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8.1	 �Introduction

Non-alcoholic fatty liver disease (NAFLD) is a metabolic liver disease that 
encompasses a spectrum of progressive pathologic conditions, ranging from 
simple steatosis to steatohepatitis (NASH), fibrosis, and cirrhosis. NAFLD is the 
most common liver disease in high-income countries affecting at least 25% of the 
general adult population. This liver disease affects up to 70–80% of patients with 
type 2 diabetes mellitus (T2DM) and up to 30–40% of adults with type 1 diabetes 
mellitus (T1DM) [1–3].

It is well known that NAFLD and T2DM often coexist and may act synergisti-
cally to drive adverse hepatic and extrahepatic clinical outcomes [1–3]. However, 
the link between NAFLD and T2DM is more complex than previously thought. 
It is now becoming clear that there is a close, bi-directional relationship between 
NAFLD and T2DM, and that NAFLD may also precede and/or promote the devel-
opment of incident T2DM [4].

Abnormalities in various endocrine axes have been also associated with NAFLD 
[5]. In addition to diabetes, NAFLD is often present in patients with other com-
mon endocrine diseases, such as polycystic ovary syndrome (PCOS) and primary 
hypothyroidism [6–8]. NAFLD may be also present in patients with hypogonadism, 
growth hormone deficiency, acromegaly, or Cushing’s syndrome, but the associa-
tions between NAFLD and these less frequent endocrine diseases have not been 
extensively explored in large series of patients [6].

It is possible to assume that the significant associations between NAFLD and 
common metabolic and endocrine diseases might also shed light in the aetiological 
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mechanisms underpinning the pathogenesis of NAFLD. Moreover, understanding 
the hormonal regulation of NAFLD might lead to advances in the pharmacological 
treatment of this liver disease in the near future.

This chapter focuses on the significant relationships of NAFLD with type 1 and 
type 2 diabetes and other two common endocrine diseases (i.e., PCOS and pri-
mary hypothyroidism), and the adverse effects of NAFLD on the risk of develop-
ing chronic vascular complications of diabetes (mainly cardiovascular disease and 
chronic kidney disease).

NAFLD is an increasingly prevalent and burdensome liver disease that has been 
often overlooked by diabetologists and endocrinologists. Therefore, the major aim 
of this chapter is to not only to examine the rapidly expanding body of clinical 
evidence that supports a strong association of NAFLD with diabetes and other com-
mon endocrine diseases but also to raise awareness within the endocrine/gastroen-
terology community.

8.2	 �Epidemiological Evidence Linking NAFLD to Polycystic 
Ovary Syndrome

PCOS is a complex endocrine disorder that affects a significant proportion of women 
of reproductive age (affecting up to nearly 10% of these women) in the Europe and 
worldwide [9]. PCOS is one of the leading causes of fertility problems in women, 
and can lead to additional health problems in later life (i.e., with increased rates of 
T2DM, hypertension, and cardiovascular events). Women with PCOS have hyper-
androgenism (clinical, biochemical, or both), ovulatory dysfunction, and polycys-
tic ovarian morphologic features; additionally, these women are often overweight 
or obese and have greater insulin resistance [9].

To date, several cross-sectional and case–control studies have assessed the rela-
tionship between PCOS and NAFLD (for review see [7]). In most of these pub-
lished studies, PCOS was diagnosed using the Rotterdam criteria (i.e., the most 
widely used criteria for diagnosing the disease) [9], except for few studies, which 
used other diagnostic criteria. Over a dozen cross-sectional studies showed that the 
prevalence of NAFLD (mostly detected by ultrasonography) is markedly increased 
in young women with PCOS, independent of overweight/obesity and other meta-
bolic syndrome features. In these studies, the prevalence of NAFLD in women with 
PCOS ranges from approximately 35 to 70% compared with approximately 20 to 
30% in age- and body mass index (BMI)-matched control women [7].

A comprehensive meta-analysis of 17 case–control studies published through 
2017 (involving a total of approximately 2700 women with PCOS and 2600 
matched control women) confirmed that PCOS women had a ~2.5-fold increased 
rate of NAFLD (fixed-effects odds ratio 2.25, 95% CI 1.95–2.60; I2 = 5%) com-
pared to control  women, irrespective of age and BMI [10]. In addition, PCOS 
women with hyperandrogenism had a significantly higher risk of having NAFLD 
than controls. Conversely, normo-androgenic PCOS women did not seem to have 
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a higher prevalence of NAFLD when compared to controls [10]. Similar results 
were observed in another recent meta-analysis [11]. Accordingly, in a small case–
control study involving 29 obese women with PCOS and 22 healthy controls 
who were matched for age, BMI, and waist circumference, Jones et al. found that 
hyper-androgenic PCOS women had a significantly higher intrahepatic fat content 
on magnetic resonance spectroscopy compared to both normo-androgenic PCOS 
women and matched controls (mean intrahepatic fat content: 12.9% vs. 0.6% vs. 
1.9%, respectively) [12]. In a case–control study of 275 young nonobese women 
with PCOS and 892 nonobese control women, Kim et al. found that the prevalence 
of ultrasound-diagnosed NAFLD was significantly greater in women with PCOS 
than in controls (5.5% vs. 2.8%), and that the presence of hyperandrogenemia (i.e., 
higher levels of free testosterone or free androgen index) was significantly associ-
ated with NAFLD even after adjustment for age, BMI, plasma lipid profile, insulin 
resistance, or glycemic status [13]. More recently, Kumarendran et al. performed 
a population-based retrospective cohort study utilizing a large UK primary care 
database and included more than 63,000 women with PCOS and 121,000 matched 
controls registered between 2000 and 2016. Notably, these authors found that rates 
of NAFLD were significantly increased in women with PCOS (even after adjusting 
for BMI and dysglycemia), and identified androgen excess as a potential additional 
contributing risk factor for NAFLD development in PCOS [14].

