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Nonalcoholic fatty liver disease (NAFLD) is thought to stem from the body’s inability to store excess energy in adipocytes; as such,
it is commonly viewed as the hepatic manifestation of metabolic syndrome. The pathogenesis of NAFLD involves ectopic fat accu-
mulation, which also takes place in the liver, muscle and visceral fat. NAFLD is rapidly becoming more widespread in Korea, with
an estimated prevalence of 30% in adults. Type 2 diabetes mellitus (T2DM) and NAFLD share insulin resistance as a common
pathophysiological mechanism, and each of these two diseases affects the development of the other. Recent studies have suggested
that NAFLD is often present as a comorbidity in T2DM patients. The mutual interrelationship between these conditions is shown by
findings suggesting that T2DM can exacerbate NAFLD by promoting progression to nonalcoholic hepatosteatosis or fibrosis, while
NAFLD causes the natural course of diabetic complications to worsen in T2DM patients. It remains unknown whether one disease is
the cause of the other or vice versa. In this review, I would like to discuss current epidemiological data on the associations between
NAFLD and T2DM, and how each disease affects the course of the other.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD), defined as more
than 5% of fat infiltration in the liver without alcohol consump-
tion exceeding 30 g/day in men and 20 g/day, in women thought
to be caused by abdominal obesity and insulin resistance [1].
Histologically, NAFLD is a broadly defined condition, with a
spectrum extending from nonalcoholic isolated steatosis or fatty
liver to nonalcoholic steatohepatitis (NASH)-related cirrhosis.
The global spread of sedentary lifestyle patterns has made
NAFLD increasingly common, paralleled by the increase of
obesity. The prevalence of NAFLD differs by ethnic group and

diagnostic method, ranging from 15% to 70% [2]. NAFLD is
driven by ectopic fat accumulation in the liver, and the presence
of NAFLD is an indicator of insulin resistance and signals the
possibility of ectopic fat accumulation in inappropriate parts of
the body, such as visceral fat and the intramuscular, perivascu-
lar, and pericardial regions [3]. Therefore, NAFLD is often
viewed as the hepatic manifestation of metabolic syndrome
(MS); furthermore, it is a major risk factor for type 2 diabetes
mellitus (T2DM) and is commonly found as a comorbidity in
patients with T2DM [4].

The exact pathophysiological mechanism underlying the re-
ciprocal influence of NAFLD and diabetes has not been conclu-
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sively established. In this review, I would like to discuss the
current epidemiological data regarding the association of
NAFLD with T2DM, focusing on data from Asian regions.
Some of the studies reported in this review analyzed data from
the Kangbuk Samsung Health Study (KSHS), among the largest
health screening cohorts worldwide. In addition, this review
draws upon a previous article by the author [5].

PREVALENCE OF NAFLD AND ITS
RELATIONSHIP WITH METABOLIC RISK
FACTORS

Globally, the prevalence of NAFLD is on the rise due to the rap-
idly increasing prevalence of obesity and obesity-related comor-
bidities [6]. NAFLD is the most frequent cause of elevated liver
enzymes in countries at different levels of development [6,7].
However, variation is present in the estimated prevalence of
NAFLD both across populations and as a result of differences in
diagnostic test used. The worldwide prevalence of NAFLD is
estimated to be as high as 1 billion, and NAFLD is the most
widespread cause of chronic liver disease in the United States,
affecting 80 to 100 million individuals, of whom NASH is pres-
ent in almost 25% [8]. In the Dallas Heart Study, in which hepat-
ic triglyceride content was measured in 2,287 participants in a
multiethnic, population-based sample with proton magnetic res-
onance spectroscopy, significant variation in the prevalence of
hepatic steatosis was found according to sex (42% and 24% in
white men and women, respectively) and ethnicity (45%, 33%,
and 24% in Hispanics, whites, and blacks, respectively) [2].

