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Association between the lean
nonalcoholic fatty liver disease
and risk of incident type 2
diabetes in a healthy population
of Northwest China: a
retrospective cohort study with
a 2-year follow-up period
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1Department of Endocrinology and Metabolism, the Hospital of Integrated Traditional Chinese
Medicine and Western Medicine of Karamay, Xinjiang, China, 2Department of Health Management
Center, West China Hospital, Sichuan University, Chengdu, Sichuan, China, 3Department of Health
Management Center, the Hospital of Integrated Traditional Chinese Medicine and Western Medicine
of Karamay, Xinjiang, China, 4Department of Endocrinology Metabolism, West China Hospital of
Sichuan University, Chengdu, China
Aims:We aimed to explore the metabolic features of lean nonalcoholic fatty liver

disease (Lean-NAFLD) and its association with the risk of incident type 2 diabetes

in young and middle-aged people.

Methods: We conducted a retrospective cohort study of 3001 participants who

were enrolled in a health check-up program from January 2018 to December

2020 in the Health Management Center of Karamay People’s Hospital. The age,

sex, height, weight, body mass index (BMI), blood pressure, waist circumference

(WC), fasting plasma glucose (FPG), lipid profiles, serum uric acid and alanine

aminotransferase (ALT) of the subjects were collected. The cutoff point of BMI for

lean nonalcoholic fatty liver disease is <25 kg/m2. A COX proportional hazard

regression model was used to analyze the risk ratio of lean nonalcoholic fatty

liver disease to type 2 diabetes mellitus.

Results: Lean NAFLD participants had many metabolic abnormalities, such as

overweight and obesity with nonalcoholic fatty liver disease. Compared with lean

participants without nonalcoholic fatty liver disease, the fully adjusted hazard

ratio (HR) for lean participants with nonalcoholic fatty liver disease was 3.83 (95%

CI 2.02-7.24, p<0.01). In the normal waist circumference group (man<90cm,

woman<80 cm), compared with lean participants without NAFLD, the adjusted

hazard ratios (HRs) of incident type 2 diabetes for lean participants with NAFLD

and overweight or obese participants with NAFLD were 1.93 (95% CI 0.70-5.35,

p>0.05) and 4.20 (95% CI 1.44-12.22, p<0.05), respectively. For excess waist

circumference (man≥90 cm, woman ≥80 cm) compared with lean participants

without NAFLD, the adjusted hazard ratios (HRs) of incident type 2 diabetes for
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lean participants with NAFLD and overweight or obese participants with

NAFLD were 3.88 (95% CI 1.56-9.66, p<0.05) and 3.30 (95% CI 1.52-7.14,

p<0.05), respectively.

Conclusion: Abdominal obesity is the strongest risk factor for type 2 diabetes in

lean nonalcoholic fatty liver disease.
KEYWORDS

nonalcoholic fatty liver disease, risk factor, type 2 diabetes, visceral fat obesity,
cohort study
1 Introduction

At present, NAFLD has become one of the most common liver

diseases affecting the health condition of adults and children in the

world (1, 2) and has brought a huge burden to the global health care

system. Approximately 25% of the global population is affected by

NAFLD, and Middle Eastern countries and South America have the

highest incidence of NAFLD in the world (3, 4). NAFLD is

characterized by the accumulation of more than 5% fat in

hepatocytes (5), which includes hepatic steatosis, steatohepatitis

and liver fibrosis, and further development of the lesions can lead to

cirrhosis and hepatocellular carcinoma (6) NAFLD is a multisystem

disease that increases the risk of type 2 diabetes mellitus (T2DM),

cardiovascular disease (CVD), some types of extrahepatic

malignancies, and chronic kidney disease (CKD), and the

magnitude of this risk parallels the severity of NAFLD (especially

the stage of liver fibrosis) (7, 8).

NAFLD is closely related to type 2 diabetes mellitus. NAFLD

and T2DM often coexist and act synergistically, increasing the risk

of hepatic and extrahepatic adverse clinical outcomes (1). T2DM is

also one of the strongest risk factors for faster progression of

NAFLD to nonalcoholic steatohepatitis, advanced fibrosis, or

cirrhosis (T2DM plays an important role in disease progression

to NASH, liver fibrosis, and cirrhosis). The global prevalence of

NAFLD in patients with T2DM was 55.5% (95% CI: 47.3-63.7) (9)

more than half of T2DM patients have been diagnosed with

NAFLD, and there is a strong correlation between them. Obesity,

physical inactivity and metabolic syndrome are common risk

factors (1, 10–12).

