes (mean age 50.71; range 18-85 years) were 

categorized into two subgroups according to the presence or absence of NAFLD status as 

follows: (1) subjects with NAFLD (n = 2830; 45.4%); (2) subjects without NAFLD (n = 3410; 

54.6%); The baseline characteristics of subjects according to subgroups are shown in Table 1. 

Overall, mean age was 50.71 ± 8.18 years and males predominated (73.6%). The mean BMI 

was 24.60 ± 2.78 kg/m2, and the percentage of overweight/obesity was 72.0%. The prevalence 

of NAFLD was 45.4% (2,830/6,240). Comparison of parameters among groups revealed that 

the NAFLD group had unfavorable body composition (higher BMI and WC; P < 0.001), higher 

glycemic levels (FPG and HbA1c; P < 0.001), adverse lipid profile (higher levels of total 

cholesterol, triglycerides, and LDL cholesterol and lower levels of HDL cholesterol), higher 

liver enzyme (AST and ALT; P <0.001), higher blood pressure (P < 0.001), and also higher 

creatinine levels (P < 0.001) than the group without NAFLD (Table 1). Moreover, compared

with those who did not have NAFLD, those with NAFLD had a higher prevalence of current 

smoking, current alcoholic drinking, overweight/obesity, and hypertension (P < 0.001, Table 

1). The subjects with NAFLD were more likely to be men (Table 1). The proportion of 

overweight/obesity was significantly higher in the NAFLD group than those who did not have 

NAFLD. The mean age was higher in the group without NAFLD (P = 0.049, Table 1).
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Table 1. Baseline Characteristics of Participant According to the presence of NAFLD status

NAFLD

Characteristics Yes (n = 2,830 ) No (n = 3,410 ) P Total (n = 6,240)

Mean ± Standard deviation

Age, (years) 50.49 ± 8.13 50.90 ± 8.22   0.049 50.71 ± 8.18

Height (cm) 168.46 ± 7.75 166.08 ± 8.15 < 0.001 167.16 ± 8.06

Weight (kg) 73.62 ± 10.21 65.18 ± 9.96 < 0.001 69.01 ± 10.91

BMI (kg/m2) 25.87 ± 2.57 23.54 ± 2.50 < 0.001 24.60 ± 2.78

HbA1c (%) 5.66 ± 0.36 5.58 ± 0.36 < 0.001 5.62 ± 0.36

FPG (mg/dL) 103.72 ± 8.75 101.43 ± 8.50 < 0.001 102.47 ± 8.69

Waist circumference (cm) 88.08 ± 6.96 80.66 ± 7.65 < 0.001 84.02 ± 8.22

SBP (mmHg) 123.22 ± 13.61 119.40 ± 14.11 < 0.001 121.13 ± 14.02

DBP (mmHg) 77.09 ± 8.80 74.21 ± 8.75 < 0.001 75.51 ± 8.89

Total cholesterol (mg/dL) 200.91 ± 33.63 192.74 ± 32.39 < 0.001 196.44 ± 33.21

Triglycerides (mg/dL) 176.92 ± 108.29 118.96 ± 63.81 < 0.001 145.24 ± 91.51

HDL cholesterol (mg/dL) 50.94 ± 11.31 58.68 ± 14.36 < 0.001 55.17 ± 13.62

LDL cholesterol (mg/dL) 131.60 ± 29.85 123.10 ± 28.63 < 0.001 126.96 ± 29.49

AST (IU/L) 27.41 ± 19.86 23.30 ± 10.43 < 0.001 25.16 ± 15.57

ALT, (IU/L) 31.62 ± 32.22 20.96 ± 16.60 < 0.001 25.80 ± 25.48

Creatinine (mg/dL) 0.93 ± 0.16 0.89 ± 0.17 < 0.001 0.91 ± 0.17
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Table 1. Continued

%

Gender < 0.001

Male 2351 (83.1) 2243 (65.8) 4594 (73.6)

Female 479 (16.9) 1167 (34.2) 1646 (26.4)

Current smoking < 0.001

Yes 1916 (67.7) 1777 (52.1) 3693 (59.2)

No 914 (32.3) 1633 (47.9) 2547 (40.8)

Current alcohol drinking < 0.001

Yes 1580 (55.8) 1618 (47.4) 3198 (51.3)