All these findings suggest that androgen excess might represent a possible caus-
ative mechanism linking PCOS to the development and progression of NAFLD (in 
addition to coexisting abdominal obesity and insulin resistance). However, future 
larger studies are needed to determine if androgen excess also drives the progres-
sion of NAFLD to liver inflammation and fibrosis, and to establish whether anti-
androgen treatment may reduce the risk of NAFLD.

Notably, some small case–control studies performed at tertiary gastroenterology 
centers showed that PCOS is also a common pathologic condition in patients with 
biopsy-proven NAFLD [15–17]. Among these patients the prevalence of PCOS 
ranged from approximately 50% to 70%, and these women were also more likely 
to develop the more severe histologic forms of NAFLD (i.e., NASH with varying 
degrees of fibrosis on liver histology) [15–17].

Collectively, although further well-conducted studies on larger series of care-
fully characterized women with PCOS are needed to corroborate these findings and 
to better elucidate the biological mechanisms underlying the association between 
PCOS and NAFLD, the aforementioned studies clearly indicate that the prevalence 
of NAFLD is significantly higher in women with PCOS than in control women, 
independent of age, overweight/obesity, and other coexisting metabolic syndrome 
features. Furthermore, the young age of many women with PCOS and the relatively 
advanced stage of NASH (as revealed by liver biopsies from these patients) clearly 
suggest the possibility of an increased risk for long-term liver-related complications 
in this group of patients over the course of their lives. Therefore, we believe that the 
currently available literature argues for a systematic screening for NAFLD in young 
women with PCOS (especially in those with PCOS-related androgen excess).
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8.3	 �Epidemiological Evidence Linking NAFLD 
to Primary Hypothyroidism

Overt primary hypothyroidism is an endocrine disorder affecting up to nearly 3–4% 
of individuals living in iodine-replete communities that is defined by insufficient 
levels of serum thyroid hormones. Primary hypothyroidism has multiple aetiologies 
and manifestations [18].

It is known that the development and progression of NAFLD usually occur in 
the presence of profound derangements of lipid and glucose metabolism, and dys-
regulation of energy homeostasis [1, 2, 5]. Thyroid hormones are critical regula-
tors of energy homeostasis and have prominent direct effects on lipid and glucose 
metabolism [19].

To date, several observational studies have explored the association between 
primary subclinical/overt hypothyroidism and imaging-defined or biopsy-proven 
NAFLD [20]. However, the findings from these studies have been conflicting so 
far, with some studies reporting that the prevalence of primary hypothyroidism, 
especially subclinical hypothyroidism, was extremely common among patients with 
NAFLD (occurring in up to 20–25% of these patients) [21, 22], while other studies 
failing to find any significant association between primary hypothyroidism and risk 
of NAFLD [23–25]. On this background of evidence, it remains uncertain whether 
subclinical hypothyroidism is a risk factor for NAFLD.

Recently, we carried out a systematic review and meta-analysis of observational, 
cross-sectional and longitudinal studies examining the association between primary 
hypothyroidism and risk of NAFLD [26]. This meta-analysis involved a total of 
15 observational studies using either liver biopsy or imaging techniques (mostly 
ultrasonography) to diagnose NAFLD with aggregate data on 44,140 individuals 
with nearly 15% of them who were either taking levothyroxine replacement therapy 
or had either subclinical or overt hypothyroidism based on thyroid function tests 
[26]. As shown in Fig. 8.1, meta-analysis of data from the 12 cross-sectional studies 
has shown that the presence of variably defined hypothyroidism was significantly 
associated with a 42% increased risk of imaging-defined or biopsy-proven NAFLD 
(n = 12 studies; random-effects odds ratio 1.42, 95% CI 1.15–1.77; I2 = 51.2%), 
independently of age, sex, BMI, diabetes, or metabolic syndrome. This risk tended 
to increase across the different definitions used for diagnosing hypothyroidism (i.e., 
a self-reported history of hypothyroidism with use of levothyroxine replacement 
therapy > newly diagnosed overt biochemical hypothyroidism > newly diagnosed 
subclinical hypothyroidism), and appeared to further increase with greater histo-
logic severity of NAFLD (Fig.  8.2). Conversely, meta-analysis of data from the 
three longitudinal studies has shown that subclinical hypothyroidism was not sig-
nificantly associated with the risk of incident NAFLD (assessed by ultrasonogra-
phy) over a median follow-up of 5  years (n  =  3 studies; random-effects hazard 
ratio 1.29, 95% CI 0.89–1.86; I2 = 83.9%), after adjusting for age, sex, BMI, dia-
betes, or other known metabolic risk factors [26]. However, on the basis of these 
three longitudinal studies included in the meta-analysis [23, 27, 28], it is likely that 
this finding could be due to the lack of adequate statistical power, and that larger 
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Fig. 8.1  Forest plot and pooled estimates of the effect of variably defined primary hypothyroidism 
(defined as either self-reported use of levothyroxine replacement therapy or abnormal concentra-
tions of serum thyroid stimulating hormone and/or free thyroxine) on the risk of prevalent NAFLD 
in 12 eligible cross-sectional studies. (Reproduced with permission [26])
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Fig. 8.2  Forest plot and pooled estimates of the effect of variably defined primary hypothyroidism 
on the severity of NAFLD on liver histology in three eligible cross-sectional studies. (Reproduced 
with permission [26])
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(n > 10,000 individuals) prospective cohort studies with longer follow-up periods 
(≥10 years) will be needed to better elucidate this important topic. As expected, no 
sufficient data were available in most of the studies included in the meta-analysis to 
examine the effect of newly diagnosed overt hypothyroidism on the risk of develop-
ing incident NAFLD. Nevertheless, it should also be noted that Bano et al. found 
that both subclinical and overt hypothyroidism were independently associated with 
an increased 10-year risk of developing incident NAFLD with clinically signifi-
cant hepatic fibrosis (assessed by Fibroscan®) in a large population-based cohort of 
elderly Dutch individuals [28].

