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Abstract
Nonalcoholic fatty liver disease (NAFLD) is linked to abdominal obesity, insulin resistance and type 2 diabetes 
mellitus (T2DM). The association of NAFLD with T2DM is bidirectional. In fact, evidence suggests that 
abdominal obesity, T2DM and metabolic syndrome play a part in the development and progression of NAFLD. 
Alternatively, NAFLD is associated with an increased risk of having T2DM and metabolic syndrome. According 
to this background, it is unsurprising that patients with T2DM patients also have a higher prevalence of NAFLD 
than those with no T2DM, as well as an increased risk of developing liver-related and extrahepatic complications, 
mainly cardiovascular and renal diseases. Seeing the relationship of NAFLD with insulin resistance, obesity and 
T2DM, recent consensus proposes a change in nomenclature from NAFLD to metabolic associated fatty liver 
disease. In this review, we will discuss the prevalence and incidence of NAFLD (as detected by imaging techniques 
or liver biopsy) in patients with type T2DM with particular regard to hepatic and extrahepatic complications. 
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INTRODUCTION
In the last decades, it became clearly evident that nonalcoholic fatty liver disease (NAFLD) is associated 
with insulin resistance, abdominal obesity and type 2 diabetes mellitus(T2DM)[1-5]. Specifically, the 
association between NAFLD and T2DM is intricate, and of note, it appears to be even bidirectional[1-5]. In 
fact, convincing data now indicate that abdominal obesity, T2DM and metabolic syndrome (MetS) can 
synergistically play a part in the development of NAFLD and its advanced forms[6,7]. Despite that, NAFLD 
is linked to a higher risk of T2DM and MetS, as well as to a poorer glycemic control in diabetic patients[6]. 
Based on these data, it is therefore unsurprising that patients with T2DM have an increased prevalence of 
NAFLD, when compared to those without T2DM, as well as a higher risk of developing serious liver-related 
[including nonalcoholic steatohepatitis (NASH), cirrhosis and hepatocellular carcinoma] and extrahepatic 
complications, such as cardiovascular and renal diseases [Figure 1][2,4,8]. 

Since NAFLD, obesity, insulin resistance and T2DM are strictly linked, some researchers in this field have 
proposed and recommended a change in nomenclature from NAFLD to MAFLD, i.e., metabolic associated 
fatty liver disease[9-11]. This specific issue has not yet reached a consensus and is discussed in another article 
published in this journal. 

In this review, we will discuss the prevalence and incidence of NAFLD (as detected by imaging techniques 
or liver biopsy) in patients with T2DM with particular regard to hepatic and extrahepatic complications. 

Search strategy and selection criteria
In the PubMed-Medline database, we used the following terms: “fatty liver” or “NAFLD” or “NASH” and 
“diabetes mellitus” or “type 2 diabetes” (concluding research on the 30th July 2020). We did not apply any 
publication date or language restrictions. Finally, we used specific references of reviews to identify other 
relevant articles.

Prevalence of NAFLD in patients with diabetes mellitus
As reported in Table 1, in the last five years, several population-based studies and hospital-based studies 
have reported that in adult patients with T2DM the prevalence of NAFLD, as detected by imaging 
techniques or liver biopsy, ranged from 30% to 70% and from 50% to 70%, respectively[12-75]. These data 
strongly support the assertion that NAFLD is much more frequent in patients with T2DM, when compared 
to the general population or other patient groups[1-4]. In particular, regarding the observational studies 
using liver ultrasound for the diagnosis of NAFLD, which is the recommended first-line imaging method 
for detecting hepatic steatosis in clinical practice[76], the prevalence of NAFLD was approximately 70%-
75% in patients with T2DM, with however some exceptions. For instance, in a large cohort study involving 
nearly 5,500 South Korean patients with T2DM, Choe et al.[58] documented that the prevalence of NAFLD 
was 46%. In another population-based study of 8,571 Chinese hospitalized patients with T2DM, Guo et al.[24] 
showed that the prevalence of NAFLD was approximately 51%. Contrariwise, in a cross-sectional study 
including 222 Italian outpatients with T2DM, who were regularly seen at a specific diabetes clinic, 
Mantovani et al.[45] reported that the prevalence of NAFLD was more than 70%. In addition, in a small study 
of 106 Australian patients with T2DM belonging a tertiary diabetes center, Williams et al.[22] documented 
that the prevalence of NAFLD was even higher (84%). Interestingly, in a recent cross-sectional study 
enrolling 137 patients with non-insulin-treated T2DM who underwent liver ultrasound and liver stiffness 
measurement (LSM) using vibration-controlled transient elastography (FibroScan®), Mantovani et al.[65] 
showed that the proportion of T2DM patients with hepatic steatosis (on ultrasound) was 74% and that the 
proportion of individuals with significant liver fibrosis was approximately 18% with an LSM cut-off ≥ 7 kPa 
and nearly 10% with an LSM cut-off ≥ 8.7 kPa. 

The severity of NAFLD on ultrasound is usually graded using a 4-point scoring system: normal, mild, 
moderate and severe. In the literature, information regarding the prevalence of different grades of liver 
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steatosis on ultrasound in patients with T2DM are also available[77,78]. For instance, in a cross-sectional 
study of 874 diabetic and non-diabetic patients, Wang et al.[77] documented that the prevalence of T2DM 
among patients with mild liver steatosis (on ultrasound) was 7.5%, whereas the percentage of T2DM 
individuals among those with moderate-to-severe liver steatosis was 23.4% (P < 0.05). 

These results clearly show that among the observational studies using liver ultrasound for the diagnosis 
of NALFD, the prevalence of NAFLD varies across different countries and clinical settings and it is 
influenced by different prevalence of obesity and degree of insulin resistance, as well as by the fact that 
ultrasound is an operator-dependent imaging technique. Indeed, the observational studies involving 
European or USA patients have reported a prevalence of NAFLD higher than that observed in the studies 
involving Asian patients. Additional factors that might explain these findings are different lifestyles (i.e., 
sedentary, physical inactivity), diets (i.e., high caloric diets, especially in the form of carbohydrates and 

Figure 1. Main hepatic and extrahepatic complications associated with Nonalcoholic fatty liver disease in patients with type 2 diabetes 
mellitus
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Author Characteristics of study Results
Portillo-Sanchez et al. [12] 103 patients with T2DM from USA recruited from responses to local newspaper 

advertisements or from people attending clinics in various USA medical Centers
Mean age: 60 years; mean BMI: 33 kg/m2; 87% males

Prevalence of NAFLD on 
MRI was 50%

Kwok et al. [13] 1,918 patients with T2DM from Hong Kong, who attended diabetic complications 
screening
Mean age 60 years; mean BMI 33 kg/m2; 87% males

Prevalence of NAFLD on 
US was 73% 

Arab et al. [14] 133 Chilean patients with T2DM invited by diabetologists and family physicians 
for liver disease surveillance assessment
Mean age 60 years; mean BMI 30 kg/m2, 47% males

Prevalence of NAFLD on 
MRI was 64%

Jung et al. [15] 186 South Korean patients with T2DM admitted to the Endocrinology Division of 
a university hospital
Mean age 58 years; mean BMI 25 kg/m2; 30% Males

Prevalence of NAFLD on 
US was 53%

Masarone et al. [16] 63 Italian patients with T2DM admitted to a tertiary center of internal medicine 
and hepatology
Mean age 57 years, mean BMI 34.4 kg/m2, 52.3% males