Nonalcoholic fatty liver disease (NAFLD) can be classified into

lean or nonoverweight obese (BMI < 25 kg/m2) and overweight

obese (BMI≥25 kg/m2) according to BMI (2, 13). A systematic

review and meta-analysis reported in 2020. The prevalence rates of

lean NAFLD and nonobese NAFLD in the general population are

5.1% and 12.1%, respectively. In the NAFLD population, lean

NAFLD and nonobese NAFLD accounted for 19.2% and 40.8%,

respectively (14). Studies have shown that not only overweight and

obese NAFLD may have liver and extrahepatic complications.

“Lean” or “nonobese” patients with nonalcoholic fatty

liver disease (NAFLD) also have hepatic and extrahepatic
02
complications, suggesting that metabolic phenotype is more

important than the clinical classification of body mass index in

the prognostic assessment of NAFLD (15). However, to date, the

characteristics of the lean NAFLD population are still unclear, and

there are still few studies on the prevalence and outcome of lean

nonalcoholic fatty liver disease based on race (16).

Studies have shown that there is a bidirectional interaction

between NAFLD and type 2 diabetes (12, 17). However, the direct

relationship between NAFLD and the incidence of type 2 diabetes is

still less studied, and the causal relationship between the two is still

unclear, especially the association between “lean” or “nonobese”

nonalcoholic fatty liver disease (NAFLD) and the incidence of type

2 diabetes. Further studies are needed (2) Compared with

overweight and obese NAFLD, the incidence of type 2 diabetes in

people with “lean” or “nonobese” nonalcoholic fatty liver disease is

also less studied worldwide, especially in China. This retrospective

cohort study was conducted to investigate the association between

lean nonalcoholic fatty liver disease (NAFLD) and the risk of type 2

diabetes mellitus (T2DM) in healthy people undergoing physical

examination in Karamay, Northwest China.
2 Materials and methods

2.1 Subjects (study design and
study participants)

In Karamay, Northwest China, the Xinjiang Oilfield Company

organizes a medical health checkup program for employees and

citizens every year. The medical examinations were carried out at

the Medical Examination Centre of Karamay People’s Hospital.

This study is a retrospective cohort study. Adults who underwent

annual physical examination in the Health Management Center of

Karamay People’s Hospital of Xinjiang from January 1, 2018, to

December 31, 2020, were selected as the study population. The

inclusion criteria were as follows: (1) Participants participated in the

annual physical examination (baseline examination) at the Health

Examination Center of Karamay People’s Hospital from January

2018 to December 2018. (2) Age ≥20 years, no history of diabetes.

(3) Participation in annual employee health check-ups in 2019 and
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2020. The exclusion criteria for subjects of study were as follows:(1)

Queer alcohol intake (male>30 g/day, female>20 g/day); (2)

Combined with viral hepatitis, drug-induced liver disease,

hepatolenticular degeneration, autoimmune liver disease and

other specific diseases that can lead to fatty liver; (3) Baseline

examination, fasting blood glucose ≥ 6.1 mmol/L; (4) Loss of

fasting blood glucose during baseline examination or physical

examination follow-up (5); Loss of abdominal ultrasound and

other parameter data during physical examination follow-up.

A total of 4085 people participated in the baseline examination

at the Health Examination Center of Karamay People’s Hospital in

2018 and the annual employee health examination follow-up in

2019 and 2020. Based on the inclusion and exclusion criteria, a total

of 3001 participants were included in the cohort analysis (see

Figure 1). This research project follows the Helsinki Declaration

and China’s clinical research management norms and regulations.

The research plan was approved by the Medical Ethics Committee

of Karamay People’s Hospital. Informed consent was obtained from

all participants.
2.2 Baseline data collection
and measurement

Sex, age, ethnicity, height, weight, BMI, blood pressure, waist

circumference and past medical history were collected by the

investigators. The subjects’ height and weight were measured in an

overnight-fasted state, shoes were removed, light clothes were worn,
Frontiers in Endocrinology 03
and the readings were accurate to 0.5 kg and 0.5 cm, respectively.

Body mass index (BMI) was calculated as body weight (kg) divided

by squared height (m2) (kg/m2). Waist circumference (WC) was

taken as the circumference of the midpoint line between the lowest

point of the rib and the upper edge of the iliac crest under normal

breathing conditions. Fasting blood glucose (FPG), alanine

aminotransferase (ALT), triglyceride (TG), total cholesterol (TC),

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

lipoprotein cholesterol (LDL-C) and blood uric acid (BUA) were

collected. The triglycerides and glucose index (TyG) were calculated

as ln (fasting TG (mg/dL) ×FPG (mg/dL)/2) (18).
2.3 Ultrasound examination and
diagnosis of NAFLD