Collectively, we believe that the findings of this updated meta-analysis support 
the view that the presence of variably defined primary hypothyroidism is signifi-
cantly associated with NAFLD, and may also have clinical practice implications for 
the potential screening of hypothyroidism and NAFLD. Indeed, these findings sug-
gest that patients with NAFLD should probably be screened for primary hypothy-
roidism (a disease necessitating hormone replacement therapy); and that NAFLD 
should be looked for in patients with hypothyroidism, given that these patients are 
at higher risk of having NASH and advanced fibrosis.

However, on the basis of the currently available literature, it should also be noted 
that the temporal relationship between liver and thyroid diseases is not clear, and 
that a causal relationship between NAFLD and primary hypothyroidism cannot be 
definitely established [26]. Again, it should be noted that the levels of thyroid anti-
bodies were not consistently measured in any of the aforementioned studies (except 
for the study by Bano et al. [28], who measured serum thyroid peroxidase antibod-
ies, but did not find any significant association between levels of thyroid peroxidase 
antibodies and risk of incident NAFLD); hence, the cause of hypothyroidism is not 
clear. In addition, none of the included studies examined the effects of levothyroxine 
replacement therapy when exploring the risk of NAFLD in patients with subclinical 
or overt hypothyroidism. Further large prospective studies to confirm these findings 
should be undertaken, and mechanistic studies to better elucidate the mechanisms 
underlying the association between hypothyroidism and NAFLD are also warranted.

A detailed description of the multifactorial pathogenesis involved in the 
hypothyroidism-induced NAFLD is beyond the scope of this chapter. To date, how-
ever, there is convincing evidence of biological plausibility that overt hypothyroid-
ism can promote the development of NAFLD through multiple extrahepatic and 
intrahepatic mechanisms [19, 20]. Indeed, hypothyroidism can induce NAFLD 
through the systemic development of metabolic disorders, low-grade inflamma-
tion, and increased oxidative stress [19, 20]. Moreover, thyroid hormones also 
have direct effects on hepatic lipid and glucose metabolism [19]. In addition to 
the adverse effects of decreased serum thyroid hormones on hepatic glucose and 
lipid metabolism, it is also possible that increased serum TSH levels per se could 
promote the development of NAFLD by stimulating hepatic de novo lipogenesis 
[29]. Additionally, the intrahepatic thyroid hormone concentration and/or thyroid 
hormone signaling could be decreased in the livers of patients with NAFLD [20, 
30]. On this background of evidence, it is possible to assume that thyroid hormone 
analogs or mimetics could be useful for the treatment of NAFLD [19, 20]. In a 
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recent phase 2b single-arm trial performed in six hospitals in Singapore, it has been 
reported that low-dose levothyroxine significantly decreased intrahepatic lipid con-
tent (with a relative reduction of 12% of IHLC as measured by magnetic resonance 
spectroscopy) in 20 euthyroid patients with type 2 diabetes and NAFLD [31]. A 
double-blinded, randomized, placebo-controlled phase 2 trial is also ongoing to 
evaluate the efficacy and safety of MGL-3196, i.e., a selective liver-directed, thyroid 
hormone receptor-β agonist, in patients with biopsy-proven NASH.

8.4	 �Epidemiological Evidence Linking NAFLD 
to Diabetes Mellitus

NAFLD and diabetes mellitus are common diseases that often coexist and act syner-
gistically to drive adverse hepatic and extrahepatic clinical outcomes [1–3, 32]. The 
coexistence of NAFLD and diabetes increases the risk of developing both micro-
vascular and macrovascular complications of diabetes as well as increasing the risk 
of developing more severe forms of NAFLD (as extensively reviewed in [32]). In 
addition, patients with NAFLD and diabetes have an increased risk of all-cause 
and cause-specific (cardiovascular, cancer, and liver) mortality compared to those 
without NAFLD [1, 2, 32].

8.4.1	 �Prevalence of NAFLD in Diabetes and Risk 
of Liver-Related Complications

Patients with established T2DM have a high prevalence of NAFLD. Indeed, in these 
patients imaging-diagnosed NAFLD ranges from approximately 45 to 75% in large 
hospital-based studies and from 30 to 70% in population-based studies [32]. For 
example, in the Valpolicella Heart Diabetes Study, involving nearly 2800 Italian 
outpatients with T2DM (mean age: 63 years, mean BMI: 27 kg/m2), the prevalence 
of NAFLD on ultrasonography was nearly 70% [33].

In patients with T2DM, the coexistence of NAFLD is associated with poorer 
glycemic control, more severe hyperinsulinemia, and greater insulin resistance in 
the skeletal muscle, adipose tissue, and liver compared with their counterparts with-
out NAFLD [34]. In clinical practice, it is well established that T2DM patients 
with NAFLD have a poorer quality of glycemic control and require a higher daily 
amount of insulin to get a good glycemic control than their counterparts without 
NAFLD [34]. It is believed that increased intrahepatic fat accumulation is an impor-
tant determinant of insulin resistance in the liver and affects both the daily dosage of 
glucose-lowering therapy and the achieving good glycemic control in patients with 
T2DM [32, 34]. These considerations suggest that treatment strategies that decrease 
intrahepatic fat accumulation and improve insulin sensitivity might partly contrib-
ute to improved glycemic control in patients with T2DM and NAFLD.