Prevalence of NAFLD on 
liver biopsy was 100%

Petit et al. [17] 264 French patients with T2DM screened prospectively at an endocrinology 
department
Mean age 60 years, mean BMI 34 kg/m2, 49% males

Prevalence of NAFLD on 
MRI was 63%

Wilman HR et al. [18] 226 British patients with T2DM who provided written informed consent to the 
study in the United Kingdom Biobank imaging enhancement

Prevalence of NAFLD on 
MRI was 50%

Doycheva et al. [19] 100 patients with T2DM from USA recruited via newspaper advertisement and 
from primary care practices
Mean age 60 years, mean BMI 31 kg/m2, 53% males

Prevalence of NAFLD on 
MRI was 65%

Ding et al. [20] 1,648 Chinese patients with T2DM who lived in a specific district of Shangai
Mean age 62 years, mean BMI 25 kg/m2, 49% males

Prevalence of NAFLD on 
US was 41.6%

Al Rifai et al. [21] 517 patients with T2DM of different ethnicity, from different areas of USA, 
without known CVD at the time of enrollment

Prevalence of NAFLD on 
CT was 28.4%

Williams et al. [22] 106 Australian patients with T2DM from a tertiary diabetes center
Mean age 63 years, mean BMI 30 kg/m2, 61% males 

Prevalence of NAFLD on 
US was 84%

Cusi et al. [23] 385 patients with T2DM from USA who had liver fat content evaluated by MRI 
in four phase 3 studies of basal insulin peglispro (BIL)
Mean age 60 years, mean BMI 32 kg/m2, 62% males

Prevalence of NAFLD on 
MRI was 75.6% in insulin-
naïve T2DM patients, 
61.7% in insulin-treated 
T2DM patients

Guo et al. [24] 8,571 Chinese patients with T2DM hospitalized in the department of 
endocrinology and metabolism of a hospital in Shangai
Mean age 60 years, mean BMI 25 kg/m2, 56% males

Prevalence of NAFLD on 
US was 50.6%

Herath et al. [25] 233 Sri Lankan patients with T2DM followed up at a diabetes center
Mean age 58 years, mean BMI 25 kg/m2, 47% males

Prevalence of NAFLD on 
US was 62.6%

Sberna et al. [26] 179 French patients with T2DM referred to a tertiary diabetes department
Mean age 60 years, mean BMI 34 kg/m2, 47% males

Prevalence of NAFLD on 
MRI was 68.7%

Krishan et al. [27] 100 Indian patients with T2DM who underwent a routine health check-up
Mean age 51 years, mean BMI 28 kg/m2, 82% males

Prevalence of NAFLD on 
US was 65%

Su et al. [28] 445 Chinese patients with T2DM who visited the hospital for evaluation or 
treatment of T2DM
Mean age 60 years, mean BMI 25 kg/m2, 53% males

Prevalence of NAFLD on 
US was 41.4%

Vanjiappan et al. [29] 300 Indian patients with T2DM attending the outpatient department of a 
tertiary care hospital
Mean age 54 years, mean BMI 25 kg/m2, 54% males

Prevalence of NAFLD on 
US was 61%

He et al. [30] 331 hospitalized patients from China with T2DM
Mean age 57 years, mean BMI 26 kg/m2, 50% males

Prevalence of NAFLD on 
US was 63%

Kabir et al. [31] 258 Bangladeshi patients with T2DM included in this observational study in the 
department of medicine of a hospital in Bangladesh

Prevalence of NAFLD on 
US was 64.7%

Lai et al. [32] 557 Malaysian patients with T2DM attending the diabetes clinic of a university 
hospital
Mean age 61 years, 41% males

Prevalence of NAFLD on 
US was 72.4%

Hashimoto et al. [33] 145 Japanese patients with T2DM recruited from the outpatient clinic of a 
university hospital in Kyoto
Mean age 66 years, mean BMI 25 kg/m2, 55 % males

Prevalence of NAFLD on 
US was 67%

Zou et al. [34] 2646 Chinese patients with T2DM recruited from a local health examination 
center for diabetes, newly diagnosed diabetics or with a previous diagnosis of 
T2DM
Mean age 61 years, mean BMI 26 kg/m2, 42% males

Prevalence of NAFLD on 
US was 50.9%

Table 1. Principal studies evaluating the prevalence of NAFLD in patients with type 2 diabetes mellitus published in the last 
five years
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Afolabi et al. [35] 80 Nigerian patients with T2DM recruited from the endocrinology clinic of a 
hospital
Mean age 61 years, mean BMI 26 kg/m2, 38% males

Prevalence of NAFLD on 
US was 68.8%

Moh Moh et al. [36] 172 South Korean patients with T2DM who were admitted for glucose control to 
the endocrinology division of a university hospital
Mean age 57 years, mean BMI 25 kg/m2, 50% males

Prevalence of NAFLD on 
US was 51%

Cosma et al. [37] 60 Italian patients with T2DM enrolled in the study during their routine visit at a 
diabetes Centre
Mean age 65 years, BMI 32 kg/m2, 42% males

Prevalence of NAFLD on 
US was 88%

Almobarak et al. [38] 167 Sudanese patients with T2DM recruited from the outpatient of a diabetic 
center
87% subjects were aged 40-70 years, 8% subjects > 70 years and 5% subjects 
< 40 years, mean 46.7% males

Prevalence of NAFLD on 
US was 50.3%

Yan et al. [39] 212 Chinese patients with T2DM recruited from a metabolic disease hospital
Mean age 54 years, mean BMI 27 kg/m2, 57% males

Prevalence of NAFLD on 
US was 67.5%

Alsabaani et al. [40] 245 Arab patients with T2DM recruited from primary healthcare centers
Mean age 57 years, 66% males

Prevalence of NAFLD on 
US was 72.8%

Gutierrez-Buey et al. [41] 56 Spanish patients with well-controlled T2DM (HbAc1 < 7%)
Mean age 64 years, mean BMI 28 kg/m2, 80% males

Prevalence of NAFLD on 
US or CT was 73.2%

Zawdie et al. [42] 96 Ethiopian patients with T2DM attending a diabetic clinic
Mean BMI 23 kg/m2, 47% males

Prevalence of NAFLD on 
US was 73%

Dvorak et al. [43] 180 Czech patients with T2DM
Mean age 64 years, mean BMI 32 kg/m2, 63% males

Prevalence of NAFLD on 
US was 79%

Hua et al. [44] 1,037 Chinese patients with T2DM who visited for different medical reasons a 
specific hospital in the city of Nanjing were enrolled
Mean age 57 years, mean BMI 24 kg/m2, 59% males

Prevalence of NAFLD on 
US was 56.3%

Mantovani et al. [45] 222 Italian patients with T2DM, who regularly attended a specific diabetes clinic
Mean age 67 years, mean BMI 29 kg/m2, 70% males

Prevalence of NAFLD on 
US was 71.2%

Olusanya et al. [46] 168 Nigerian patients with T2DM evaluated at an endocrine clinic
Mean age 53 years, mean BMI 28 kg/m2, 35% males

Prevalence of NAFLD on 
US was 16.7%

Chang et al. [47] 97 Chinese patients with T2DM who agreed to participate in the study
Mean age 47 years, mean BMI 26 kg/m2, 71% males

Prevalence of NAFLD on 
US was 69%

Zhao et al. [48] 2,042 Chinese patients with T2DM hospitalized in an endocrinology and 
metabolism department
Mean age 60 years, mean BMI 25 kg/m2, 47% males