Abdominal ultrasound examination was performed on subjects

using a color Doppler ultrasound diagnostic instrument E9 (GE

Company, USA) with a transduce of 3.5 MHz. All subjects were

diagnosed with fatty liver according to the results of ultrasound

examination. Inspectors of the clinical information of the subjects,

according to the subjects of liver tissue echoes, the differences between

the liver and right kidney and blood vessels of the structure of the

visibility diagnosis, ultrasonic tip liver frontcourt echogenicity (“bright

liver “), the far field echo attenuation, and the display are not clear, such

as structural characteristics of the intrahepatic duct in the exclusion of

alcohol, virus, autoimmune, drugs and other causes of fatty liver. The

by experienced sonographers (19, 20).
FIGURE 1

Flowchart of the present observational cohort study.
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2.4 Endpoint and diagnosis of
type 2 diabetes

The outcome event (study endpoint) was the onset of type 2

diabetes mellitus during the annual health check-up from 2019 to

2020. Survival was defined as the time from January 2019 to the date

of diagnosis of type 2 diabetes at physical examination and was

censored at the last follow-up physical examination in 2020 or at the

last follow-up physical examination in 2020 without diabetes.

Diabetes was diagnosed according to the 1999 World Health

Organization (WHO) criteria: diabetes mellitus, fasting blood

glucose ≥7.0 mmol/L, oral glucose tolerance test (OGTT) 2-hour

postprandial blood glucose (2hPG) ≥11.1 mmol/L, or self-reported

use of hypoglycemic drugs. Prediabetes: 6.1 mmol/L ≤ fasting

glucose ≤7.0 mmol/L is impaired fasting glucose (IFG), and 7.8

mmol/L ≤2 hPPG ≤ 11.1 mmol/L is impaired glucose tolerance

(IGT). Normal blood glucose: fasting blood glucose ≤6.1 mmol/L

and OGTT 2hPPG ≤ 7.8 mmol/L (21).
2.5 the category used to define BMI and
WC groups of NAFLD

The 3,001 participants were divided into four groups based on

whether they were overweight/obese and NAFLD. The four groups

were non-overweight/obese group without NAFLD (n = 1398),

non-overweight/obese group with NAFLD (n = 160), overweight or

obese group without NAFLD (n = 758), overweight or obese group

with NAFLD (n = 685). BMI ≥ 25kg/m2 was defined as overweight/

obese. WC≧ 90 cm in men,and WC≧≥ 80 cm in women was

defined as abdominal obesity (22).
2.6 Statistical analysis

Excel 2007 was used to establish the database and manage the

data, double input the data and correct the errors. SPSS 22.0

statistical package (IBM, Armonk, New York) was used for data

processing for all statistical analyses. A normality test was

performed on continuous variables of measurement data.

Measurement data with a normal distribution are expressed as

the mean ± standard deviation (x±s), and continuous data with a

skewed distribution are expressed as the median and interquartile

range (IQR). The Kruskal−Wallis H test or Mann−Whitney U test

was used for comparisons among groups. Categorical variables are

expressed as percentages. The chi-square test was used to compare

categorical variables. The 3001 participants were divided into four

groups based on the presence or absence of overweight and NAFLD.

Taking lean subjects without NAFLD as the reference group

(compared with lean subjects without NAFLD), a COX

proportional hazards regression model was used to analyze

overall overweight (or obesity) without NAFLD, lean with

NAFLD and overweight (or obesity) with NAFLD, and

abdominal obesity (WC ≥ 90 cm in men and ≥ 80 cm in women)

and nonabdominal obesity subgroups were associated with the risk
Frontiers in Endocrinology 04
of type 2 diabetes, and their hazard ratios and 95% confidence

intervals were calculated. Hazard ratios (HRs) with 95% confidence

intervals (CIs) for the incidence of diabetes were calculated for each

study phenotype using Cox proportional-hazard regression models,

with lean subjects without NAFLD as the reference group. The

Kaplan−Meier method was used for survival analysis to draw the

risk function curves of the above four categories of type 2 diabetes,

and the log-rank test was performed to compare whether there was

a difference in the risk of type 2 diabetes among the four groups.

The Stata 17.0 was used to plot the figure of cumulative hazard

estimates. The difference was statistically significant with a P value

of <0.05 (two-tailed).
3 Results

3.1 Baseline clinical characteristics
of subjects

A total of 3001 subjects were enrolled in the study. The average

age of these people was 43 (34-49) years. The BMI was 24.84(22.55-

27)kg/m2, and there were 2255 men (75.1%) and 746 women. Of

these, 845 had nonalcoholic fatty liver disease, while 2156 subjects

had no NAFLD. A total of 81.1% of those with nonalcoholic fatty

liver disease were overweight or obese, and 35.2% of those without

NAFLD were overweight or obese. The number of subjects with

lean nonalcoholic liver was 160, and the average BMI of these

subjects was 23.86(23.05-24.48)kg/m2. The number of subjects with

overweight or obesity with nonalcoholic liver was 685, and the

average BMI of these subjects was 28.65 (26.96-30.88)kg/m2. In

both the overweight (or obesity) with NAFLD group and the lean

with NAFLD group, the baseline levels of fasting blood glucose,

triglycerides, total cholesterol, low-density lipoprotein cholesterol,

alanine aminotransferase, blood uric acid and TyG index were

higher than those of any group without NAFLD, while the high-

density lipoprotein cholesterol was lower than that of any group in

the without NAFLD group (Table 1).
3.2 Incidence of type 2 diabetes in subjects
with or without NAFLD