Early epidemiological studies using data from the KSHS re-
ported information on the prevalence of NAFLD in Asians. The
Kangbuk Samsung Health Screening Center performs more
than 120,000 health screenings every year, and the total number
of participants in this cohort is over a few millions. It is thought
to be the largest health screening cohort in the world comprising
patients treated at a single center. In a study published in 2006
that analyzed 4,967 participants in the KSHS, when adjusted for
age, the prevalence of NAFLD was 16.1% in the overall study
population, 11.2% in women, and 21.6% in men [9]. In another
cross-sectional study by Jeong et al. [10] that analyzed 140,000
KSHS participants, the prevalence of NAFLD was reported to
be 25.2%, with differences by regions; for example, there was a
higher prevalence in Gyeonggi province, which is a rural area,
than in the Seoul area (27.7% vs. 26.9%).

Many studies have investigated the relationships of NAFLD
with metabolic risk factors. In a cross-sectional study, Park et al.
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[11] analyzed 120 NAFLD patients and 240 control participants
in the KSHS. Of the numerous factors that they investigated, in-
sulin resistance—measured using the homeostasis model as-
sessment of insulin resistance—was the strongest predictor of
NAFLD, followed by C-reactive protein levels. In another ret-
rospective study performed in 4,954 KSHS participants, the as-
sociation between baseline insulin concentrations and NAFLD
development after 4 years was assessed [12]. High baseline in-
sulin levels were associated with a 1.2-fold increased risk of
NAFLD after 4 years, and the risk increased to 2.5-fold in par-
ticipants who had both high insulin levels at baseline and 4
years later. In a study by Yun et al. [13], large baseline waist cir-
cumference was shown to increase the risk for NAFLD after 2
years in 37,120 KSHS participants.

Other studies have explored the associations of NAFLD with
risk factors beyond the anthropometric parameters discussed
above. In 9,162 nondiabetic participants in the KSHS, the rela-
tionship of the apolipoprotein (Apo) A1/B ratio with NAFLD
was analyzed, and individuals with the lowest quartile of the
ApoA1/B ratio showed a 3.5-fold higher risk of developing
NAFLD than the highest quartile group [14]. In other studies
that analyzed the relationship between serum adipocytokine
levels and future NAFLD development, high baseline levels of
tumor-necrosis factor-alpha and fatty-acid binding protein-4 in-
creased the risk for NAFLD development after 4 years [15,16].

Regarding lifestyle habits and NAFLD risk, among 120,000
KSHS participants, those who exercised more than five times a
week showed a 14% lower risk for fatty liver development than
those who did not exercise at all, and individuals with an in-
creasing amount of exercise during 5 years showed a 13% high-
er probability of disappearance of fatty liver than those with a
decreasing amount of exercise [17]. Bae et al. [18] conducted a
cross-sectional study showing that those who exercised regular-
ly had a lower NAFLD risk than those who did not exercise, re-
gardless of body mass index.

Studies have also investigated the associations of NAFLD
with sedentary lifestyle habits and sleep. Kim et al. [19] report-
ed a 59% higher risk of NAFLD in those who reported sleeping
for less than 5 hours per day than in those who slept for over 7
hours per day, through an analysis of 69,493 participants in the
KSHS. Furthermore, a recent study of 139,056 participants in
the KSHS found that those who engaged in sitting for more than
10 hours a day and those who were inactive showed a higher
NAFLD risk than their counterparts who reported sitting less
than 5 hours and were active [20].
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PREVALENCE OF NAFLD IN PATIENTS
WITH T2DM

NAFLD is much more highly prevalent in T2DM patients than
in the general population. Lonardo et al. [21] reported in a sys-
tematic review that NAFLD was present in 50% to 75% of
T2DM patients, with variation according to ethnicity. Converse-
ly, diabetes is also more highly prevalent in NAFLD patients
than in the general population. Browning et al. [2] used H-NMR
spectroscopy to measure hepatic triglyceride content in 2,287
urban residents who participated in the Dallas Heart Study, and
found a prevalence of 18% to 33% of T2DM or impaired fast-
ing glucose (IFG) in NAFLD patients.