Prevalence of NAFLD on 
US was 40.2%

Zhang et al. [49] 175 Chinese patients with newly diagnosed T2DM enrolled in this study from the 
endocrinology department of a hospital in Wuhan
Mean age 52 years, mean BMI 24 kg/m2, 56% males

Prevalence of NAFLD on 
US was 53%

Johansen et al. [50] 120 Danish patients with T2DM recruited at the diabetes outpatient clinic at a 
university hospital
Mean age 63 years, mean BMI 30 kg/m2, 73% males

Prevalence of NAFLD on 
MRI was 48 %

Fan et al. [51] 541 Chinese patients with T2DM recruited from a department of endocrinology 
and metabolism
Mean age 58 years, mean BMI 25 kg/m2, 50% Males

Prevalence of NAFLD on 
US was 56.6%

García Díaz et al. [52] 58 Spanish patients with T2DM whose diabetes was treated in any medical 
center of Lanzarote
Mean age 55 years, mean BMI 31 kg/m2, 61% males

Prevalence of NAFLD on 
US was 57.8%

Demir et al. [53] 124 Turkish patients with T2DM invited to undergo a liver US for screening
Mean age 53 years, mean BMI 33 kg/m2, 37% males

Prevalence of NAFLD on 
US was 94.3%

Petit et al. [54] 308 French patients screened at an endocrinology department to participate 
in the study to determine whether a specific polymorphism was involved in the 
development of NAFLD
Mean age 60 years, mean BMI 34 kg/m2, 51% males 

Prevalence of NAFLD on 
MRI was 65.2%

Zhao et al. [55] 629 Chinese patients with T2DM enrolled to evaluate their liver conditions
Mean age 44 years, mean BMI 26 kg/m2, 91% males

Prevalence of NAFLD on 
US was 67.7%

Mantovani et al. [56] 330 Italian patients with T2DM
who regularly attended a diabetes clinic and 
had undergone a first 24-hour Holter monitoring for clinical reasons
Mean age 70 years, mean BMI 29 kg/m2, 65% males

Prevalence of NAFLD on 
US was 72.1%

Barchetta et al. [57] 62 Italian patients with T2DM referred to diabetes outpatient clinics who 
underwent clinical work-up
Mean age 59 years, mean BMI 30 kg/m2, 72% males

Prevalence of NAFLD on 
MRI was 56.5%

Choe et al. [58] 5,507 South Korean patients with T2DM diagnosed at the Huh’s Diabetes 
Center in Seoul, who underwent an abdominal US
Mean age 57 years, mean BMI 24 kg/m2, 51% males

Prevalence of NAFLD on 
US was 46.4%

Silaghi et al. [59] 336 Romanian patients with T2DM who regularly attended diabetes evaluation 
in the same clinic
Mean age 56 years, mean BMI 32 kg/m2

Prevalence of NAFLD on 
US was 86%
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Lee et al. [60] 606 South Korean patients with T2DM, aged ≥ 50 years who had undergone 
short insulin tolerance test, liver US, and Doppler echocardiography at a specific 
diabetes center were enrolled in the study protocol
Mean age 63 years, mean BMI 26 kg/m2, 24% males

Prevalence of NAFLD on 
US was 58.6%

Seo et al. [61] 4,210 South Korean patients with T2DM were recruited from the Seoul 
Metabolic Syndrome Cohort
Mean age 57 years, mean BMI 25 kg/m2, 51% males

Prevalence of NAFLD on 
US was 30.4%

Yeung et al. [62] 1763 Chinese patients with T2DM recruited from the Hong Kong Diabetes 
Registry
Mean age 61 years, mean BMI 26 kg/m2, 56% males 

Prevalence of NAFLD on 
US was 53.2%

Bellan et al. [63] 328 Italian patients with T2DM evaluated at a diabetes clinic were offered to 
participate in this study, according to the protocol
Mean age 65 years, mean BMI 27 kg/m2, 74% males

Prevalence of NAFLD on 
US was 59.5%

Tuong et al. [64] 307 Vietnamese patients with T2DM or previously unknown diabetes admitted 
for medical check-up
Mean age 57 years, mean BMI 25 kg/m2, 54% males 

Prevalence of NAFLD on 
US was 73.3%

Mantovani et al. [65] 137 Italian patients with non-insulin-treated T2DM and no known liver disease 
consecutively attending a diabetes outpatients’ service
Mean age 70 years, mean BMI 28 kg/m2, 48% males

Prevalence of NAFLD on 
US was 73.7%

Choi et al. [66] 302 South Korean patients with T2DM who underwent regular outpatient clinic 
follow-up
Mean age 58 years, mean BMI 25 kg/m2, 38% males

Prevalence of NAFLD on 
US was 62%

Heidari et al. [67] 255 Iranian patients with T2DM who were referred to some specific endocrine 
clinics enrolled in the study by consecutive sampling
Mean age 51 years, mean BMI 31 kg/m2, 32% males

Prevalence of NAFLD on 
US was 86.7%

Mandal et al. [68] 210 Nepalese patients with T2DM treated as outpatients at a hospital in Nepal
Mean age 56 years, mean BMI 29 kg/m2, 57% males

Prevalence of NAFLD on 
US was 55.7%

Motta et al. [69] 173 Italian patients with T2DM enrolled in the study by invitation letter
Mean age 67 years, mean BMI 30 kg/m2, 51% Males

Prevalence of NAFLD on 
US was 24.9%

Sporea et al. [70] 534 Romanian patients with T2DM scheduled for a medical visit at the 
Department of Diabetes and Metabolic Diseases who agreed to be evaluated by 
liver elastography
Mean age 61 years, mean BMI 32 kg/m2, 47% males

Prevalence of NAFLD of 
US was 76%

Lombardi et al. [71] 394 Italian outpatients with T2DM attending five Italian diabetes centers 
who underwent liver ultrasonography, FibroScan and extensive evaluation of 
macrovascular and microvascular diabetic complications
Mean age 68 years, mean BMI 29 kg/m2, 52% Males

Prevalence of NAFLD on 
US was 89%

Hamid et al. [72] 203 Pakistani patients with T2DM diagnosed during the last 6 months were 
enrolled
Mean age 53 years, 51% males 

Prevalence of NAFLD on 
US was 71.9%

Lee et al. [73] 1,992 Taiwanese patients with T2DM who participated in a disease management 
program at two specialized diabetes outpatient clinics.
Mean age 66 years, mean BMI 26 kg/m2, 34% males

Prevalence of NAFLD on 
US was 55.9%

El-Ashmawy et al. [74] 270 Egyptian patients with T2DM invited to take part in the study.
Mean age 53 years, mean BMI 26 kg/m2, 53% males

Prevalence of NAFLD on 
US was 73.3%

Mangla et al. [75] 96 patients with T2DM from USA recruited in a specific area of California who 
underwent a research study visit.
Mean age 62 years, mean BMI 30 kg/m2, 54% males