The follow-up period was 104 weeks (2.0 years). The results are

shown in Table 2. The incidence rate of T2DM was 1.72% (24/1398)

in the nonoverweight without NAFLD group, 11.88% (19/160) in

the nonoverweight with NAFLD group, 5.01% (38/758) in the

overweight without NAFLD group and 12.70% (87/658) in the

overweight with NAFLD group. The number of participants with

incident T2DM was larger in the NAFLD group than in the non-

NAFLD group. The risk rate of type 2 diabetes was higher in the

nonalcoholic fatty liver group than in the non-NAFLD group. In the

case of unadjusted age, sex and other risk factors, the subjects in

the lean with NAFLD group and overweight or obese with NAFLD

group had HRs of 7.23 (95% confidence interval (CI) 3.96–13.20)

and 7.77 (95% confidence interval (CI) 4.95–12.21), respectively, for
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TABLE 2 Subgroup analysis of the Cox proportional hazard model for the incidence of type 2 diabetes from the 3001 subjects with NAFLD and the
subjects without NAFLD.

Grouping of subjects No of subjects No of subjects
Who developed diabetes (%)

Hazard Ratio (95% CI)

Model 1 Model 2

Lean without NAFLD 1398 24(1.72) 1 1

Over weight (or obesity) without NAFLD 758 38(5.01) 2.97(1.78-4.95) ** 1.80 (1.05–3.08) *

Lean with NAFLD 160 19(11.88) 7.23(3.96–13.20) ** 3.83(2.02-7.24) **

Over weight (or obesity) with NAFLD 685 87(12.70) 7.77(4.95–12.21) ** 3.84(2.28-6.47) **
F
rontiers in Endocrinology
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Model 1 Risk factors were unadjusted; Model 2 adjusted for age, sex, TC, LDL-C, HDL-C, SBP, DBP, ALT, BUA, and TyG index.
NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; TC, total cholesterol; LDL-C. low density lipoprotein cholesterol: HDL-C. High-density lipoprotein cholesterol; SBP, systolic blood
pressure; DBP, diastolic blood pressure; ALT, alanine aminotransferase; BUA, blood uric acid; TyG index, a product of triglyceride and fasting glucose; *p<0.05; **p<0.001, by chi-square test.
TABLE 1 Comparison of baseline characteristics of four groups from the subjects with NAFLD and the subjects without NAFLD.

Parameters Total Lean without
NAFLD

Over- weight/Obesity
without NAFLD

Lean with
NAFLD

Over- weight/Obesity
with NAFLD

H/X2 P
value

Number of
subjects

3001 1398 758 160 685

Age(year) 43(34-49) 42(33-48) 45(36-51) 45(36-50) 41(34-49) 45.477 <0.001

Male, N (%) 2255(75.1%) 875(62.6%) 626(82.6) 136(85.0%) 618(90.2%) 232.1 <0.001

BMI(kg/m2 ) 24.84(22.55-
27.46)

22.43(20.81-23.70) 26.84(25.81-28.40) 23.86(23.05-
24.48)

28.65(26.96-30.88) 2296.922 <0.001

Waist
circumference
(cm)

89(81-96) 80.00(74.00-87.00) 94.00(89.00-99.00) 88.00(84.00-
92.00)

99.00(93.00-104.00) 1641.133 <0.001

SBP (mmHg) 124.0(114.0-
136.0)

120.00(109.00-
129.00)

127.00(117.00-137.00) 128.50(116.00-
137.00)

132.00(121.00-143.50) 331.834 <0.001

DBP (mmHg) 77.0(69.3-
87.0)

73.00(66.00-81.00) 80.00(72.00-88.00) 78.50(72.75-
88.00)

84.00(75.00-92.00) 325.173 <0.001

FBG (mmol/
L)

5.37(5.14-
5.73)

5.32(5.10-5.60) 5.38(5.18-5.74) 5.49(5.16-5.90) 5.47(5.18-5.92) 79.428 <0.001

TC (mmol/L) 4.57(3.92-
5.19)

4.44(3.83-5.03) 4.56(3.99-5.20) 4.79(4.00-5.42) 4.83(4.16-5.45) 64.978 <0.001

HDL-C
(mmol/L)

1.28(1.08-
1.54)

1.45(1.22-1.73) 1.23(1.05-1.44) 1.19(1.03-1.45) 1.10(0.94-1.25) 561.377 <0.001

LDL-C(mmol/
L)