No 1250 (44.2) 1792 (52.6) 3042 (48.8)

Overweight/obesity < 0.001

Yes 2518 (89.0) 1975 (57.9) 4493 (72.0)

No 312 (11.0) 1435 (42.1) 1747 (28.0)

Hypertension < 0.001

Yes 1302 (46.0) 1107 (32.5) 2409 (38.6)

No 1528 (54.0) 2303 (67.5) 3831 (61.4)

BMI indicates body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; 

LDL cholesterol, low-density lipoprotein cholesterol; HDL cholesterol, high-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, 

alanine aminotransferase.
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2. Comparison of baseline characteristics according to the outcomes

The total of 6,240 subjects with prediabetes were categorized into two subgroups 

according to the outcomes as follows (1) subjects who developed diabetes (n = 505; 8.1%); (2) 

control groups (n = 5735; 91.9%); The baseline characteristics of subjects according to 

subgroups are shown in Table 2. Compared of the control group, subjects who developed 

diabetes were older and demonstrated higher BMI, WC, FPG, HbA1c, triglycerides, AST, ALT

and lower levels of HDL cholesterol (P < 0.001; Table 2). In addition, subjects who developed 

diabetes were significantly male dominant and had a higher percentage of current smoking, 

overweight/obesity, hypertension, and especially a higher percentage of NAFLD (P < 0.001; 

Table 2). The levels of blood pressure, total cholesterol, LDL-cholesterol, and creatinine did 

not differ among the groups. Also, the percentage of current alcohol drinking did not differ 

between the groups. (Table 2)
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Table 2. Comparison of baseline Characteristics According to Outcomes 

General Characteristics Diabetes (n = 505) Controls (n = 5735) P

Mean ± Standard deviation

Age (year) 52.08 ± 8.17 50.59 ± 8.17 < 0.001

Height (cm) 167.70 ± 7.61 167.11 ± 8.09 0.114

Weight (kg) 72.23 ± 10.78 68.73 ± 10.88 < 0.001

BMI (kg/m2) 25.60 ± 2.86 24.51 ± 2.76 < 0.001

HbA1c (%) 5.94 ± 0.32 5.59 ± 0.35 < 0.001

FPG (mg/dL) 109.69 ± 10.32 101.83 ± 8.23 < 0.001

Waist circumference (cm) 87.27 ± 7.87 83.74 ± 8.19 < 0.001

SBP (mmHg) 122.24 ± 14.12 121.04 ± 14.01 0.064

DBP (mmHg) 75.82 ± 8.92 75.49 ± 8.89 0.422

Total cholesterol (mg/dL) 197.35 ± 35.13 196.36 ± 33.04 0.521

Triglycerides (mg/dL) 173.54 ± 108.95 142.75 ± 89.40 < 0.001

HDL cholesterol (mg/dL) 51.05 ± 11.42 55.53 ± 13.74 < 0.001

LDL cholesterol (mg/dL) 128.21 ± 31.06 126.85 ± 29.35 0.320

AST (IU/L) 27.80 ± 14.78 24.93 ± 15.62 < 0.001

ALT (IU/L) 31.21 ± 23.38 25.32 ± 25.61 < 0.001

Creatinine (mg/dL) 0.92 ± 0.17 0.91 ± 0.17 0.052
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Table2. Continued

%

Gender < 0.001

Male 406 (80.4) 4188 (73.0)

Female 99 (19.6) 1547 (27.0)

Current smoking < 0.001

Yes 340 (67.3) 3353 (58.5)

No 165 (32.7) 2382 (41.5)

Current alcohol drinking 0.912

Yes 260 (51.5) 2938 (51.2)

No 245 (48.5) 2797 (48.8)

Overweight/obesity < 0.001

Yes 424 (84.0) 4069 (71.0)

No 81 (16.0) 1666 (29.0)

Hypertension < 0.001

Yes 234 (46.3) 2175 (37.9)

No 271 (53.7) 3560 (62.1)

NAFLD < 0.001

Yes 344 (68.1) 2486 (43.3)

No 161 (31.9) 3249 (56.7)
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Table 2. Continued

BMI indicates body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, hemoglobin 