Prevalence of NAFLD on 
MRI was 65.6%

BMI: body mass index; CT: computed tomography; MRI: magnetic resonance imaging; NAFLD: nonalcoholic fatty liver disease; T2DM: 
type 2 diabetes; US: ultrasound

fats) and genetic factors[1-4]. It is known that overeating, physical inactivity and scarce aerobic fitness are 
associated with reduced triglyceride export, increased de novo lipogenesis and increased fatty acid uptake 
in the liver[79,80]. All these elements may lead to additional hepatic lipid storage with relevant metabolic 
consequences[79,80]. Regarding genetic factors, NAFLD congregates in families with specific variants, such 
as patatin-like phospholipase domain-containing 3 gene (PNPLA3) and transmembrane 6 superfamily 
member 2 (TM6SF2)[81]. One of the main genetic variants associated with NAFLD is a mutation [I148M] 
in PNPLA3[81]. PNPLA3 plays a key role in hepatic fat accumulation in GG homozygous individuals[81]. In 
addition, these patients are at higher risk of developing the more severe forms of NAFLD, independent 
of T2DM[81]. Interestingly, the single variant in the PNPLA3 gene (I148M) has the highest prevalence in 
Hispanics, followed by non-Hispanic whites, Asians, and African Americans[81]. 
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Regarding the observational studies using magnetic resonance imaging (MRI) for the diagnosis of NAFLD, 
it is possible to observe that the prevalence of NAFLD ranges from 50% to 70%. For instance, in a study 
enrolling 103 patients with T2DM and normal plasma aminotransferase levels, Portillo-Sanchez et al.[12] 
reported that the prevalence of NAFLD was approximately 50%. Moreover, in that study, the authors 
reported a high prevalence of NASH in a subgroup of patients who underwent liver biopsy[12]. Indeed, 
approximately 55% of patients with NAFLD on MRI had histological features suggestive of NASH[12]. 
These data strongly support the assertion that patients with T2DM have a high risk of developing severe 
forms of NAFLD, such as NASH and advanced fibrosis, which are the histological features more closely 
associated with hepatic and extrahepatic complications[1-4]. Also in this regard, Bazick et al.[82] found in an 
observational study involving approximately 350 patients with T2DM who underwent liver biopsy, that 
the prevalence of NASH and advanced fibrosis was 69 and 41%, respectively. In another study including 
108 patients with biopsy-proven NAFLD, McPherson et al.[83] reported that approximately 80% of patients 
who had had progression in fibrosis were diabetics, whereas among non-progressor patients only 25% 
had diabetes mellitus. The association between T2DM and the more severe forms of NAFLD was also 
reported by Loomba et al.[84] in an observational study enrolling 1,069 T2DM patients with biopsy-proven 
NAFLD, documenting a significant association between history of diabetes mellitus, NASH and advanced 
fibrosis, even after adjusting for age, sex, body mass index, ethnicity, and presence of metabolic syndrome. 
Moreover, in a retrospective analysis of 235 patients with biopsy-proven NAFLD with and without T2DM, 
Puchakayala et al.[85] documented that among T2DM patients with NAFLD, the prevalence of advanced 
fibrosis and ballooning were significantly greater as compared to patients with NAFLD but without T2DM. 
Interestingly and importantly, in the multivariate regression analysis, T2DM was associated with NASH 
and fibrosis in all patients with NAFLD[85]. 

These data were additionally replicated in a recent meta-analysis by Younossi et al.[86] including 80 
observational studies for a total of nearly 49,500 individuals with T2DM (mean age: 58 years; mean body 
mass index: 28 kg/m2; percentage of men: 53%). In this meta-analysis, the authors found that the overall 
prevalence of NAFLD was approximately 55%, the global prevalence of NASH was 37%, and the prevalence 
of advanced fibrosis was 17%[86]. 

Importantly, the coexistence of NAFLD and T2DM is also associated with a poorer cardiometabolic profile 
in terms of glycemic control, atherogenic dyslipidemia and hypertension[4,87]. Coexisting NAFLD and 
T2DM may also increase insulin requirement in T2DM patients treated with basal bolus insulin regimen[87]. 

NAFLD and risk of incident T2DM
Several epidemiological studies have documented that NAFLD, as detected by ultrasound, is associated 
with an increased risk of incident T2DM, even after adjustment for many metabolic confounders, such 
as age, sex, body mass index, smoking status, alcohol intake, physical activity, family history of diabetes, 
lipids and insulin resistance[88-106]. This finding was also replicated by a 2018 meta-analysis including 19 
cohort studies for a total of approximately 300,000 individuals (30% with NAFLD) and nearly 16,000 
cases of incident diabetes over a median of 5 years[107]. In fact, in this study, Mantovani et al.[107] reported 
that patients with NAFLD had a higher risk of incident diabetes mellitus when compared to those with 
no liver involvement [random-effects hazard ratio (HR) 2.22, 95% confidence interval 1.84-2.60; I2=79%]. 
In addition, in that study, patients with more “severe” NAFLD were also more likely to develop incident 
diabetes mellitus[107]. More recently, a 2020 meta-analysis of nearly 500,000 individuals reported similar 
results[108]. 

Few studies have assessed the risk of incident T2DM in relation to the modification of NAFLD status over 
time[7,97,109,110]. For instance, in a retrospective longitudinal study including approximately 13,000 Korean 
individuals followed for 5 years, Sung et al.[109] documented that alterations in fatty liver content (on 
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ultrasound) over time was associated with changeable risks of incident T2DM. Recently, in an observational 
study including 2,726 patients in which NAFLD status change was assessed by serial abdominal 
ultrasonography and fatty liver index (FLI) during a follow-up of 10 years, Cho et al.[110] documented that 
the progression and regression of NAFLD were respectively associated with positive and negative risk 
of incident diabetes mellitus. These findings additionally corroborate the assumption that NAFLD is a 
modifiable trigger factor associated with the progression to the advanced stages of diabetes mellitus[111]. 

Sex as key modulator of NAFLD in patients with T2DM
Experimental data and computer modeling now indicate that female and male livers may be metabolically 
distinct with specific and different regulators[112,113]. In particular, accumulating data suggest that 
the prevalence and severity of NAFLD tend to be greater in men as compared to women during the 
reproductive age. Conversely, after menopause, the prevalence of NAFLD tends to be higher in women, 
thereby indicating a potential protective role of the estrogens[113]. However, most observational studies 
available so far, including those conducted in patients with T2DM, did not have specific statistical analyses 
considering sex differences or sex hormones/menopausal status as potential modifiers. In a 2020 meta-
analysis of 33 cohort studies, Mantovani et al.[108] did not observe an effect of sex on the relationship 
between NAFLD and risk of incident T2DM, but this may partly reflect the characteristics of the eligible 
observational studies. Along with other authors[113], we strongly believe that future observational studies 
should have sex-specific analyses. 

Liver complications in NAFLD patients with diabetes mellitus
Liver involvement in patients with T2DM is recognized in the form of simple steatosis, nonalcoholic 
steatohepatitis (NASH), advanced fibrosis, cirrhosis, hepatocellular carcinoma, glycogenic hepatopathy and 
hepatic arteriolosclerosis[114]. That said, some histological analysis suggests that simple steatosis is a benign 
condition, while NASH with different degrees of hepatic fibrosis is closely associated with liver-related 
morbidity and mortality. As previously mentioned, T2DM patients have a greater prevalence of NASH 
and advanced fibrosis when compared to the general adult population[114]. In addition, many observational 
studies have clearly demonstrated that T2DM, along with obesity and severe degrees of insulin resistance, 
is one of the main clinical risk factors implicated in the progression of NAFLD to NASH, advanced fibrosis 
or cirrhosis[1,2,4]. Conversely, it is also reported that the presence of NAFLD may also adversely influence 
the prognosis of diabetes[1,2,4]. Among various observational studies[115-127] published so far [Table 2], the 
Verona Diabetes Study was one of first observational studies demonstrating that the risk of mortality from 
liver causes was higher in a large cohort of T2DM patients when compared to the general population[115]. 
These findings were subsequently replicated in other case-control studies. For instance, in a retrospective 
study that used the administrative database of the Veneto region, Zoppini et al.[116] observed that Italian 
T2DM individuals had a roughly 3-fold higher risk of dying from chronic liver diseases due to a non-
virus and non-alcohol-related etiology. In another community-based cohort study involving nearly 340 
T2DM patients, Adams et al.[117] showed that the presence of NAFLD, as detected by imaging or biopsy, was 
associated with a higher risk of all-cause mortality (mainly due to cardiovascular disease, malignancy and 
liver-related complications) during a mean follow-up of 11 years. 