3.02(2.50-
3.58)

2.86(2.40-3.45) 3.05(2.56-3.61) 3.185(2.68-
3.76)

3.25(2.70-3.80) 93.608 <0.001

TG (mmol/L) 1.42(0.97-
2.15)

1.10(0.81-1.58) 1.50(1.10-2.17) 1.83(1.37-2.51) 2.12(1.51-3.01) 614.575 <0.001

ALT (U/L) 23.0(16.0-
33.0)

18.0(13.0-15.0) 23.0(17.0-32.0) 30.50(22.0-
41.75)

35.0(25.0-53.0) 705.754 <0.001

BUA (µmol/L) 334.0(276.0-
394.0)

298.0(248.0-354.0) 342.0(291.0-397.0) 363.5(313.25-
419.0)

387.09(335.5-444.0) 519.812 <0.001

TyG index 5.59(5.20-
6.05)

5.33(5.01-5.690) 5.67(5.31-6.08) 5.90(5.55-6.26) 6.04(5.66-6.42) 649.744 <0.001
frontie
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TGs, triglycerides; TC, total cholesterol; HDL-c, high-density lipoprotein
cholesterol; LDL-c, low-density lipoprotein cholesterol; ALT, alanine aminotransferase; BUA, blood uric acid; TyG index, a product of triglycerides and fasting glucose. The continuous data were
expressed as median and interquartile range (IQR). Kruskal-Wallis H test or Mann-Whitney U test was used for comparison between groups. The categorical variables are expressed as
percentages. Chi-square test was used to compare categorical variables.
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the development of diabetes compared with those in the lean

without NAFLD group. After adjusting for the above risk factors,

the subjects in the lean with NAFLD group and overweight or

obesity with NAFLD group had HRs of 3.83 (95% confidence

interval (CI) 2.02-7.24) and 3.84 (95% confidence interval (CI)

2.28-6.47), respectively, for the development of diabetes compared

with those in the lean without NAFLD group (p<0.001). The results

suggested that the risk of developing type 2 diabetes was similar in

the two groups.
3.3 The cumulative hazard ratios of
incident T2DM and the results of
Kaplan−Meier survival analysis

The cumulative hazard ratios of incident T2DM are indicated in

Figure 2. Univariate COX regression results according to the

presence or absence of nonalcoholic fatty liver disease and

overweight or obesity groups showed that both NAFLD and

overweight/obesity were significantly associated with an increased

risk of incident T2DM. Lean subjects without NAFLD were taken as

the reference group, and the Logran method was used to compare

the differences in the distribution of “survival” (pairwise

comparisons of differences in the incidence of type 2 diabetes)

among the four groups. The incidence of type 2 diabetes was the

same in the lean with NAFLD group and the overweight/obesity

with NAFLD group (3.83 vs 3.84, p=0.778). The incidence of type 2

diabetes was significantly different among the other groups,

p<0.01 (Table 3).
3.4 Results of COX regression subgroup
analysis of lean nonalcoholic fatty liver
disease and risk of T2DM

According to the level of waist circumference, the study

population was divided into a normal waist circumference group
Frontiers in Endocrinology 06
(man<90 cm, woman<80 cm) and an excessive waist circumference