Variation in diagnostic methods may account for discrepan-
cies across studies regarding the prevalence of NAFLD in
T2DM patients [5,22]. Classifying NAFLD based on plasma al-
anine aminotransferase levels yielded a 20.3% prevalence of
NAFLD, whereas using magnetic resonance spectroscopy as a
diagnostic tool resulted in a prevalence of 72.8%. Furthermore,
the severity of obesity showed a significant relationship with the
risk of prevalent NAFLD in T2DM patients [23].

Asians show a comparable prevalence of NAFLD to that of
Caucasians. Ultrasonography detected NAFLD in 63.3% of 929
Korean T2DM patients seen at a university-based diabetes clinic
[24]. A study conducted in Japan among 8,352 patients who re-
ceived health check-ups between 2009 and 2010 suggested that
the prevalence of NAFLD may show a relationship with glyce-
mic status, as NAFLD was detected in 25.6%, 56.2%, and 68%
of patients with normal fasting glucose, IFG, and T2DM (de-
fined as a fasting blood glucose =126 mg/dL), respectively [25].

NAFLD INCREASES THE RISK FOR T2DM

Compelling evidence has been found that the development of
T2DM is often preceded by NAFLD [26]. Recent findings that
NAFLD is an early predictor and determinant of T2DM devel-
opment have led some researchers to argue that the convention-
al paradigm according to which NAFLD is the “hepatic mani-
festation” of MS has become outdated.

An in-depth analysis of the pathophysiology of insulin resis-
tance in the development of NAFLD provides insight into the
closely-interwoven relationship of these conditions. Peripheral
and hepatic insulin resistance, which are implicated in the devel-
opment of NAFLD, cause insufficient suppression of hepatic
gluconeogenesis, reduced glycogenesis, and higher rates of lipid
accumulation [27]. Abundant free fatty acid (FFA) influx from
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dietary lipids and white adipose tissue into the liver further stim-
ulates gluconeogenesis. On a molecular level, sterol regulatory
element binding-protein 1c and carbohydrate response element
binding-protein drive de novo FFA synthesis in response to hy-
perglycemia and hyperinsulinemia. In insulin-resistant patients,
the development of NAFLD and progression to NASH are fur-
ther induced by factors including increased levels of oxidative
stress (caused by the exhaustion of glutamate peroxidase and su-
peroxide dismutase, which function as antioxidants), diacylglyc-
erol-mediated increases in hepatic insulin resistance, and reduced
levels of lipid export through very low density lipoprotein [27].

NAFLD has been shown to increase the risk of diabetes by 1.6
to 6.8 times in meta-analyses, with variation according to the
other risk factors adjusted for, the diagnostic tools used, and def-
initions [28,29]. In 5,372 Korean participants without diabetes
who regularly received health check-ups with a 5-year period,
the relative risk for T2DM was 1.97-fold higher in the entire
study population with fatty liver and 2.29-fold higher when fre-
quent drinkers were excluded, compared with those who did not
have fatty liver [30]. In another study performed among 11,091
nondiabetic Korean participants in the KSHS who received re-
peated health screenings with a 5-year period, those with
NAFLD had twice as high of a risk for T2DM as those who did
not have NAFLD, and the highest risk was observed in the par-
ticipants who had the highest insulin levels at baseline [31].

