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NAFLD: a multisystem disease

Adams LA et al. Gut, 2017



Prevalence of NAFLD in patients with 

diabetes

Known to be 50~75% in different ethnic groups

Lonardo A et al. Dig Liver Dis, 2015

533/939 (56.9%) patients with type 2 diabetes



Prevalence of diabetes in subjects with hepatic 

steatosis in an urban population in USA: 

− In 2287 subjects from Dallas Heart 

Study

− Hepatic TG content measured by H-

NMR spectroscopy

Browning JD et al. Hepatology, 2004

18%

Prevalence of T2DM or IFG is 

18~33% in patients with NAFLD



NAFLD as the risk factor for T2DM



NAFLD and diabetes: bad but intimate 

friends to each other? 

Anstee et al. Nat Rev Gastroenterol Hepatol, 2013

 Convincing evidence suggesting that NAFLD often precede the development of T2DM

 Conventional paradigm of NAFLD representing as the simple “hepatic manifestation” of MS 

is outdated..

 NAFLD regarded as an early predictor and determinant for development of diabetes



Risk of diabetes in NAFLD: Meta-analysis 

result

NAFLD defined by USG

2-fold increase in diabetes risk in subjects with NAFLD

Ballestri S et al. J Gastroenterol Hepatol, 2016

NAFLD defined by ALT elevation

1.97 1.86



Retrospective or prospective cohort studies examining 

NAFLD as a risk factor for incident type 2 diabetes

1.6~6.8-fold increase

Adams LA et al. Gut, 2017



Fatty live as an independent risk factor ofr

development of T2DM in Korean adults

In5,372 non-diabetic participants in health promotion center in Asan Medical Center 

in whom health checkup performed in 5 years’ interval

Kim CH et al. Diab Med, 2008



Interrelationship between fatty liver and 

insulin resistance in development of T2DM

In 11,091 Koreans in KSHS in whom health checkup performed in 5 years’ interval

Sung KC et al. JCEM, 2011



Resolution of fatty liver and risk for incident 

diabetes

• In 13,218 non-diabetic participants in KSHS

• Incident diabetes assessed 5 years follow-up

• Divided into groups according to FL status at baseline and 5 years after 

Sung KC et al. JCEM, 2013



Incident association between improvement of 

NAFLD and reduced incidence of T2DM

In 4,604 participants in health checkup  twice with > 10 years interval

Yamazaki H et al. Diabetes Care, 2015

The risk of NOD diminish over time following the improvement or resolution of NAFLD



Combined influence of IR, overweight/obesity 

and fatty liver as risk factor for type 2 diabetes

In 12,853 non-diabetic participants in KSHS; IR, weight and fatty liver by USG

• Those with IR, overweight/obesity and fatty liver separately doubled the risk 

of type 2 diabetes

• When these three occurred together, the risk increased 14-fold!!!

Sung KC et al. Diabetes Care, 2012



Combined effect of NAFLD and IFG on 

development of T2DM

In 7,849 subjects without diabetes; annual check-up for 5 years

Bae JC et al. Diabetes care, 2011

Compared with those without IFG and NAFLD, those with IFG and NAFLD showed 

9-fold increased risk for T2DM !!



Additive effect of NAFLD on the development 

of diabetes in individuals with MetS

In7,849 participants in KSHS in whom health checkup was performed in 5 consecutive 

years

Bae JC et al. DRCP, in press



The persistence of fatty liver status is important factor for 

an independent association between NAFLD and incident 

diabetes 

In 7,849 on-diabetic participants in KSHS in whom annual health checkup was 

performed in 5 consecutive years

Presence of NAFLD during study perioda

Variable
Never

NAFLD

Intermittent

NAFLD

Continuous NAF

LD

No. of subjects 4,181 2,285 1,383

No. of subjects who developed diabetes (%) 127 (3.0) 134 (5.9) 174 (12.6)

Person-years of follow-up 16,585 9,029 5,321

Incident cases of DM per 1000 person-years(n) 7.7 14.8 32.7

Adjusted hazard ratio (95% CI)

Age and sex 1 1.81 (1.41-2.32) 3.98 (3.12-5.02)

0.55 (0.43-0.71) 1 2.18 (1.74-2.74)

Multi variables 1 0.98 (0.74-1.29) 1.55 (1.16-2.01)

1.03 (0.78-1.36) 1 1.58 (1.25-1.99)

Bae JC et al. Metabolism, in review



Incidence rate of T2DM increased with 

severity of NAFLD

In 25,232 Korean men in KSHS without diabetes; followed up for 5 years

Park SK et al. Hepatology, 2013



Increased risk of T2DM in subjects with both 

elevated liver enzyme and NAFLD

In 7,849 subjects without diabetes; annual check-up for 5 years

Choi JH et al. Arch Med Res, 2013



NAFLD and its severity by NFS independently 

associated with incident diabetes

• In 38,291 participants in KSHS (175,996 person-year F/U)

• NAFLD fibrosis score calculated, analyzed in association with NAFLD

Chang Y et al. Am J Gastroenterol, 2013



Fatty liver and incident diabetes: MESA 

study
• In 3153 non-diabetic adults from MESA study; 9.1 yr F/U

• FL assessed by liver CT

Shah RV et al. Atherosclerosis, 2015



Risk for NASH and fibrosis



Longterm F/U of patients with NAFLD and 

elevated liver enzyme

129 biopsy-proven subjects with NAFLD; mean F/U 13.7 yrs

Ekstedt et al. Hepatology, 2006 

78%



Presence of diabetes and steatosis is associated 

with liver stiffness

• In 1918 patients with diabetes in Hong 

Kong

• FibroScan performed

In 3041 participants in Rotterdam study

Liver stiffness in 

17.7%

Kwok R et al. Hepatology, 2016

Koehler et al. Hepatology, 2016

Aging, diabetes and NAFLD aggrevate liver fibrosis



Evidence of NAFLD progression to NASH 

using paired biopsy
In 108 patients with two liver biopsy

McPherson S et al. J Hepatol, 2015



High prevalence of fibrosis in patients with 

diabetes

In 503 biopsy proven NAFLD patients (48% diabetes)