group (man≥90 cm, woman≥80 cm). In the normal waist

circumference group, the lean without NAFLD group was used as

the reference group. After adjusting for risk factors such as age, sex

and blood pressure, the overweight or obesity without NAFLD

group and lean with NAFLD group had a risk of type 2 diabetes of

0.60 (0.14-2.66) and 1.93 (0.70-5.35), respectively (p>0.05), and the

overweight or obesity with NAFLD group had a risk of type 2

diabetes of 4.20 (1.44-12.22), p<0.01, while in the excessive waist

circumference group. After adjusting for risk factors such as age, sex

and blood pressure, the lean without NAFLD group was taken as

the reference group. The lean with NAFLD group and overweight

(or obesity) with NAFLD group had a risk of type 2 diabetes of 3.88

(1.56-9.66) and 3.3 (1.52-7.14), respectively (p<0.01), while the

overweight or obesity without NAFLD group had a risk of type 2

diabetes of 1.80 (0.82-3.93), p>0.05 (Table 4).
4 Discussion

In our present study, among 3001 eligible participants, 28.16%

hadNAFLD, and 5.33%had leanNAFLD. In theNAFLDpopulation,

18.93% had lean NAFLD. The detection rate of NAFLD was 10.27%

in those with BMI<25 kg/m2 and 45.6% in those with BMI ≥ 25 kg/

m2. Our results are similar to those of previous studies. In a recent

study from the United States, Zou B et al. found that the overall

prevalence of NAFLD was 32.3%. Among patients with NAFLD,

29.7% were nonobese, and 13.6% had lean NAFLD (23). A large

meta-analysis covering 84 studies worldwide showed that 19.2% of

the subjects in the NAFLD population were lean, 40.8% were

nonobese, and the prevalence of nonobese NAFLD and lean

NAFLD was 12.1% and 5.1%, respectively (14). ShiY et al. reported

a meta-analysis of 55,936 lean/nonobese subjects, and the total

prevalence of NAFLD in lean and nonobese subjects was 10.2%

and 15.7%, respectively (24). Zou ZY et al. reported an overall

prevalence of NAFLD of 14.5% in a meta-analysis that included

155,846 nonobese participants (25). The prevalence of lean NAFLD

increased between 1988 and 2017. Results of a meta-analysis of 33

observational studies involving 205,307 individuals from 14

countries. The global prevalence of lean NAFLD was 4.1% (95%

CI: 3.4-4.8%). Among lean subjects, the prevalence of NAFLD was

9.7% (95% CI: 7.7-11.8%), and Asians had the highest prevalence of

lean NAFLD (4.8%, 95% CI: 4.0-5.6%) (26). Table 1 shows that both

overweight and obese NAFLD and lean NAFLD have much higher

metabolic characteristics than those without NAFLD, and the risk of

metabolic diseases is correspondingly increased

Among the 4 groups in the present study, the lean with NAFLD

group had the oldest average age and male predominance (85.0%).

BMI and waist circumference were higher than those in the lean

without NAFLD group, and fasting blood glucose was the highest.

Systolic blood pressure, serum total cholesterol, low-density

lipoprotein, triglyceride and blood uric acid levels were also

higher than those in the non-NAFLD group, and high-density

lipoprotein was lower than those in the non-NAFLD group. The

results of this study showed that the metabolic index value level of

the lean with NAFLD group was basically the same as that of the
FIGURE 2

The cumulative hazard ratios of incident T2DM in different groups.
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overweight (or obesity) with NAFLD group, which was the same as

the results of other similar studies (13, 27).

Insulin resistance (IR) is not only the main pathogenesis of

obese nonalcoholic fatty liver disease but also plays a key role in the

pathogenesis of lean NAFLD (28). Studies have shown that the

triglycerides and glucose index (TyG index) could be a reliable

surrogate index for IR (18, 29), and the results of this study

suggested that the insulin resistance level of people with lean

NAFLD was higher than that of lean without NAFLD and

overweight (or obesity) without NAFLD and was slightly lower

than that of those with overweight (or obesity) with NAFLD. Our

study suggests that insulin resistance plays an important role in the

pathogenesis of lean fatty liver disease and type 2 diabetes mellitus.

To date, there are few studies on the association between lean

fatty liver and the risk of type 2 diabetes, and the definition of lean

fatty liver is based on BMI<25.0 kg/m2 or <23.0 kg/m2 without waist

circumference stratification. Fukuda T and his colleagues had

shown that ‘A cutoff point of BMI 23 kg/m2 was used to define

overweight (≥23.0 kg/m2) or nonoverweight (<23.0 kg/m2). This

was a population-based retrospective cohort study of 4629
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participants who were enrolled in a health check-up program for

a mean follow-up of 12.8 years. The adjusted hazard ratios for

incident T2DM compared with the nonoverweight without NAFLD

group were as follows: 3.59 (95% CI: 2.14–5.76) in the

nonoverweight with NAFLD group, 1.99 (95% CI: 1.47–2.69) in

the overweight without NAFLD group and 6.77 (95% CI: 5.17–8.91)

in the overweight with NAFLD group. The adjusted hazard ratio in

the nonoverweight with NAFLD group was significantly higher

than that in the overweight without NAFLD group or that in the

nonoverweight without NAFLD group (30). Another cohort study

from the Japanese Physical Examination Population Database

(JPEPD) with an average follow-up of 6 years showed that after

adjusting for confounding factors, the fully adjusted HR (95% CI)

for incident diabetes in lean NAFLD vs lean without NAFLD

patients was 2.58 (95% CI: 1.68 -3.97) in the study population as

a whole or in subgroups stratified by sex, and the risk of type 2

diabetes was the same for lean and overweight or obese with

NAFLD (31).

In our study, lean nonalcoholic fatty liver was defined as a BMI

of less than 25.0 kg/m2. If waist circumference was not stratified,
TABLE 3 Log rank (Mantel−Cox) test results of paired comparisons.

Grouping of subjects
N1 N2 N3 N4

X2-value P-value X2-value P-value X2-value P-value X2-value P -value

N1 19.097 .000 56.323 .000 111.138 .000

N2 19.097 .000 10.699 .001 26.583 .000

N3 56.323 .000 10.699 .001 .079 .778

N4 111.138 .000 26.583 .000 .079 .778
fro
N1, lean without NAFLD; N2, overweight (or obesity) without NAFLD; N3, lean with NAFLD; N4, overweight (or obesity) with NAFL.
TABLE 4 Rates of incident and hazard ratio of type 2 diabetes based on waist circumference of the 3001 subjects with NAFLD and the subjects
without NAFLD.