The elevated risk for T2DM could be reduced by resolving
NAFLD through weight loss and lifestyle interventions. A study
of 13,218 nondiabetic Korean participants in the KSHS divided
participants into six groups based on baseline fatty liver status
and fatty liver status 5 years later, and assessed the incidence of
diabetes in those groups [32]. Using participants with no fatty
liver both at baseline and follow-up as the reference group,
those who had fatty liver at both timepoints had a 2.78-fold
higher risk for T2DM than the reference group, and a 7.38 times
higher risk of T2DM was found in participants in whom fatty
liver worsened throughout follow-up. Encouragingly, though,
no elevated risk for T2DM was found in participants whose
baseline fatty liver had resolved at the 5-year follow-up, imply-
ing that their risk of T2DM was attenuated by the resolution of
fatty liver. Another study of 4,604 Japanese participants with a
10-year follow-up reported similar results [33]. Furthermore,
Bae et al. [34] evaluated the NAFLD status of 7,849 nondiabetic
participants who received consecutive annual health check-ups
for 5 years. Patients who had NAFLD continuously throughout
the 5-year period were at a 1.55-fold higher risk for T2DM than
those who consistently did not have NAFLD. Intriguingly, in-
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termittent NAFLD was not associated with an elevated risk for
T2DM, which may indicate that NAFLD sustained over a pro-
longed time period has a particularly strong impact on T2DM
risk.

Certain conditions are known to aggravate the increased risk
for T2DM in individuals with NAFLD. A retrospective study of
12,853 Korean KSHS participants without diabetes at baseline
found that fatty liver, overweight/obesity, and insulin resistance
independently doubled the risk of T2DM [35]. In addition to
this remarkable observation, these three conditions seemed to
show a synergistic influence on T2DM development, as their
coexistence was associated with a 14-fold risk of T2DM. Bae et
al. [36] found that concomitant NAFLD and IFG was associated
with a nine times higher risk for T2DM after 5 years relative to
individuals with neither NAFLD nor IFG at baseline. Further-
more, in patients with MS, NAFLD showed an additive impact
on T2DM development, and the presence of increased fibrosis
scores or liver enzyme elevation in patients with NAFLD was
associated with a higher risk for T2DM [37-39].

As indicated by the findings summarized above, NAFLD can
be considered a well-established risk factor for T2DM. Of par-
ticular importance is the observation that the resolution of
NAFLD reduces T2DM risk. However, T2DM risk is signifi-
cantly higher when NAFLD is accompanied by hyperglycemia,
insulin resistance, or obesity.

T2DM INCREASES THE RISK FOR NASH
AND FIBROSIS

In those with normal liver histology, 10% to 35% progress to
steatosis. Then, 12% to 40% of individuals with hepatic steato-
sis progress to steatohepatitis, and further progression to cirrho-
sis occurs in as many of 15% of NASH patients [40]. The pres-
ence of T2DM in subjects with NAFLD may increase their risk
for progression to NASH or fibrosis, as well as subsequent de-
velopment of cirrhosis.

No clear consensus exists regarding factors that contribute to
the progression to NASH from NAFLD. In a study of 129 sub-
jects with biopsy-proven NAFLD, but unknown glycemic status
at baseline, 78% had diabetes after 13.7 years of follow-up;
moreover, especially prominent insulin resistance was observed
in participants with progressive fibrosis (vs. nonprogressive fi-
brosis), implying that dysglycemia may promote progression to
fibrosis [41]. In 1,918 diabetes patients in Hong Kong who re-
ceived FibroScan examinations, 17.7% displayed significant
liver stiffness [42]. In the Rotterdam study, which included
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3,041 participants, individuals with baseline NAFLD and diabe-
tes were significantly more likely than those without either
NAFLD or diabetes to have liver stiffness, and NAFLD, diabe-
tes, and age were identified as aggravators of liver stiffness [43].
Another study, which investigated 108 patients who received
two liver biopsies at a median 6.6-year interval, the group of pa-
tients who showed progression to fibrosis contained a signifi-
cantly higher percentage of T2DM patients than the group of
patients who did not progress to fibrosis [44]. Furthermore, a
study that analyzed patients with biopsy-proven NAFLD
showed that worsening fibrosis stage (from 0 to 4) was associat-
ed with a significant increase in the proportion of patients with
diabetes, and another study found a converse relationship, in
which diabetes was a significant predictor of fibrosis in patients
with biopsy-proven NAFLD [45,46].