Substantial evidence indicates that people with T2DM are also at higher risk 
of developing NASH, and a twofold to fourfold higher risk of developing serious 
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liver-related complications, such as cirrhosis, liver failure, and hepatocellular car-
cinoma [1, 2, 32, 35, 36]. It is also notable that, in dual biopsy studies, the develop-
ment of incident T2DM was the strongest clinical predictor of faster progression to 
NASH, advanced fibrosis and cirrhosis [37].

A recent study that used magnetic resonance imaging to assess hepatic fat 
content  and magnetic resonance elastography (MRE) to estimate liver stiffness 
has reported high rates of both hepatic steatosis (defined as MRI-PDFF ≥5%) 
and advanced fibrosis (defined as MRE ≥3.6 kPa) in a cohort of 100 consecutive 
patients with T2DM in primary care, who did not have any other aetiology of liver 
disease (i.e., 65% of these patients had hepatic steatosis and 7.1% had advanced 
fibrosis, respectively) [38]. A high prevalence of NAFLD and advanced fibrosis 
was also reported in a hospital cohort of 1918 Chinese adult patients with T2DM 
(mean age: 60.6 years, mean BMI: 26.6 kg/m2) where hepatic fat and fibrosis were 
simultaneously assessed with FibroScan® (i.e., ~73% of them had CAP ≥222 dB/m 
and 17.7% had LSM ≥9.6 kPa, respectively) [39]; notably, as shown in Fig. 8.3, 
in a subset of these patients with T2DM submitted to liver biopsy (n = 94), 56% 
had NASH and 50% had advanced fibrosis [39]. In the NASH-Clinical Research 
Network cohort study enrolling nearly 1300 US adult patients with biopsy-proven 
NAFLD, the authors found that the prevalence of NASH and advanced fibrosis in 
the subgroup of those with T2DM and NAFLD (n = 346; mean age: 53 years, mean 

Kwok et al. Gut 2016 
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Fig. 8.3  Prevalence of NASH and advanced fibrosis on liver histology in patients with type 2 
diabetes (irrespective of serum aminotransferase concentrations). (Data are derived from studies 
published by Kwok et al. [39], Bazick et al. [40], and Portillo-Sanchez et al. [41], respectively. 
Reproduced with permission [4])
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BMI: 35.8 kg/m2) was 69.2% and 41%, respectively [40]. Similarly, the prevalence 
of NASH was found to be as high as 56% in a small study of obese patients with 
T2DM and normal serum aminotransferase concentrations (n  =  103; mean age: 
60 years, mean BMI: 33 kg/m2) [41]. Notably, a large administrative health database 
(involving almost 2.5 million people) documented that Canadian adults with newly 
diagnosed T2DM had an approximately twofold higher risk of developing cirrhosis, 
liver failure, or liver transplantation than matched individuals without diabetes over 
a follow-up period of 12 years [42]. Finally, prospective studies have shown that 
there is also a strong link among T2DM, NAFLD/NASH, and risk of hepatocellular 
carcinoma (HCC) [43, 44]. In fact, the coexistence of T2DM increases the risk of 
developing HCC (approximately from 1.5 to 4-fold) [35, 36, 43, 44]. Preclinical and 
observational studies also suggested that hypoglycemic agents can  modulate the 
risk of incident HCC in patients with T2DM [45, 46]. However, the effect of each 
individual hypoglycemic agent should be interpreted cautiously owing to inherent 
cancer-modifying effect of the comparator group. Further large randomized clinical 
trials are needed to confirm these findings.

Worryingly, it is also well known that the coexistence of NAFLD may also 
adversely influence the prognosis of diabetes [32, 35]. Using the electronic admin-
istrative database of death certificates of the Veneto Region (Northern Italy), 
Zoppini et al. found that people with diabetes (n = 167,621 diabetic individuals aged 
30–89 years) had a nearly threefold higher risk of dying of chronic liver diseases, 
mainly due to NAFLD [47]. In line with these findings, Adams et al. found that the 
coexistence of NAFLD (diagnosed by imaging or biopsy) carried an approximately 
twofold increased risk of all-cause mortality (mainly due to cardiovascular disease, 
malignancy, and liver-related complications) over a mean follow-up of 11 years in 
a community-based cohort of 337 residents of Olmsted County, Minnesota, with 
diabetes mellitus [48]. Again, a national cohort study of Scottish people aged 
40–89 years documented that NAFLD was the most common liver disease in people 
with T2DM, and that T2DM was closely associated with an increased risk of hospi-
tal admissions or death for NAFLD [49].

All the aforementioned considerations fully support a screening for NAFLD in 
patients with established T2DM, and the need for close and intensive surveillance 
for advanced liver disease in those with NAFLD [1, 3, 32]. It is also reasonable to 
assume that an early diagnosis and treatment of NAFLD, if any, may have a benefi-
cial clinical impact on survival rates of patients with T2DM.

At present, few data are available regarding the prevalence and natural history 
of NAFLD in patients with T1DM. However, the epidemiological impact of both 
NAFLD and the metabolic syndrome seems to be relevant also in adult patients 
with T1DM since the prevalence of the metabolic syndrome is steadily growing in 
these patients, being nowadays approximately of 40% [32]. Although there are con-
flicting results, some studies reported that NAFLD on ultrasonography is present 
in approximately 30–40% of adult patients with T1DM [32, 50]. In a longitudinal 
cohort of T1DM and T2DM patients who undergone a liver biopsy, it was demon-
strated that adult patients with T1DM had a high risk of developing cirrhosis and 
portal hypertension, and that this risk was even comparable with that observed in 
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patients with T2DM, who were matched for duration of diabetes, obesity, and other 
comorbidities [51]. However, further studies are required to better characterize the 
relationship between NAFLD and T1DM.

8.4.2	 �NAFLD and Risk of Chronic Kidney Disease and Other 
Microvascular Complications

Accumulating epidemiological evidence indicates that the presence of imaging-
diagnosed NAFLD is associated with an increased risk of microvascular compli-
cations of diabetes, such as chronic kidney disease (CKD), retinopathy, and distal 
symmetric polyneuropathy [32].