By waist circumference, No of subjects No of subjects
who developed diabetes (%)

Hazard Ratio (95% CI)

Model 1 Model 2

Normal waist circumference
(man<90 cm, woman<80 cm)

Lean without NAFLD 1099 16(1.46) 1 1

Over weight (or obesity) without NAFLD 139 2(1.44) 0.99(0.23-4.30) # 0.60 (0.14-2.66) #

Lean with NAFLD 78 7(8.97) 6.35(2.61-15.44) ** 1.93(0.70-5.35) #

Over weight (or obesity) with NAFLD 44 5(11.36) 8.08(2.96-22.07) ** 4.20(1.44-12.22) *

Excess waist circumference
(man≥90 cm, woman≥80 cm)

Lean without NAFLD 298 8(2.68) 1 1

Over weight (or obesity) without NAFLD 619 36(5.82) 2.21(1.03-4.74) * 1.80(0.82-3.93) #

Lean with NAFLD 82 12(14.63) 5.70(2.33-13.95) ** 3.88(1.56-9.66) *

Over weight (or obesity) with NAFLD 641 82(12.79) 5.0(2.42-12.34) ** 3.30(1.52-7.14) *
Model 1 Risk factors were not adjusted; Model 2 adjusted for age, sex, TC, LDL-C, HDL-C, SBP, DBP, ALT, BUA, and TyG index.
NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; TC, total cholesterol; LDL-C. Low-density lipoprotein cholesterol: HDL-C, high-density lipoprotein cholesterol; SBP, systolic
blood pressure DBP, diastolic blood pressure; ALT, alanine aminotransferase; BUA, blood uric acid; TyG index, a product of triglyceride and glucose index; #p>0.05; *p<0.01; **p<0.001, by chi-
square test.
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after adjusting for related risk factors, compared with nonalcoholic

fatty liver with BMI<25.0 kg/m2. The adjusted hazard ratios for

incident T2DM were 3.83 (2.02-7.24) in the lean with NAFLD

group, 1.80 (1.05–3.08) in the overweight or obesity without

NAFLD group and 3.84 (2.28-6.47) in the overweight or obesity

with NAFLD group. Lean nonalcoholic fatty liver group than in the

study of the risk of type 2 diabetes in the Japanese population is

higher, the reason is that we study the lean nonalcoholic fatty liver

disease in cutting point than their high, but lean nonalcoholic fatty

liver disease group and overweight fuelling nonalcoholic fatty liver

disease is the same risk for type 2 diabetes (3.83 vs3.84). After

stratification by waist circumference, this study found that in the

normal waist circumference group, compared with the BMI<25.0

kg/m2 and nonalcoholic fatty liver groups, the hazard ratio of type 2

diabetes in the lean nonalcoholic fatty liver group was 1.93 (0.70-

5.35, P>0.05) after adjusting for related risk factors. In the

overweight waist circumference group (abdominal obesity group),

the risk ratio of type 2 diabetes in the lean nonalcoholic fatty liver

group was 3.88 (1.56-9.66), P<0.05. The results of this study showed

that overweight nonalcoholic fatty liver disease is an independent

risk factor for type 2 diabetes in the presence of a normal waist

circumference, while lean nonalcoholic fatty liver disease is not an

independent risk factor for type 2 diabetes. The high incidence of

type 2 diabetes in people with lean nonalcoholic fatty liver disease

may be due to the higher level of insulin resistance, higher blood

lipid levels, and different degrees of steatohepatitis in this group.

In the presence of excess waist circumference (abdominal obesity),

lean nonalcoholic fatty liver disease was an independent risk factor for

type 2 diabetes, and the risk of type 2 diabetes was slightly higher than

that of overweight and obese nonalcoholic fatty liver disease (3.88 vs

3.30). In abdominal obesity, there is an increase in visceral fat, which is

a major source of free fatty acids and inflammatory cytokines.