A1c; LDL cholesterol, low-density lipoprotein cholesterol; HDL cholesterol, high-density lipoprotein cholesterol; AST, aspartate aminotransferase; 

ALT, alanine aminotransferase; NAFLD, nonalcoholic fatty liver disease.
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3. Incidence of diabetes according to NAFLD status

The incidence of diabetes in subjects with prediabetes according to baseline NAFLD 

status are shown in table 3. The incidence of diabetes in subjects with NAFLD was 12.156% 

(344/505), but that in subjects without NAFLD was 4.721% (161/3410). The total incidence 

was 8.093% (505/6240) for diabetes. Additionally, the corresponding incidence density was 

2.27 per 100 person-years in subjects with NAFLD and 1.38 per 100 person-years in subjects 

without NAFLD. The total corresponding incidence density was 1.88 per 100 person-years for 

diabetes. Subjects with NAFLD at baseline had a higher incidence of diabetes (Table 3).
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Table 3. Incidence of Diabetes According to NAFLD status

NAFLD

Yes (n = 2,830) No (n = 3,410) Total (n =6,240)

Diabetes

Number of incident cases 344 161 505

Incidence (%) 12.156 4.721 8.093

Total person-years 15,150.95 11,664.89 26,815.84

Incidence density

(per 100 person-years)
2.27 1.38 1.88
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4. Relative risks (RRs) of diabetes according to NAFLD and waist circumference changes 

Multivariate models for the development of diabetes in subjects with prediabetes 

(Table 4) showed that the presence of NAFLD was a significant independent risk factor. The 

participants with NAFLD had significantly increased RRs for diabetes incidence. The RRs of 

NAFLD for diabetes in subjects with prediabetes were 2.762 (95% CI, 2.291 to 3.331) in the 

crude model. Additionally, the adjusted RRs were 1.953 (95% CI, 1.365 to 2.794) after 

adjustments for age, smoking status, alcohol drinking status, BMI, WC, ALT, and hypertension. 

The total subjects were divided into three groups according to tertiles of WC changes: 

≤ 0.0 cm, 0 cm to 3.0 cm, and > 3.0 cm. Then, the corresponding RRs of NAFLD for diabetes

were calculated. The results showed that the RRs were closely related to WC changes. For 

those whose WC changes were ≤ 0.0 cm, the RRs were lower, and for those with increased 

waist circumference during the follow-up, the RRs were higher. The adjusted RRs for diabetes 

according to the three WC change groups were 1.953 (95% CI, 1.365 to 2.794), 1.996 (95% 

CI, 1.407 to 2.833), and 2.302 (95% CI, 1.598 to 3.314), respectively (Table 4).

When subgroups were divided into different three groups, that is, WC changes < -1.0 

cm, -1.0 to 1.0 cm, and > 1.0 cm, the corresponding RRs were similar and also closely related

to WC changes. The adjusted RRs of NAFLD for diabetes among those with WC changes 

were 1.924 (95% CI, 1.168 to 3.169), 2.066 (95% CI, 1.407 to 2.833), and 2.216 (95% CI, 

1.686 to 2.911) in categories < -1.0 cm, -1.0 to 1.0 cm, and > 1.0 cm, respectively (Table 5).
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Table 4. RRs and 95% CI of Diabetes According to NAFLD and Waist Circumference 

(WC) Changes (Tertile stratification)

Diabetes

RR (95% CI) P

Crude model

Total population 2.762 (2.291 - 3.331) < 0.001

WC change (cm)

≤ 0.0 2.394 (1.732 - 3.309) < 0.001

0.1 to 3.0 2.986 (2.116 - 4.118) < 0.001

> 3.0 2.797 (2.009 - 3.895 < 0.001

Adjusted model

Total population 2.181 (1.778 - 2.674) < 0.001

WC change (cm)

≤ 0.0 1.953 (1.365 - 2.794) < 0.001

0.1 to 3.0 1.996 (1.407 - 2.833) < 0.001

> 3.0 2.302 (1.598 - 3.314) < 0.001

Adjusted for age, smoking, drinking alcohol, BMI, WC, ALT, hypertension at baseline.
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Table 5. RRs and 95% CI of Diabetes According to NAFLD and Waist Circumference