For instance, in a large cohort study involving 2103 ambulatory patients with 
T2DM, it has been reported that those with ultrasound-diagnosed NAFLD had 
remarkably higher age- and sex-adjusted prevalence rates of both non-proliferative 
and proliferative/laser-treated retinopathy and CKD than patients without 
NAFLD.  Logistic regression analysis showed that NAFLD was associated with 
increased rates of CKD (adjusted-odds ratio 1.87; 95% CI 1.3–4.1) and prolifera-
tive/laser-treated retinopathy (adjusted-odds ratio 1.75; 95% CI 1.1–3.7), even after 
adjustment for multiple cardiometabolic risk factors, diabetes-related variables, and 
other potential confounders [52]. Other studies have clearly shown that the presence 
and severity of NAFLD was associated with an increased prevalence of abnormal 
albuminuria or decreased kidney function in patients with T2DM or pre-diabetes 
[32, 53]. Similarly to what reported in T2DM patients, some studies also showed 
that NAFLD was independently associated with a higher prevalence of both CKD 
and diabetic retinopathy in adult patients with T1DM [54].

To date, there is a paucity of published data regarding the risk of developing CKD 
in diabetic patients with NAFLD. The Valpolicella Heart Diabetes Study showed that 
patients with T2DM and NAFLD had a higher risk of developing incident CKD (i.e., 
CKD stage ≥3 with/without accompanying overt proteinuria) compared with their 
counterparts without NAFLD over a mean follow-up period of 6.5 years. Notably, 
this risk remained significant even after adjusting for a broad range of coexisting 
cardio-renal risk factors (including also diabetes duration, hemoglobin A1c, hyper-
tension, baseline e-GFR, albuminuria, and current use of medications) [55].

In line with this finding, in a small follow-up cohort study involving 261 T1DM 
adult patients with preserved kidney function and without overt proteinuria at base-
line, who were followed for a mean period of 5.2 years, the presence of ultrasound-
diagnosed NAFLD was independently associated with an increased incidence of 
CKD (hazard ratio 2.85, 95% CI 1.6–5.1). Notably, addition of NAFLD to tradi-
tional cardio-renal risk factors significantly improved the discriminatory capability 
of the regression models for predicting CKD [56].

We recently performed a systematic review and meta-analysis of nine obser-
vational studies, involving 96,595 adult individuals (~34% with either imaging-
diagnosed or biochemistry-based NAFLD) of predominantly Asian descent and 
nearly 5000 cases of incident CKD (i.e., CKD stage ≥3) over a median follow-up 
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of 5.2  years [57]. No studies with biopsy-proven NAFLD were available in the 
literature for the analysis. As shown in Fig. 8.4, patients with imaging-diagnosed 
NAFLD had a significantly higher long-term risk of incident CKD compared with 
those without NAFLD (pooled random-effects hazard ratio 1.37, 95% CI 1.20–1.53; 
I2 = 33.5%), even after adjustment for common cardio-renal risk factors [55]. Patients 
with more “severe” NAFLD (according to ultrasonographic steatosis scores or non-
invasive biomarkers of liver fibrosis) were also more likely to develop incident CKD 
(random-effects hazard ratio 1.50, 95% CI 1.25–1.74; I2 = 0%). Interestingly, as 
also shown in Fig. 8.4, when the analysis was stratified by the study population, the 
association between NAFLD and the risk of incident CKD appeared to be stronger 
in studies that enrolled patients with established diabetes (random-effects hazard 
ratio 1.56, 95% CI 1.07–2.05; I2 = 0%) [57].

Finally, preliminary evidence also suggests that NAFLD is associated with an 
increased prevalence of distal symmetric polyneuropathy and cardiovascular auto-
nomic neuropathy in patients with T1DM or T2DM [58, 59]. However, further 
research is needed to confirm these data.

Despite the growing evidence of biological plausibility linking NAFLD with 
CKD and other microvascular complications in adult patients with T1DM or T2DM, 
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Fig. 8.4  Forest plot and pooled estimates of the effect of NAFLD on the risk of incident chronic 
kidney disease (CKD stage ≥3) in eight eligible prospective studies, stratified by study population 
(diabetes vs. no-diabetes). (Reproduced with permission [57])
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it still remains to be definitively established whether a causal association also exists 
[60]. Additional prospective and mechanistic studies are needed to better elucidate 
the independent contribution of NAFLD to the increased risk of developing micro-
vascular diabetic complications in patients with NAFLD. In the meantime, however, 
all the aforementioned studies provide further support for the view that a diagnosis 
of NAFLD identifies a subset of individuals, who are at higher risk of incident 
CKD (stage ≥3), and who need more intensive surveillance and early treatment to 
decrease the risk of developing CKD [32, 60].

8.4.3	 �NAFLD and Risk of Macrovascular Complications

Strong evidence indicates that cardiovascular disease dictates the outcome(s) in 
patients with NAFLD more frequently and to a greater extent than does the pro-
gression of liver disease in both patients with and without diabetes [2–4, 61, 62]. 
Recent cohort studies of patients with histologically confirmed NAFLD have clearly 
demonstrated that cardiovascular disease is the leading cause of mortality in these 
patients (~40–45% of the total deaths), and that fibrosis stage is the strongest histo-
logic predictor for overall and disease-specific mortality in NAFLD [63].