An association between T2DM and liver cirrhosis is also currently known. In patients with cirrhosis, 
indeed, diabetes mellitus can be due to the presence of T2DM or as a direct consequence of liver 
insufficiency (namely hepatogenous diabetes mellitus)[114]. In this context, several observational studies 
have documented an elevated prevalence of cirrhosis in patients with T2DM and NAFLD, especially if they 
are older or have cardiovascular complications[114,118]. Cirrhosis is also associated with reduced hepatic mass 
and portosystemic shunts; two conditions able to alter insulin clearance, thereby contributing to systemic 
insulin resistance[119]. In addition, cirrhosis is associated with increased levels of hypoxia-inducible factors 
and advanced glycation end products, which play a role in the development of T2DM[119,120]. T2DM is an 
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Table 2. Principal observational studies that assessed the association between NAFLD and risk of liver-related disease and 
extrahepatic complications (cardiovascular diseases)

Author Study characteristics Complication NAFLD 
diagnosis Results Country

De Marco et al. [115] Population-based study: 
7,148 T2DM patients 
(3,366 men and 3,782 
women) followed for a 
period of 5 years 

Mortality US The highest SMRs in the 
diabetic cohort were for 
diabetes, liver cirrhosis and 
cardiovascular diseases

Italy 

Zoppini et al. [116] Retrospective study: 
167,621 T2DM patients, 
aged 30-89 years (54.6% 
men), followed from 2008 
to 2010

Mortality US T2DM patients had a higher 
risk of dying from chronic 
liver diseases, in particular 
NAFLD

Italy

Adams et al. [117] Community-based study: 
337 T2DM patients 
from Olmsted County, 
Minnesota, 
followed for 11 years; 116 of 
them had NAFLD 

Mortality US Overall mortality was 
significantly associated 
with a diagnosis of NAFLD, 
presence of ischemic heart 
disease and duration of 
diabetes 

USA

Bertot et al. [119] Prospective study: 284 
patients (53% with 
T2DM, 15% with cirrhosis) 
followed up for a median 
period of 51 months 

Death/transplantation, 
decompensation, HCC

Biopsy, 
Hepascore, 
NAFLD fibrosis 
score (NFS), 
APRI and FIB-4 

T2DM patients had a 
greater risk of liver-related 
death/transplantation 
(HR 3.4, 95%CI: 1.2-9.1) 
decompensation (HR 4.7, 
95%CI: 2.0-11.3) and HCC 
(HR 2.9, 95%CI: 1.2-7.3)

Australia

Sanyal et al. [121] Prospective study: using a 
health care claims database 
from Thomas Reuters 
covering 18 million lives 
yearly and all USA census 
regions from 2002 to 
2008, 4,406 HCC patients 
were identified

HCC Radiological 
imaging

The incidence of HCC in the 
database was 0.4 per 1,000 
persons. NAFLD/NASH 
(59%) and T2DM (36%), 
along with hepatitis C virus 
infection (22%), were the 
main etiologic risk factors 
associated with HCC

USA

Ertle et al. [122] Cross-sectional study: 162 
adults with HCC enrolled 
between February 2007 
and March 2008

HCC Radiological 
imaging

Patients with NAFLD/
NASH-associated HCC 
exhibited a higher prevalence 
of T2DM, hypertension, 
dyslipidemia, coronary 
artery disease, when 
compared to non-NAFLD/
NASH-HCC

Germany

Targher et al. [123] Cross-sectional study: 
2,893 T2DM outpatients; 
1,974 had NAFLD 

Coronary heart disease, 
myocardial infarction, 
angina, cerebrovascular 
disease and peripheral 
vascular disease

US NAFLD was associated 
with a greater risk of 
prevalent CVD, independent 
of classical risk factors, 
glycemic control, 
medications and metabolic 
syndrome features

Italy

Cassidy et al. [124] Case-control study: 19 
adults with T2DM, 19 
adults with NAFLD and 19 
healthy controls 

Cardiac structure, function 
and metabolism

Magnetic 
resonance 
imaging

Changes in cardiac structure 
were evident in adults with 
T2DM and NAFLD 

United 
Kingdom

Mantovani et al. [45] Cross-sectional study: 222 
T2DM outpatients with no 
previous history of CVD  

Left ventricular dysfunction US NAFLD was associated 
with an increased risk of 
mild and/or moderate 
left ventricular diastolic 
dysfunction 

Italy 

Mantovani et al. [125] Cross-sectional study: 
247 consecutive T2DM 
outpatients with no 
previous history of heart 
failure, valvular heart 
diseases and hepatic 
diseases

Cardiac calcification on 
echocardiography

US NAFLD was independently 
associated with cardiac 
calcification both aortic and 
mitral valves 

Italy 
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Targher et al. [126] Cross-sectional study: 400 
outpatients with T2DM

QTc interval on 
electrocardiograms

US NAFLD associated with 
increased QTc interval in 
patients after adjusting 
for multiple established 
risk factors and potential 
confounders

Italy 

Mantovani et al. [127] Cross-sectional study: 751 
hospitalized patients with 
T2DM 

Cardiac conduction defects US Patients with NAFLD 
had a remarkably higher 
prevalence of any persistent 
heart block than those 
without NAFLD (31.3 vs . 
16.7%, P  < 0.001)

Italy 

Mantovani et al. [56] Cross-sectional study: 330 
outpatients with T2DM 
who had undergone 24-h 
Holter monitoring for 
clinical reasons

Ventricular arrhythmias 
were defined as the 
presence of non-sustained 
ventricular tachycardia, 
>30 premature ventricular 
complexes per hour, or 
both

US NAFLD was independently 
associated with an increased 
risk of prevalent ventricular 
arrhythmias

Italy

HCC: hepatocellular carcinoma; NAFLD: nonalcoholic fatty liver disease; T2DM: type 2 diabetes mellitus; US: ultrasound

independent risk factor for adverse outcomes in NAFLD patients with cirrhosis[119,120]. Specifically, T2DM is 
associated with important complications of cirrhosis, such as renal dysfunction, ascites, bacterial infections 
and hepatic encephalopathy[119,120]. Lastly, the management of patients with concurrent diabetes mellitus and 
liver disease has been also addressed[119,120]. Accumulating findings suggest a beneficial effect of metformin 
in patients with chronic liver diseases[119,120]. Insulin is often required in patients with advanced cirrhosis. 
However, the favorable impact of controlling diabetes mellitus in NAFLD patients with cirrhosis has not 
been clearly demonstrated yet[119,120]. Importantly, given that NAFLD has become one of the most important 
indications for liver transplantation, the management of multiple metabolic co-morbidities, including 
T2DM and obesity, are strongly recommended in the pre- and peri-transplant period[128]. 