(WC) changes

Diabetes

RR (95% CI) P

Crude model

Total population 2.762 (2.291 - 3.331) < 0.001

WC change (cm)

< -1.0 2.238 (1.429 - 3.505) < 0.001

-1.0 to 1.0 2.821 (1.973 - 4.033) < 0.001

> 1.0 2.910 (2.261 - 3.746) < 0.001

Adjusted model

Total population 2.181 (1.778 - 2.674) < 0.001

WC change (cm)

< -1.0 1.924 (1.168 - 3.169) 0.010

-1.0 to 1.0 2.066 (1.407 - 2.833) < 0.001

> 1.0 2.216 (1.686 - 2.911) < 0.001

Adjusted for age, smoking, drinking alcohol, BMI, WC, ALT, hypertension at baseline.
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5. RRs of diabetes according to NAFLD and BMI changes

According to the BMI changes, the total participants were divided into the tertile groups: 

< -0.35 kg/m2, -0.35 kg/m2 to 0.35 kg/m2, and > 0.35 kg/m2. Then the corresponding RRs of 

NAFLD for diabetes were calculated. When the baseline model was adjusted by age, smoking, 

alcohol drinking, BMI, WC, ALT, and hypertension, the RRs for diabetes were closely related to 

BMI changes. The adjusted RRs for diabetes were gradually increased according to the increased 

BMI changes: < - 0.35 kg/m2 (RR = 1.633, 95% CI = 1.121 - 2.380), - 0.35 kg/m2 to 0.35 kg/m2 

(RR = 1.995, 95% CI = 1.415 - 2.811), and > 0.35 kg/m2 (RR = 2.924, 95% CI = 2.053 – 4.165)

during the follow-up years, respectively (Table 6).
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Table 6. RRs and 95% CI of Diabetes According to NAFLD and BMI Changes (Tertile

stratification)

Diabetes

RR (95% CI) P

Crude model

Total population 2.762 (2.291 - 3.331) < 0.001

BMI change (kg/m2)

< -0.35 1.975 (1.404 - 2.779) < 0.001

-0.35 to 0.35 2.926 (2.133- 4.012) < 0.001

> 0.35 3.679 (2.672 - 5.067) < 0.001

Adjusted model

Total population 2.181 (1.778 - 2.674) < 0.001

BMI change (kg/m2)

< -0.35 1.633 (1.121 - 2.380) 0.011

-0.35 to 0.35 1.995 (1.415 - 2.811) < 0.001

> 0.35 2.924 (2.053 - 4.165) < 0.001

Adjusted for age, smoking, drinking alcohol, BMI, WC, ALT, hypertension at baseline.
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Discussion

In the present study, based on 6,240 Koreans with prediabetes, showed NAFLD at 

baseline was of higher risk for diabetes after adjusting for potential confounding factors in a

prediabetes, middle aged, Korean population. Additionally, the association was related to WC 

and BMI changes. Owing to unhealthy and westernized lifestyles, both NAFLD and diabetes

have shown an increasing prevalence in the past decade in Korea 10, 11) which was facing a 

series of health problems 12). Therefore, showing the relationship between NAFLD and

diabetes has critical importance and may enhance improvements in prevention and treatment 

of diabetes and subsequent cardiovascular events. This result would give early warning of 

diabetes and encourage taking early prevention to patients with NAFLD and other metabolic 

disorders.

NAFLD has become a hot research topic in recent years. Considering its function on 

hepatic insulin resistance and adverse effect on glucose metabolism, there were a series of 

studies focused on NAFLD and its relationship to diabetes 24). Additionally, NAFLD was not 

only the conventional hepatic form of metabolic syndrome, but it can be regarded as an early 

predictor of diabetes and other metabolic disorders. A cohort study involving 7,849 Korean 

adults showed that the HR of NAFLD for diabetes was 1.33 (95% CI, 1.1 to 1.7) 14). A 10-year

cohort study, based on 3,074 Japanese adults, showed that NAFLD was associated with 

diabetes incidence, and the OR was 2.37 (95% CI, 1.60 to 3.52) 25). However, one study based 

on 840 Japanese adults showed no statistically significant relationship between NAFLD and 

diabetes (RR, 1.85; 95% CI, 0.40 to 8.51) 26). In our study, we showed a positive relationship 

between NAFLD with prediabetes at baseline and future diabetes (RR, 2.181; 95% CI, 1.778

to 2.674). The possible explanations that RRs ranged from one-fold to five-fold may be 

attributed to the severity of NAFLD 27). However, most studies, including our research, came 

to the conclusion that NAFLD was associated with an increased risk of future diabetes

incidence. In the latest review about NAFLD and diabetes in 2018, researchers summarized 