In light of those findings, in a recent paper, Tilg et al. [27]
proposed a clinical algorithm for screening and managing
NAFLD, according to which patients with NAFLD should re-
ceive screenings for T2DM and MS; furthermore, because
T2DM is associated with a significantly elevated risk for
NAFLD, patients with T2DM should receive screenings for
NAFLD regardless of serum liver enzyme levels, and clinicians
should consider performing elastography in these patients to de-
tect liver stiffness.

PRESENCE OF NAFLD AGGRAVATES
DIABETIC COMPLICATIONS

Recent evidence suggests that NAFLD may aggravate the com-
plications of diabetes in T2DM patients. In a study of 2,839 pa-
tients with T2DM, NAFLD was associated with a significantly
higher prevalence of cardiovascular disease than was found in
those without NAFLD, and the risk of macrovascular complica-
tions continued to be significantly elevated even after adjusting
for several risk factors [47]. In a study of 2,103 patients with
NAFLD and T2DM, determined by ultrasonography and their
medical history, a 1.87-fold higher risk for chronic kidney dis-
ease and a 1.75-fold higher risk for proliferative retinopathy
were found in comparison to patients without NAFLD, imply-
ing that NAFLD is associated with a significantly elevated risk
for both macrovascular and microvascular complications in pa-
tients with T2DM [48].

The results of other studies indicate that concomitant NAFLD
and T2DM may be increased with an elevated risk of mortality.
Among 337 patients with diabetes who received 10.9 years of
follow-up, more liver-related deaths occurred in patients with
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Fig. 1. Relationships between diabetes, nonalcoholic fatty liver disease and their consequences. NASH, nonalcoholic steatohepatitis;

NAFLD, nonalcoholic fatty liver disease.

NAFLD than in those without [49]. Furthermore, multivariable
analysis identified NAFLD as a significant predictor of mortali-
ty in T2DM patients.

An association between concomitant NAFLD and an in-
creased risk of complications of diabetes has also been reported
in patients with type 1 diabetes mellitus (TIDM). In a study of
250 patients with T1DM, the prevalence of NAFLD was 44.4%,
and both microvascular and macrovascular complications were
found to be significantly more common in those with NAFLD
than in those without NAFLD [50,51]. These observations im-
ply that NAFLD may exert a deleterious effect on the vascula-
ture, with important consequences for both TIDM and T2DM
patients.

CONCLUSIONS

In this review, I focused on the general epidemiological aspects
of NAFLD and its relationship with both TIDM and T2DM.
Recent studies have reported strong epidemiological evidence
for NAFLD as a risk factor for T2DM, and have also found that
T2DM is highly prevalent in patients with NAFLD. Patients
with NAFLD who also have T2DM are at an elevated risk for
progression to fibrosis and NASH. Conversely, the presence of
NAFLD in patients with diabetes aggravates macrovascular and
microvascular complications (Fig. 1). The main unsolved prob-
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lem in research into NAFLD is that there is no single optimal
solution that could halt the progression of NAFLD to fibrosis
and cirrhosis. Unfortunately, the increasing prevalence of diabe-
tes worldwide may lead to an increasing prevalence of NAFLD.
We could encounter serious health problems in the near future
caused by unexplained liver-related mortality and morbidity, as
well as cardiovascular disease caused by both NAFLD and dia-
betes. The reciprocal influence of these two diseases on each
other could deteriorate the natural course of both conditions.
The best solution for preventing this disaster would be treating
the fundamental cause of these two diseases. Treatment of obe-
sity, both general and abdominal, via lifestyle modifications and
interventions, is likely to be the only fundamental solution for
the prevention of these two diseases and their related mortality
and morbidity (Fig. 1).
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