An increased prevalence and incidence of hepatocellular carcinoma (HCC) has been observed in the last 
two decades worldwide. Although most cases of HCC are due to chronic infection with viral hepatitis, 
recent prospective studies have clearly documented that there is a close association between T2DM, 
NAFLD/NASH and risk of HCC[1]. For instance, in a USA population-based longitudinal study, enrolling 
approximately 4,400 cases of HCC with a median follow-up of 6 years, Sanyal et al.[121] documented that 
the most common risk factor for HCC was NAFLD (59%), followed by T2DM (36%) and HCV chronic 
infection (22%). Almost identical results were observed in a small cross-sectional study of 162 adults 
with HCC[122]. In that study, Ertle et al.[122] found that NAFLD was the most frequent etiology for HCC. 
Importantly, studies have also suggested that the prevalence of HCC is higher in T2DM patients with 
NAFLD and that the coexistence of NAFLD and T2DM markedly increases the risk of developing HCC[129-131].

The presence of T2DM and NAFLD seems to be also associated with intrahepatic cholangiocarcinoma 
(ICC). In a recent meta-analysis of 6 cohort and nested case-control studies, Petrick et al.[132] reported 
that diabetes mellitus was associated with a 53% increased risk of ICC (RR 1.53, 95% confidence interval 
1.31-1.78; I2 = 67%). In another study with a total of 6,093 cholangiocarcinoma cases (ICC: n = 4,695; 
extrahepatic cholangiocarcinoma: n = 1,396) and 60,906 age- and sex-matched controls, the patients with 
ICC and extrahepatic cholangiocarcinoma were more likely to have diabetes mellitus (adjusted odds ratio 
1.22, 95% confidence interval 1.07-1.39 and 1.48, 95% confidence interval 1.18-1.85, respectively) than 
controls[133]. 

NAFLD and risk of macro- and microvascular complications in patients with diabetes mellitus
In the last decade, several observational studies documented that in patients with and without diabetes 
mellitus, NAFLD (as detected by imaging or liver biopsy) is associated with: (1) an increased risk of fatal 
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and non-fatal cardiovascular events; (2) alterations in cardiac structure and function; and (3) an increased 
prevalence of microvascular complications [such as chronic kidney disease (CKD) and distal symmetric 
polyneuropathy][134]. Importantly, these associations were significant even after adjustment for many 
established cardiovascular risk factors and diabetes-related confounders[134]. 

Association between NAFLD and macrovascular complications
It is now established that the principal cause of mortality in patients with NAFLD is cardiovascular disease 
(CVD), followed by extrahepatic cancers and liver-related complications[134]. In this regard, in a recent 
meta-analysis of 45 studies for a total of nearly 8 million individuals who were followed from 4 to 13 years, 
Younossi et al.[135] documented that the pooled CVD-specific mortality rate among NAFLD patients (with 
or without diabetes mellitus) was approximately 4.8 per 1,000 person-years. Working with data from the 
National Vital Statistics System multiple-cause mortality data (2007-2016), Paik et al.[136] further showed 
that CVD is one of the main causes of death among USA patients with NAFLD. In a 2016 meta-analysis 
of 16 observational studies, Targher et al.[137] showed that patients with NAFLD had a higher risk of fatal 
and/or non-fatal CVD events when compared to patients with no NAFLD (random effects-odds ratio 1.64, 
95% confidence interval 1.26-2.13) over a median period of nearly 7 years. In a 2020 nested cohort study 
of nearly 4,000 USA patients, who underwent coronary computed tomography angiography as part of the 
PROMISE (PROspective Multicenter Imaging Study for Evaluation of Chest Pain) study, Meyersohn et al.[138] 
showed that hepatic steatosis (on computed tomography) was associated with major adverse cardiovascular 
events, even after controlling for established cardiovascular risk factors or extent of coronary artery disease 
(hazard ratio 1.69, 95% confidence interval 1.16-2.48).

These findings can be broadly explained by the fact that NAFLD adversely affects cardiac structure and 
function, leading to an increased risk of cardiomyopathy (e.g., left ventricular diastolic dysfunction 
and hypertrophy), cardiac valvular calcification [e.g., aortic valve sclerosis (AVS) and mitral annulus 
calcification (MAC)], and cardiac arrhythmias (mainly atrial fibrillation)[134]. 

Restricting the discussion to the observational studies conducted in patients with T2DM [Table 2], the 
Valpolicella Diabetes Heart Study in 2007 documented that T2DM patients with NAFLD (on ultrasound) 
had an increased prevalence of coronary, cerebrovascular and peripheral vascular diseases as compared 
with those with no NAFLD[123]. Interestingly, in a cross-sectional study enrolling 222 T2DM outpatients, 
Mantovani et al.[45] documented that NAFLD (on ultrasound) was independently associated with increased 
risk of mild and/or moderate left ventricular diastolic dysfunction (evaluated by echocardiography). In 
another cross-sectional study of nearly 120 elderly T2DM patients with hypertension, Mantovani et al.[139] 
reported that NAFLD (on ultrasound) was associated with left ventricular hypertrophy (as detected by 
echocardiography). In a cross-sectional study enrolling 19 adults with T2DM, 19 adults with NAFLD (on 
proton magnetic resonance spectroscopy [1H-MRS]) and 19 healthy controls, Cassidy et al.[124] showed 
that alterations in cardiac structure (evaluated by cardiac magnetic resonance) were mainly evident in 
T2DM patients with NAFLD. Some studies using biopsy or Fibroscan® also observed a graded relationship 
between functional and structural myocardial abnormalities and the severity of NAFLD in patients with 
and without T2DM[134]. 

Regarding the heart valve calcifications, studies have demonstrated an association between NAFLD and 
risk of AVS and MAC in patients with and without T2DM[125,134]. For example, in an observational study 
enrolling 247 consecutive T2DM outpatients, Mantovani et al.[125] reported that NAFLD (on ultrasound) 
was independently associated with cardiac calcifications in both the aortic and mitral valves. These 
findings are of clinical interest, as it is established that AVS and MAC are associated with all-cause and 
cardiovascular mortality in T2DM patients[140].
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With regard to cardiac arrhythmias, many observational studies and some meta-analyses have reported that 
NAFLD (as detected by ultrasound or computed tomography) is associated with prevalent and incident 
atrial fibrillation in patients with and without T2DM[134]. Atrial fibrillation is a frequent arrhythmia seen in 
clinical practice and it is closely related to cardiovascular morbidity and mortality[134]. In a meta‐analysis of 
5 observational studies enrolling approximately 240,000 middle‐aged and elderly individuals, Mantovani et al.[141] 
documented that NAFLD was associated with higher prevalence and incidence of AF. Other studies have 
documented that in T2DM patients, NAFLD (on ultrasound) was associated with an increased risk of 
prolonged QTc, ventricular arrhythmias or other conduction defects[56,126,127,134,142]. 

Collectively, these data strongly support the assertion that, as also recommended by the European and 
American guidelines on the management of NAFLD[143,144], a multidisciplinary approach to NAFLD patients 
is necessary, based on careful assessment of cardiometabolic risk factors.

Increased risk of CKD in NAFLD patients with T2DM
Recently, several studies and some meta-analyses have demonstrated that in T2DM patients, NAFLD, 
as detected by liver ultrasound or biopsy, is linked to an increased risk of prevalent and incident CKD, 
above and beyond established cardiometabolic risk factors[145]. For instance, regarding the association 
between NAFLD and prevalence of CKD, recently, in an observational study of 169 T2DM patients with 
NAFLD and 169 T2DM patients without NAFLD, Jia et al.[146] reported that NAFLD (on ultrasound) was 
independently associated with an increased risk of prevalent CKD (defined as eGFR < 60 mL/min/1.73 m2 
and/or albuminuria). Accumulating data now suggest that the association between NAFLD and risk 
of prevalent CKD may be even bidirectional[145]. For example, in an observational study enrolling 
approximately 2,000 Taiwanese patients with T2DM, Lee et al.[73] confirmed an independent association 
between imaging-diagnosed NAFLD and CKD (adjusted odds ratio 1.59, 95% confidence interval 1.12-2.25). 
Interestingly, when the authors performed a structural equation model analysis to test the effects of NAFLD 
on CKD and the potential role of CKD on NAFLD, they found the existence of a bidirectional relationship 
between NAFLD and CKD[73]. 