19 published papers and provided evidence that there is a strong association between NAFLD 

and diabetes incidence, which is consistent with the results of this study 16). Overall, in the 19 
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observational cohort studies, there was HR 2.22 (95% CI 1.84 – 2.60) 16). Because most of the

previous studies focused on subjects without diabetes, this study filled the gaps of this 

relationship among subject with prediabetes. Furthermore, the results showed consistent 

conclusions, which means even in prediabetes patients with NAFLD, there are still positive 

correlations between NAFLD and diabetes.

In this study, we probed into the impact of WC changes on the relationship between 

NAFLD and diabetes in the subject with prediabetes. We found out that the RRs were closely

related to WC changes. In tertile stratification, for subjects who had the same or decreased 

WCs during the follow-up, the RRs were lower, and for those with increased WCs, the RRs 

were higher. [1.953; (95% CI, 1.365 to 2.794) vs. 1.996; (95% CI, 1.407 to 2.833) vs. 2.302; 

(95% CI, 1.598 to 3.314)]. The same trend was shown when subgroups were divided into 

different three groups. [1.924; (95% CI, 1.168 to 3.169) vs. 2.066; (95% CI, 1.407 to 2.833)

vs. 2.216; (95% CI, 1.686 to 2.911)]. This was in line with previous researches. A 9-year cohort 

study, based on 1,868 men and 1,939 women, all cardiometabolic factors showed significant 

trends that became worse with an increasing waist 28).

Moreover, we also probed into the impact of BMI changes on the relationship between 

NAFLD and diabetes in the subject with prediabetes. We found out that the RRs were closely

related to BMI changes. In tertile between BMIs, for those who had decreased BMI, the RRs 

were lower, and for those with increased BMI, the RRs were higher [1.633; (95% CI, 1.121 to 

2.380) vs. 1.995; (95% CI, 1.415 to 2.811) vs. 2.924; (95% CI, 2.053 to 4.165)]. This was also

in line with previous researches. A Japanese cohort study showed that there was a significant 

decrease of diabetes incidence in the BMI decrease group 25). A 5-year cohort study based on 

18,507 Chinese elderly showed that RRs of NAFLD for diabetes and prediabetes related to

BMI changes 29). Intervention studies showed that exercise would reduce the probability of 

diabetes among patients with NAFLD 30). However, the mechanism was not clear. Whether

BMI decrease improves the degree of hepatic steatosis, or BMI decrease has an effect on both 

NAFLD and diabetes, is difficult to strictly determine. Further cohort or intervention studies 

are required. Alternatively, although the mechanisms are unclear, we can still conclude that for 

NAFLD patients who had decreased BMI, the RRs were lower compared with those with 
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stable or even increased BMI. That information is what physicians would provide for the 

patients and take early weight control measures. 

This study has several strengths. First, all questionnaires and physical examinations 

were carried out according to a standard procedure and followed by trained doctors and nurses. 

Second, we analyzed the impact of WC and BMI changes in the relationship between NAFLD 

and diabetes. Because the study had a large sample, the subgroup analysis also had adequate 

statistical power. Additionally, the subgroup analysis showed clearly how BMI changes have

impacted the RRs of NAFLD with prediabetes for diabetes.

Also, there were several limitations in this study. First, we could not determine if 

subjects were representative of the general Korean population because participants were 

voluntarily recruited during routine health examinations, which might have introduced a 

selection bias. Second, the diagnosis of NAFLD was not through biopsy but through 

ultrasonography. However, in most guideline, liver biopsy not recommended but is also 

applicable with high sensitivity and specificity in all the participants 4). Third, as we could not 

obtain alcohol consumption history in a quantitative manner, it was impossible to differentiate 

alcoholic FLD and NAFLD. However, the relative contribution of alcohol consumption to the 

development of NAFLD remains controversial 31). Fourth, as the frequency of follow-up visits 

was not predetermined, the timing of detection of incident diabetes could be inaccurate. Fifth, 

we could not include the dietary habits as one of potential confounders in the development of 

incident type 2 diabetes in our adjusted models, as we did not collect it. This might lead to the 

inaccuracy in the estimated RRs for the incident type 2 diabetes. Finally, the lack of a 2-h oral 

glucose tolerance test might have resulted in the inclusion of subjects with undiagnosed type 

2 diabetes at baseline.