Several cross-sectional studies have consistently shown that NAFLD was closely 
associated with both various markers of subclinical atherosclerosis and clinically 
manifest CVD across a wide range of patient populations, including also patients 
with diabetes [4, 61, 62]. For example, in the Valpolicella Diabetes Heart Study, it 
has been reported that type 2 diabetic patients with NAFLD (detected by ultraso-
nography) had a remarkably higher prevalence of clinically manifest coronary, cere-
brovascular, and peripheral vascular disease compared to their counterparts without 
NAFLD, even after adjustment for traditional cardiovascular risk factors, hemoglo-
bin A1c, use of medications, and other important diabetes-related confounders [33]. 
Almost identical findings were also reported in adult patients with T1DM [50].

Notably and most importantly, a number of hospital-based and population-based 
studies also reported that NAFLD (diagnosed by imaging techniques) was signifi-
cantly associated with an increased incidence of fatal and nonfatal cardiovascular 
events, independent of established cardiovascular risk factors, both in patients with 
T2DM and in those without T2DM (as extensively reviewed in [4, 62]).

For instance, the Valpolicella Diabetes Heart Study documented that patients 
with T2DM and NAFLD (who were free from prior cardiovascular disease at base-
line) had a nearly twofold increased risk of developing nonfatal ischemic heart 
disease, ischemic stroke, or cardiovascular death compared with patients without 
NAFLD over a 6.5-year follow-up period [64]. Notably, this relationship was inde-
pendent of traditional cardiovascular risk factors, diabetes duration, hemoglobin 
A1c, and use of hypoglycemic, anti-hypertensive, lipid-lowering, and antiplatelet 
drugs [64]. Similarly, in a retrospective cohort of 286 adult patients with T1DM, 
who were followed for a mean period of 5.3 years for the occurrence of incident 
CVD events (i.e., a combined endpoint inclusive of nonfatal ischemic heart disease, 
ischemic stroke, or coronary/peripheral artery revascularizations), the presence of 
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NAFLD on ultrasonography was associated with an increased risk of incident CVD 
events, independent of established cardiovascular risk factors and diabetes-related 
variables [65].

A comprehensive meta-analysis that incorporated almost 34,000 individuals in 
16 observational cohort studies concluded that the presence of NAFLD (diagnosed 
either by imaging methods  or by histology) was significantly associated with a 
nearly 65% increased risk of developing fatal and nonfatal cardiovascular events 
over a median follow-up of 6.9 years (Fig. 8.5), and that this risk increased further 
with greater severity of NAFLD (defined either by presence of hepatic steatosis on 
imaging plus either increased serum gamma-glutamyltransferase concentrations or 
high NAFLD fibrosis score or high 18F-fluoro-2-deoxyglucose uptake on positron 
emission tomography, or by increasing fibrosis stage on liver histology) [66].

Although the results of this updated meta-analysis strongly support the existence 
of a significant association between NAFLD and the risk of developing fatal and 
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nonfatal CVD events both in patients with and without diabetes, it is important to 
underline that the observational design of the eligible studies does not allow for 
proving causality [66]. Moreover, the key question of whether the prognostic role 
of NAFLD in the development of cardiovascular disease is restricted to NASH/
advanced fibrosis or is also associated with simple steatosis remains partly unre-
solved. More research is needed to address this issue.

In the past few years, compelling evidence has also emerged for a strong associa-
tion between NAFLD and risk of cardiomyopathy (mainly left ventricular diastolic 
dysfunction and hypertrophy, possibly leading to the development of congestive 
heart failure over time), cardiac valvular calcification (mainly aortic-valve sclero-
sis and mitral annulus calcification), cardiac arrhythmias (mainly permanent atrial 
fibrillation), and some cardiac conduction defects (mainly persistent first-degree 
atrio-ventricular block, right bundle branch block, and left anterior hemi-block) 
both in patients without diabetes and in those with T2DM [67]. All of these addi-
tional NAFLD-related heart diseases could further contribute to the increased risk 
of cardiovascular morbidity and mortality observed among patients with NAFLD.

A detailed description of the complex and multifactorial pathogenesis linking 
NAFLD to cardiovascular disease is beyond the scope of this chapter. However, 
there are a myriad of possible underlying mechanisms that plausibly link NAFLD 
to the development and persistence of coronary atherosclerosis, cardiomyopathy, 
cardiac arrhythmias, and certain cardiac conduction defects. Indeed, NAFLD, espe-
cially in its more advanced forms (NASH with varying amounts of liver fibrosis), 
exacerbates systemic and hepatic insulin resistance, predisposes to atherogenic dys-
lipidemia, and causes the release of multiple pro-inflammatory, pro-fibrogenic, and 
vasoactive mediators that can promote the development and progression of car-
diovascular, cardiac, and arrhythmic complications [4, 61, 62, 67]. To date, how-
ever, it should be noted that no studies have definitely established a cause–effect 
relationship, and further research is required to gain mechanistic insights into the 
pathophysiology linking NAFLD to these cardiovascular, cardiac, and arrhythmic 
complications. Moreover, it is not yet established whether addition of NAFLD to 
the currently available risk assessment equations improves CVD risk prediction. 
Finally, since NAFLD is heterogeneous and may be also caused by common genetic 
variants (e.g., patatin-like phospholipase domain-containing 3 [PNPLA3]  vari-
ants or trans-membrane 6 superfamily member 2 [TM6SF2] variants), it will be 
also interesting to ascertain whether obese/metabolic NAFLD and genetic-related 
NAFLD produce the same risk of developing cardiovascular events [4, 62, 67].

Collectively, we believe that the current evidence from the published studies 
clearly indicates that a diagnosis of NAFLD identifies a subset of individuals, which 
are exposed to at higher risk of fatal and nonfatal cardiovascular events. These find-
ings further reinforce the notion that NAFLD is a multisystem disease that affects 
many extrahepatic organ systems, including the heart and vasculature, by disrupting 
the regulation of several metabolic and inflammatory pathways [4, 61, 62, 67]. This 
concept also implies that all individuals with NAFLD should undergo careful cardio-
vascular surveillance as recommended by the most recent European, American, and 
Italian clinical practice guidelines for the management of NAFLD [68–70]. A more 
accurate, patient-centered, team-based approach to the management and treatment 
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of individuals with NAFLD, based on a careful evaluation of related cardiometa-
bolic risk factors and monitoring for cardiovascular and liver complications, will 
be needed.