Accumulating data also indicate that the risk of CKD may be higher in patients with advanced forms of 
NAFLD (mostly liver fibrosis) as compared to patients with simple steatosis[145]. In an observational cross-
sectional study enrolling nearly 400 Italian patients with T2DM, Lombardi et al.[71] reported that CKD 
(defined by the presence of eGFRCKD-EPI < 60 mL/min/1.73 m2 and/or abnormal albuminuria) was present 
in 36% of NAFLD patients with liver fibrosis (as detected by Fibroscan®) as compared to 21% of NAFLD 
patients without liver fibrosis (P < 0.001). Recently, Mantovani et al.[65] documented that, after adjusting for 
established risk factors and potential confounders, LSM was significantly associated with an approximately 
3-fold higher risk of prevalent CKD (adjusted odds ratio 3.28, 95% confidence interval 1.22-8.90) in a 
sample of nearly 140 T2DM outpatients. Interestingly, Yeung et al.[62] in 2018 also reported that advanced 
fibrosis, as detected by Fibroscan®, but not liver steatosis on US, was independently associated with a 
higher risk of prevalent albuminuria in nearly 1,800 patients with T2DM (belonging to the Hong Kong 
Diabetes Registry). Additionally, in a cross-sectional study of 100 Indian patients with NAFLD (on US), 
Nampoothiri et al.[147] reported that patients with impaired renal function (defined as eGFRCockcroft–Gault < 
80 mL/min/1.73 m2 and/or presence of proteinuria) had higher proportion of significant liver fibrosis and 
advanced fibrosis on Fibroscan®, when compared to those with normal renal function. Importantly, in the 
multivariate analyses, the authors found that T2DM and advanced fibrosis were two independent predictors 
of impaired renal function in patients with NAFLD. In particular, advanced fibrosis had the best diagnostic 
accuracy and specificity in predicting impaired renal function in these patients (diagnostic accuracy: 81%; 
sensitivity: 58%; specificity: 90%)[147]. 

Regarding the association between NAFLD and incidence of CKD, to date, there are still few data in 
patients with T2DM[148]. In 2008, the Valpolicella Heart Diabetes Study demonstrated that patients with 
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T2DM and NAFLD had an increased risk of incident CKD (defined as CKD stage ≥ 3 and/or overt 
proteinuria) as compared to those without NAFLD over a mean follow-up period of 6.5 years[149]. Recently, 
in a meta-analysis involving 9 cohort studies with a total of nearly 100,000 patients with and without 
T2DM, Mantovani et al.[150] confirmed that NAFLD was independently associated with an increased risk of 
incident CKD. Interestingly, when the authors performed a subgroup analysis, they found that the risk of 
incident CKD in patients with NAFLD was greater in patients with T2DM (random effects hazard ratio 1.56, 
95% confidence interval 1.07-2.05) than in patients with no T2DM (random effects hazard ratio 1.35, 95% 
confidence interval 1.16-1.54)[150]. 

Accumulating data also suggest that NAFLD patients with CKD tend to have a worse prognosis and 
an increased overall mortality as well, when compared to those with NAFLD but without CKD[148]. For 
instance, in a cohort study enrolling 11,695 patients, Paik et al.[151] documented that the presence of both 
CKD and NAFLD was associated with an increased risk for overall mortality (hazard ratio 2.34, 95% 
confidence interval 1.91-2.87). Interestingly, in that study, the severity of CKD was even associated with 
higher risk of mortality in patients with NAFLD[151]. Specifically, the presence of NAFLD with advanced 
CKD stages (from stage 3B to stage 5) was associated with a nearly 5-fold (hazard ratio 4.80, 95% 
confidence interval 2.40-9.71) increased risk of death when compared to absence of CKD, whereas the 
presence of NAFLD with intermediate CKD stages (from stage 2 to stage 3A) was associated with a 2.3-fold 
(95% confidence interval 1.70-3.15) increased risk of death[151]. Although further studies are needed, it is 
possible that the difference in overall mortality observed by Paik et al.[151] might be related to the presence 
of specific metabolic features, including T2DM. Önnerhag et al.[152] corroborated this hypothesis in an 
observational study involving 120 patients with biopsy-diagnosed NAFLD. 

Recently, some observational studies that enrolled patients with and without T2DM have documented that 
PNPLA3 rs738409 (I148M protein variant), which is the most important variant associated with NAFLD 
and its severe forms, is independently associated with an increased risk of CKD[145,148]. For instance, in 
a recent study of 157 Italian patients with T2DM, who underwent liver ultrasound and kidney function 
assessment, Mantovani et al.[153] reported that the association of I148M homozygosity with higher risk 
of CKD was independent of liver disease severity and other confounders. Interestingly, in that study, the 
authors also found that PNPLA3 mRNA expression was greatest in liver and renal cortex, especially in 
podocytes, thereby suggesting that PNPLA3 I148M variant might exert adverse effects on the kidney[153]. 

Association between NAFLD and distal symmetric polyneuropathy in patients with diabetes 
mellitus
Several observational studies, although not all[154,155], have documented a significant association between 
NAFLD and prevalent distal symmetric polyneuropathy in patients with T2DM[22,39,71]. This association 
persisted even after adjustment for many cardiometabolic risk factors and other potential confounders. 
Interestingly, in a recent cross-sectional study involving approximately 400 outpatients with T2DM 
(mean age 68 years, 52% male) attending 5 Italian diabetes centers, who underwent liver ultrasonography, 
FibroScan® and evaluation of microvascular diabetic complications, Lombardi et al.[71] documented 
that significant fibrosis (i.e., LSM ≥ 7.0/6.2 kPa with M/XL probes) was independently associated with 
increased prevalence of microvascular diabetic complications, including distal symmetric polyneuropathy 
(3% in patients with LSM < 7.0/6.2 kPa vs. 14% in patients with LSM ≥ 7.0/6.2 kPa). Contrariwise, in a 
retrospective study of 927 Asian patients with T2DM, Kim et al.[155] did not observe a significant difference 
in the prevalence of diabetic peripheral neuropathy among patients with and without NAFLD. 

Collectively, these data suggest that diabetic patients with NAFLD should be evaluated for the presence of 
distal symmetric polyneuropathy, along with other hepatic and extrahepatic complications. In addition, 
the issue of whether the increased risk of microvascular complications in diabetic patients with NAFLD is 
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restricted to patients with more severe NAFLD or applies to all patients with NAFLD is relevant given the 
disease burden of NAFLD. However, additional studies are needed to establish if NAFLD can increase the 
risk of developing distal symmetric polyneuropathy and to elucidate if improvement in NAFLD is able to 
prevent the development and progression of distal symmetric polyneuropathy in patients with diabetes.

Putative mechanisms linking NAFLD to vascular complications in patients with diabetes 
mellitus
The detailed description of the putative mechanisms linking NALFD to vascular complications in patients 
with diabetes mellitus is beyond the purpose of this narrative review. Therefore, we refer the reader to other 
reviews for this topic[1,2,134,142,156]. 