Increased levels of visceral fat can lead to insulin resistance and type

2 diabetes. Feng RN et al. found that abdominal obesity was closely

related to type 2 diabetes in Chinese adults (32). NAFLD is strongly

associated with the pathogenesis of type 2 diabetes mellitus. NAFLD is

a multisystem disease characterized by “ectopic fat accumulation” in

the liver, leading to a series of pathophysiological manifestations.When

hepatic fat accumulation occurs, long-chain fatty acids (LCFAs) and

triglycerides 3-phosphate (derived from glycolysis) form

monoacylglycerol, diacylglycerol (DAG), and triacylglycerol (TAG)

within hepatocytes. Lipid synthesis can increase the production of

intermediates, such as diacylglycerol DAG, dipalmitoyl phosphate (Di-

P PA), and other lipid products, such as ceramides. Increased

production of these lipid products, especially DAG, leads to

“resistance” within the hepatic insulin signaling pathway, and

ceramide inhibits distal insulin signaling, which is also a mediator of

inflammation and oxidative stress. In addition, liver fat accumulation

can secrete hepatokines, which affect the insulin signaling pathway and

subclinical inflammation, cause hepatic/peripheral insulin resistance

and promote liver inflammation (33, 34). NAFLD often coexists with

metabolic syndrome (MS) or predisposes patients to metabolic

diseases. Therefore, the 2020 International Panel of Experts

recommended that NAFLD be renamed metabolically associated

fatty liver disease (MAFLD). The diagnostic criteria of MAFLD are

based on histological (liver biopsy), abdominal imaging, and blood
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biomarker evidence of hepatic fat accumulation (hepatocellular

steatosis). Combined with one of the following three conditions:

overweight/obesity, type 2 diabetes mellitus and at least two risk

factors for metabolic abnormalities (35), MAFLD is prone to develop

into type 2 diabetes mellitus. According to the diagnostic criteria of

MAFLD, overweight/obese fatty liver can be diagnosed asMAFLD, and

lean fatty liver combined with risk factors for metabolic abnormalities

also belongs to MAFLD. Ye JZ et al. conducted cohort cluster analysis

on the MAFLD population and found that the high abdominal

circumference cluster has a higher risk of T2DM and CVD after

long-term follow-up, and its pathogenesis is related to the high waist

circumference population often accompanied by hyperfree lipasemia

and hyperinsulinemia (36).

This study also confirmed that the risk of type 2 diabetes in

NAFLD patients with abdominal obesity was significantly higher

than that in NAFLD patients with normal waist circumference,

regardless of BMI. According to previous studies and the results of

this study, regardless of whether it is MAFLD or not, the risk of type

2 diabetes in lean nonalcoholic fatty liver disease is similar. If

NAFLD is MAFLD, whether it is lean nonalcoholic fatty liver

disease or nonlean nonalcoholic fatty liver disease, it has a high

risk of type 2 diabetes. BMI-driven approaches for NAFLD should

be replaced by better diagnostic tools emphasizing the assessment of

metabolic disorders and advanced liver fibrosis (16). It should be

explored which clinical manifestations and outcomes of lean

NAFLD meet the criteria for MAFLD and which do not.

There are several limitations of our study. As this study subjects

were from healthy people undergoing physical examination, most

of them were young and middle-aged people under 60 years old, so

the correlation between lean elderly nonalcoholic fatty liver disease

and the risk of type 2 diabetes was not covered in this study. Second.

Due to the small number of women in the study population, this

study was not conducted according to gender classification. Third.

It is a single-center retrospective cohort study with a short follow-

up period for the study population. In the future, a prospective

multicenter cohort study with a longer follow-up period and a

larger sample size is needed to strengthen the verification of the

results. Fourth. For the reason of health examination, the glucose

tolerance test was not used to exclude patients with type 2 diabetes

during the baseline survey in this study. Therefore, a very small

number of patients with impaired glucose tolerance with fasting

blood glucose <6.1 mmol/L may participate in the follow-up study,

but we believe that this has no significant impact on the study

results. Fifth. Considering the short follow-up time of the present

study, smoking, a small amount of alcohol consumption and

exercise have little influence on the risk of type 2 diabetes, so the

lifestyle data of smoking, alcohol consumption and exercise were

not collected when the baseline data were collected.
5 Conclusion

The results of this study showed that abdominal obesity was a

stronger risk factor for type 2 diabetes than overweight/obesity, with

BMI ≥ 25 kg/m2 as the cutoff point in nonalcoholic fatty liver

disease. In waist circumference normal young and middle-aged
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people, lean nonalcoholic fatty liver disease (BMI < 25.0 kg/m2) is

not an independent risk factor for type 2 diabetes. In the abdominal

obesity population, lean nonalcoholic fatty liver disease is an

independent risk factor for type 2 diabetes and causes the risk of

type 2 diabetes and overweight fueling nonalcoholic fatty liver

disease to be the same. The risk of lean nonalcoholic fatty liver

disease in type 2 diabetes mellitus is affected by the number of risk

factors for metabolic abnormalities; among them, the most

important factor is abdominal obesity. It is of great significance to

classify nonalcoholic fatty liver disease into metabolic fatty liver

disease and classify its management and treatment according to the

risk factors for type 2 diabetes mellitus, cardiovascular and

cerebrovascular diseases and malignancy, as well as cluster risk

factors for the prevention and treatment of nonalcoholic fatty liver

disease complications.
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