8.4.4	 �NAFLD and Risk of Developing Type 2 Diabetes

The link between NAFLD and T2DM is more complex than previously thought. 
Accumulating evidence now suggests that there is a mutual and bi-directional rela-
tionship between NAFLD and T2DM, and that NAFLD may also precede and/or 
promote the development of T2DM [4, 35, 71].

A large and updated meta-analysis of 19 longitudinal studies (including nearly 
300,000 individuals and approximately 16,000 new cases of incident diabetes) con-
firmed that patients with imaging-defined NAFLD had a 2.2-fold increased risk of 
developing incident diabetes than those without NAFLD over a median follow-up 
of 5 years (Fig. 8.6), even after adjustment for age, sex, adiposity measures, and 
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Fig. 8.6  Forest plot and pooled estimates of the effect of NAFLD on the risk of incident diabetes 
in 16 eligible studies, stratified by duration of follow-up (based on the median follow-up of the 
eligible studies). (Reproduced with permission [72])
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other common metabolic risk factors [72]; the magnitude of this risk paralleled the 
underlying severity of NAFLD based on ultrasonographic steatosis scores and non-
invasive biomarkers of fibrosis (Fig. 8.7) [72].

Notably, some large Asian cohort studies also showed that the risk of incident 
T2DM appears to diminish over time following the improvement or resolution of 
NAFLD on ultrasonography, adding weight to causality and suggesting that liver-
focused treatments might reduce risk of developing  some important extrahepatic 
complications of NAFLD [73, 74].

To date, there is convincing evidence regarding the biological plausibility of the 
role of NAFLD in the development of incident T2DM. Indeed, NAFLD, especially in 
its more severe histologic forms, may interact with the regulation of multiple meta-
bolic pathways, and may be involved in the development of incident T2DM possibly 
via its direct contribution to hepatic  insulin resistance and the systemic release of 
multiple hepatokines (e.g., fetuin-A, fetuin-B, retinol binding protein-4, selenoprotein 
P) that may adversely affect glucose metabolism and insulin action [4, 35, 72, 75].

However, it remains currently uncertain whether NAFLD is causally related to 
the development of incident T2DM or is simply a marker of other shared meta-
bolic risk factors, such as expended visceral adipose tissue. Further large prospec-
tive studies are also needed in non-Asian populations, as most of the published 
studies have been conducted in Asian populations (especially in South Korean 
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people), where large populations undergo regular health check-ups, including liver 
ultrasonography. Finally, additional prospective studies are also required to estab-
lish whether adding NAFLD to the currently available algorithms will improve risk 
prediction for diabetes.

Despite the abovementioned caveats, there is now increasing evidence suggest-
ing that NAFLD is associated with an approximate doubling of risk of incident 
T2DM.  This association appears to be dose-dependent and is ameliorated with 
improvement or resolution of NAFLD over time. Consequently, current clinical 
guidelines do recommend routine screening of NAFLD patients for T2DM with 
fasting plasma glucose and hemoglobin A1c levels, or with a 75-g oral glucose tol-
erance test in high-risk patient groups [68–70].

8.5	 �Conclusions

NAFLD is a multisystem disease that affects many extrahepatic organ systems by 
disrupting the regulation of multiple metabolic and inflammatory pathways [62, 76]. 
It is important that clinical endocrinologists/diabetologists recognize the presence 
of NAFLD and its potentially devastating hepatic and extrahepatic consequences.

These clinicians have to keep in mind that NAFLD is very common in patients 
with T2DM and T1DM (affecting about 70–80% of those with T2DM and up 
to 30–40% of adult patients with T1DM), and that these patients are also more 
likely to develop the more severe histological forms of NAFLD (i.e., NASH, 
cirrhosis, and HCC). In addition, because of the close link between diabetes, 
NAFLD, and adverse vascular complications, more careful surveillance of these 
at-risk patients will be needed. Therefore, a more accurate, patient-centered, mul-
tidisciplinary-team-based approach to the management and treatment of diabetic 
patients with NAFLD, based on a careful evaluation of related cardiometabolic 
risk factors and monitoring for cardiovascular, kidney, and liver complications, 
is warranted.

Accumulating  evidence suggests that NAFLD is a frequent condition also in 
patients with other common endocrine diseases, such as PCOS and primary hypo-
thyroidism. Worryingly, these patients seem to be also more likely to develop NASH 
and advanced fibrosis. Although the observational design of the available studies 
does not allow for proving causality, and more mechanistic studies are required to 
better clarify the underlying mechanisms linking NAFLD to PCOS and primary 
hypothyroidism, we believe that the currently available literature argues for a sys-
tematic screening for NAFLD both in young women with PCOS (especially in those 
with PCOS-related androgen excess) and in patients with primary  hypothyroid-
ism. It is plausible to hypothesize that a better understanding of both the hormonal 
regulation(s) of NAFLD and the links of NAFLD with these common endocrine 
diseases will also result in future advances in the pharmacological treatment of this 
increasingly prevalent and burdensome liver disease.

Conflict of Interest  All authors have no conflicts of interest to disclose.

8  NAFLD, Diabetes, and Other Endocrine Diseases: Clinical Implications



164

References

	 1.	Lonardo A, Bellentani S, Argo CK, Ballestri S, Byrne CD, Caldwell SH, Cortez-Pinto H, 
Grieco A, Machado MV, Miele L, Targher G. Epidemiological modifiers of non-alcoholic fatty 
liver disease: focus on high-risk groups. Dig Liver Dis. 2015;7:997–1006.