Despite the above limitations, our study included a large number of subjects with 

prediabetes and evaluated the risk of NAFLD for diabetes and the impact of WC and BMI 

changes in prediabetes.
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Conclusion

In conclusion, this study showed a strong, independent association between NAFLD 

with diabetes among prediabetes, middle-aged, Koreans. It also provides additional evidence 

that this relationship was closely related to WC and BMI changes. Early screening and 

intervention for NAFLD and/or prediabetes patients should be used, and early prevention

measures, including abdominal obesity and/or weight control to decrease future diabetes 

incidence and related disease burden, should be taken.
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국문요약

배경: 비알코올성 지방간질환과 당뇨전기는 당뇨병 발생의 위험인자로 잘 알려져

있다. 하지만 당뇨전기 환자에서 비알코올성 지방간질환이 있을 때 당뇨병 발생

에 대해서는 거의 연구된 바가 없다. 또한, 복부 둘레와 체질량지수 변화가 당뇨

병 발생에 미치는 영향에 대해서도 잘 알려지지 않았다. 따라서 본 연구에서 저

자들은 당뇨전기 환자에서 지방간질환과 당뇨병의 연관성 및 복부 둘레와 체질

량지수 변화가 미치는 영향을 알아보고자 하였다.

연구방법: 울산의대 서울아산병원 건강검진센터에서 건강검진을 시행한 6,240 명

의 당뇨전기 환자를 대상으로 하였다. 이들은 2007 년에 건강검진을 시행하였고,

2008 -2013 년에 적어도 1 회 이상 추적 검사를 시행하였다. 복부둘레 변화와 체질

량지수 변화에 따라 3 개의 군으로 분류하였다. 각 군에서 당뇨병 발생에 대한 비

알코올성 지방간질환의 상대위험도를 구하였다.

결과: 비알코올성 지방간질환의 유병율은 45.4% 이었으며, 비알코올성 지방간질

환이 있는 군에서 높은 체질량지수, 복부둘레, 당화혈색소 수치, 혈압, 혈중 지질

수지, 간수치를 보였다. 추적 검사 기간동안, 당뇨병의 총 발생율은 8.093% 였다.

비알코올성 지방간질환이 있는 대상자에서 높은 당뇨병 발생율을 보였으며, 당뇨

병 발생의 상대위험도는 2.181 (95% CI 1.778 - 2.674)로 유의하게 높았다. 또한, 상

대위험도는 복부둘레 변화와 연관되었는데, 복부둘레의 변화를 3 개의 군 (≤ 0.0 

cm, 0 cm - 3.0 cm, > 3.0 cm)으로 나누어 보았을 때, 각각의 상대위험도가 1.953 (95% 

CI, 1.365 - 2.794), 1.996 (95% CI, 1.407 - 2.833), 2.302 (95% CI, 1.598 - 3.314) 로 유의하

게 점차 높아졌다. 상대위험도는 체질량지수 변화 와도 연관되었는데, 체질량지

수의 변화를 3 개의 군 (< -0.35 kg/m2, -0.35 kg/m2 - 0.35 kg/m2, > 0.35 kg/m2)으로 나누

어 보았을 때, 각각의 상대위험도가 1.633 (95% CI, 1.121- 2.380), 1.995 (95% CI, 

1.415 - 2.811), 2.924 (95% CI, 2.053 - 4.165)로 역시 유의하게 점차 높아졌다.

결론: 당뇨전기 환자에서 비알코올성 지방간질환과 당뇨병 사이에 높고 독립적인

연관성이 있으며, 이는 복부 둘레와 체질량지수 변화와 밀접한 관련성이 있다.

중심단어: Nonalcoholic fatty liver disease, prediabetes, diabetes, waist circumference, Body 

mass index
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