Goh GB et al. BBA Clin, 2015



Diabetes is the significant predictor for 

fibrosis in biopsy proven NAFLD patients

Hossain N et al. Clin Gastroenterol Hepatol, 2009

• In 432 patients with biopsy-proven NAFLD



Clinical model for NASH and advanced fibrosis in patients 

with diabetes and NAFLD: Guideline for referral in NAFLD

• In 346 patients with diabetes and biopsy proven NAFLD (NASH Clinical Research Network)

• NASH in 69.2%, advanced fibrosis in 41% 

Bazick J et al. Diabetes Care, 2015



Clinical model for NASH and advanced fibrosis in patients 

with diabetes and NAFLD: Guideline for referral in NAFLD

• In 346 patients with diabetes and biopsy proven NAFLD (NASH Clinical Research Network)

• NASH in 69.2%, advanced fibrosis in 41% 

Bazick J et al. Diabetes Care, 2015



Clinical algorithms in management of NASH 

and diabetes

Tilg H et al. Nat Rev Gastroenterol Hepatol, 2017



NAFLD and diabetic complications



NAFLD is independently associated with an increased 

prevalence of macrovascular complications in T2DM

In 2,839 T2DM patients 

Targher G et al. Diabetes Care, 2007

1.6

■ NAFLD



NAFLD is independently associated with an increased 

prevalence of microvascular complications in T2DM
In 2103 T2DM patients

Targher G et al. Diabetologia, 2008



NAFLD increases risk of death among patients with 

diabetes

In 337 patients with diabetes, followed 

up for 10.9 years

Adams LA et al. Am J Gastroenterol, 2010

More liver-related death in NAFLD pt

Death due to malignancy



Risk for liver-related mortality directly related 

to severity of diabetes

In 7148 T2DM patients 

De Marco et al. Diabetes Care, 1999



Hepatic fat content and insulin action associated with 

insulin requirement in T2DM patients

In 20 T2DM patients on insulin therapy

Ryysy L et al. Diabetes, 2000



Increased CVD risk in T1DM patients with 

NAFLD
In 250 T1DM patients; prevalence of NAFLD 44.4%

Targher G et al. J Hepatol, 2010



Non-alcoholic fatty pancreatic disease



Non-alcoholic fatty pancreatic disease

 First described in 1933 by Oligvie – presence of pancreatic fat 

to be higher in obese individuals (17% vs. 9%) as compared to 

lean individuals

 Olsen – in 394 autopsies, observed pancreatic fat increased 

with age

 Stamm showed that pancreatic fat > 25% associated with 

increased risk of T2DM and severe generalized atherosclerosis  



Imaging modalities for diagnosis of 

pancreatic steatosis

Tariq et al. Gastroenterol Res, 2016



NAFPD is related to NAFLD

In 80 autopsied patients

Van Geenen EM et al. Pancreas 39:2010



NAFPD associated with diabetes
• In 8097 subjects in health checkup

• NAFLD and fatty pancreas diagnosed with USG

• Prevalence of fatty pancreas: 16%

Wang C et al. JAHA, 2014



NAFPD associated with metabolic risk 

factors

• In 557 participants in a health checkup program

• NAFPD assessed by abdominal USG

Wu WC et al. Cardiovasc Diabetol, 2013



Pancreatic fat negatively associated with 

insulin secretion in subjects with IFG/IGT

Heni M et al. Diabetes Metab Res Rev, 2010

In 51 subjects (23 IFG/IGT), 28 NGT



Risk for diabetes and MetS in NAFPD

Relative risk for diabetes: 2.08 Relative risk for MetS: 2.37

Singh RG et al. Metabolism, 2017

12,675 subjects from 11 studies



Potential interplay between dysglycemia, 

NAFPD and beta-cell dysfunction

Yu TY et al. J Diabetes Invest, 2017



Recommendation of screening for diabetes in 

persons with NAFLD – EASL/EASD/ESO

Diabetologia, 2016 



Interpreting the results from the literature regarding 

the relationship between NAFLD and diabetes…

 Retrospective

 Mostly from Asia – regular health checkup data…

 Asian and non-Asian have different adipose tissue distributions 

and cultural background..

 Diagnostic method of diabetes skewed..

 Unclear whether NAFLD is causally related to T2DM or 

simply a marker of other shared risk factors ; whether other 

factors in addition to hepatic steatosis are important for 

T2DM development..



Lessons from today’s review..

 It is clear the NAFLD is a strong and important risk factor for 

development of diabetes

 The presence of NAFLD in patients with T2DM aggravates the 

natural course of NAFLD and also increases the risk of macro 

and microvascular complication of diabetes

 The presence of NAFLD would reflect the presence of 

NAFPD; this would lead to increased risk of T2DM

 Screening for NAFLD in patients with diabetes should be 

routinely performed in clinical setting

 Patient education is essential for resolution of NAFLD –

exercise, weight control and diet control – for the prevention 

of liver-related morbidity and diabetes development