When common diseases coexist and share common risk factors, it might be difficult to separate pivotal 
relationships and understand the role of potential confounders. Indeed, T2DM or MetS are examples of 
confounding diseases linking NAFLD to cardiovascular complications.

However, there are many potential underlying mechanisms that can link NAFLD to the development 
and progression of vascular complications[134]. As several studies have clearly demonstrated in the last 
decade, NAFLD (mainly in its more severe histological forms) can worsen hepatic and systemic insulin 
resistance[156]. Insulin resistance is linked to an excessive fat accumulation in ectopic tissues, including 
the liver, as well as with increased circulating free fatty acids[156]. All these factors can strongly promote 
endoplasmic reticulum stress and inflammation[156]. In addition, they aggravate and maintain the insulin 
resistant state, thereby leading to a vicious cycle[156]. In fact, inhibition of insulin signaling pathways 
associated with NAFLD can occur by various mechanisms, including inflammatory, many kinase proteins 
and several lipid-derived by-products[156]. NAFLD and its more severe histological forms can also contribute 
to the release into the bloodstream of several proinflammatory, profibrogenic and vasoactive mediators 
(such as C‐reactive protein, tumor necrosis factor alpha, interleukin‐6, transforming growth factor-
beta, factor VIII, plasminogen activator inhibitor-1 and endothelin-1). All these mediators can promote 
important cardiac and arrhythmic complications[134]. Hence, it is possible that the reduction of chronic 
inflammation in NAFLD patients might be a potential intervention to reduce the risk of cardiac disease and 
arrhythmias[134]. Accumulating experimental and clinical data also indicate that NAFLD may contribute to 
the activation of multiple pathways implicated in the pathophysiology of CKD[1,2,134,142]. Impaired activation 
of the renin-angiotensin system (RAS) may indeed contribute to the renovascular injury by inflammation 
and coagulation pathways[1,2,134,142]. Atherogenic dyslipidemia, insulin resistance, oxidative stress and 
pro-inflammatory factors can contribute to renal damage[1,2,134,142]. However, in spite of the large body of 
evidence linking NAFLD to cardiac, arrhythmic and renal complications, it has not been conclusively 
established if a cause‐effect relationship exists[134].

Not only are many traditional risk factors combined between NAFLD, micro and macrovascular disease, 
CKD and T2DM/MetS, but novel risk factors are also emerging in each of these conditions. These novel 
risk factors include perturbation of the intestinal microbiota (dysbiosis) with associated inflammation, 
intestinal dysfunction and platelet activation. 

Recently, the role of dysbiosis in NAFLD and in the development of its complications has gained 
scientific interest[134]. Dysbiosis is associated with increased production of lipopolysaccharide from gram-
negative bacteria, which can damage the intestinal barrier and, consequently, can increase permeability 
and contribute to the release of endotoxins into the systemic circulation, thereby determining a chronic 
inflammation and oxidative stress, mainly due to the release of pro-inflammatory cytokines[134,157]. 
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Altered production of short-chain fatty acids, such as acetate, propionate and butyrate, can influence 
hepatic gluconeogenesis and liponeogenesis[158]. Short-term probiotic treatments should have a beneficial 
effect on insulin resistance by increasing butyrate production[158].

Another consequence of dysbiosis is an increase in the uremic toxins that are associated with 
atherosclerosis and hypertension. There is a demonstrated relationship between trimethylamine oxide 
(TMAO) and atherosclerosis[159]. Circulating levels of TMAO, an early biomarker of adipose dysfunction, 
are high in obese NAFLD patients[159]. TMAO is produced from the oxidation of trimethylamine in 
the liver, which is derived from bacteria-dependent metabolism of dietary choline[159]. TMAO leads to 
atherosclerosis acting on reverse cholesterol transport, inducing platelet aggregation, the formation of foam 
cells and the increased expression of scavenger receptors[159]. 

Cardiovascular tissue cells, such as endothelial cells, vascular smooth cells and cardiac cells, express bile 
acid receptors[160]. Gut microbiota influence the production of secondary bile acids, such as deoxycholic 
acid, ursodeoxycholic acid and lithocholic acid[160]. The alteration of bile acid metabolism seems to be 
associated with an increased risk of CVD, because of increased LDL cholesterol levels, vasomotor tone and 
blood pressure[160].

Several experimental studies also suggest that mitochondrial dysfunction may be closely associated 
with insulin resistance and atherosclerosis[161], thereby indicating a potential mechanistic link between 
mitochondrial dysfunction, T2DM, NAFLD and CVD[134].

Recently, Malehmir et al.[162] showed that platelet number, platelet activation and platelet aggregation are 
increased in NASH, but not in simple steatosis, pointing to novel mechanisms that should be studied.

We suggest that future prospective and interventional studies be carried out in well-characterised cohorts 
of patients that can clarify mechanisms linking NALFD to vascular complications. 

CONCLUSION
The concept that NAFLD is a benign condition has changed over the last decades. At present, NAFLD is 
the most common chronic liver disease observed in clinical practice, especially in patients with T2DM 
and those with obesity, thereby becoming a relevant health care problem worldwide[1,86,135]. In fact, NAFLD 
is a leading cause of liver-related and cardiovascular mortality and morbidity[1]. Convincing evidence 
clearly shows that NAFLD is strongly linked to clinical and subclinical alterations in cardiac structure 
and function, independent of the coexistence of established cardiovascular risk factors and metabolic 
syndrome[134]. These findings may partly explain the increased risk of cardiovascular death found in T2DM 
patients with NAFLD. Given the available data and as suggested by European and American clinical 
practice guidelines[143,144], a careful assessment of cardiometabolic risk factors and regular monitoring of 
liver and cardiovascular complications is mandatory in patients with NAFLD, especially if they are obese 
or have T2DM. Some authors suggest repeating the assessments every 1 or 2 years, based on the CVD risk 
factors[4]. The clinical and laboratory data that should be obtained, along with sex and age, are as follows: 
body weight, height, body mass index, waist circumference, cigarette smoking, alcohol consumption, 
blood pressure, total cholesterol, triglycerides, HDL-cholesterol, LDL-cholesterol, fasting plasma glucose, 
hemoglobin A1c (HbA1c), estimated glomerular filtration rate (or serum creatinine), albuminuria, 
75-g oral glucose tolerance test (in patients with impaired fasting glycaemia and/or obesity), CVD risk 
estimation (by using risk calculators), and carotid artery ultrasonography[4]. In addition, seeing that the 
prevalence of NAFLD and significant or advanced liver fibrosis is relatively high in T2DM patients (most 
of whom have normal serum levels of liver enzymes)[1], FibroScan® may be useful not only for assessing 
the severity of liver fibrosis, which is the strongest predictor of long-term adverse clinical outcomes in 
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NAFLD, but also for identifying those patients at higher risk of having CKD or other chronic vascular 
complications[1,65]. Finally, despite the large body of evidence on NAFLD in T2DM patients, there are still 
important open issues that need to be timely resolved: 
(1) Is MAFLD definition more useful in clinical practice when compared to NAFLD definition? 
(2) Which are the appropriate screening/surveillance measures for NAFLD in individuals with T2DM? 
(3) Which is the appropriate non-invasive diagnostic strategy for NASH and advanced fibrosis in T2DM 
patients with NAFLD? 
(4) Is NAFLD a risk factor or only an independent predictor of non-hepatic complications in patients with 
T2DM, including cardiovascular disease? 
(5) What is the role of genetic factors regarding the development of advanced forms of NAFLD in patients 
with T2DM?
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