	 2.	Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, George J, Bugianesi 
E. Global burden of NAFLD and NASH: trends, predictions, risk factors and prevention. Nat 
Rev Gastroenterol Hepatol. 2018;15:11–20.

	 3.	Byrne CD, Patel J, Scorletti E, Targher G. Tests for diagnosing and monitoring non-alcoholic 
fatty liver disease in adults. BMJ. 2018;362:k2734.

	 4.	Lonardo A, Nascimbeni F, Mantovani A, Targher G. Hypertension, diabetes, atherosclerosis 
and NASH: cause or consequence? J Hepatol. 2018;68:335–52.

	 5.	Loria P, Carulli L, Bertolotti M, Lonardo A. Endocrine and liver interaction: the role of endo-
crine pathways in NASH. Nat Rev Gastroenterol Hepatol. 2009;6:236–47.

	 6.	Hazlehurst JM, Tomlinson JW. Non-alcoholic fatty liver disease in common endocrine disor-
ders. Eur J Endocrinol. 2013;169:R27–37.

	 7.	Targher G, Rossini M, Lonardo A. Evidence that non-alcoholic fatty liver disease and poly-
cystic ovary syndrome are associated by necessity rather than chance: a novel hepato-ovarian 
axis? Endocrine. 2016;51:211–21.

	 8.	Armstrong MJ, Adams LA, Canbay A, Syn WK. Extrahepatic complications of nonalcoholic 
fatty liver disease. Hepatology. 2014;59:1174–97.

	 9.	McCartney CR, Marshall JC. Clinical practice. Polycystic ovary syndrome. N Engl J Med. 
2016;375:54–64.

	10.	Wu J, Yao XY, Shi RX, Liu SF, Wang XY. A potential link between polycystic ovary syndrome 
and non-alcoholic fatty liver disease: an update meta-analysis. Reprod Health. 2018;15:77.

	11.	Rocha ALL, Faria LC, Guimarães TCM, Moreira GV, Cândido AL, Couto CA, Reis FM. Non-
alcoholic fatty liver disease in women with polycystic ovary syndrome: systematic review and 
meta-analysis. J Endocrinol Invest. 2017;40:1279–88.

	12.	Jones H, Sprung VS, Pugh CJ, Daousi C, Irwin A, Aziz N, Adams VL, Thomas EL, Bell JD, 
Kemp GJ, Cuthbertson DJ. Polycystic ovary syndrome with hyperandrogenism is character-
ized by an increased risk of hepatic steatosis compared to nonhyperandrogenic PCOS pheno-
types and healthy controls, independent of obesity and insulin resistance. J Clin Endocrinol 
Metab. 2012;97:3709–16.

	13.	Kim JJ, Kim D, Yim JY, Kang JH, Han KH, Kim SM, Hwang KR, Ku SY, Suh CS, Kim SH, 
Choi YM. Polycystic ovary syndrome with hyperandrogenism as a risk factor for non-obese 
non-alcoholic fatty liver disease. Aliment Pharmacol Ther. 2017;45:1403–12.

	14.	Kumarendran B, O’Reilly MW, Manolopoulos KN, Toulis KA, Gokhale KM, Sitch AJ, 
Wijeyaratne CN, Coomarasamy A, Arlt W, Nirantharakumar K. Polycystic ovary syndrome, 
androgen excess, and the risk of nonalcoholic fatty liver disease in women: a longitudinal 
study based on a United Kingdom primary care database. PLoS Med. 2018;15:e1002542.

	15.	Brzozowska MM, Ostapowicz G, Weltman MD. An association between non-alcoholic fatty 
liver disease and polycystic ovarian syndrome. J Gastroenterol Hepatol. 2009;24:243–7.

	16.	Hossain N, Stepanova M, Afendy A, Nader F, Younossi Y, Rafiq N, Goodman Z, Younossi 
ZM.  Non-alcoholic steatohepatitis (NASH) in patients with polycystic ovarian syndrome 
(PCOS). Scand J Gastroenterol. 2011;46:479–84.

	17.	Setji TL, Holland ND, Sanders LL, Pereira KC, Diehl AM, Brown AJ. Nonalcoholic steato-
hepatitis and nonalcoholic fatty liver disease in young women with polycystic ovary syndrome. 
J Clin Endocrinol Metab. 2006;91:1741–7.

	18.	Garber JR, Cobin RH, Gharib H, Hennessey JV, Klein I, Mechanick JI, Pessah-Pollack R, 
Singer PA, Woeber KA, American Association of Clinical Endocrinologists and American 
Thyroid Association Taskforce on Hypothyroidism in Adults. Clinical practice guide-
lines for hypothyroidism in adults: cosponsored by the American Association of Clinical 
Endocrinologists and the American Thyroid Association. Endocr Pract. 2012;18:988–1028.

G. Targher and A. Mantovani



165

	19.	Sinha RA, Singh BK, Yen PM. Direct effects of thyroid hormones on hepatic lipid metabolism. 
Nat Rev Endocrinol. 2018;14:259–69.

	20.	Efstathiadou ZA, Kita MD, Polyzos SA. Thyroid dysfunction and non-alcoholic fatty liver 
disease. Minerva Endocrinol. 2018;43:367–76.

	21.	Liangpunsakul S, Chalasani N. Is hypothyroidism a risk factor for non-alcoholic steatohepati-
tis? J Clin Gastroenterol. 2003;37:340–3.

	22.	Pagadala MR, Zein CO, Dasarathy S, Yerian LM, Lopez R, McCullough AJ. Prevalence of 
hypothyroidism in nonalcoholic fatty liver disease. Dig Dis Sci. 2012;57:528–34.

	23.	Xu L, Ma H, Miao M, Li Y. Impact of subclinical hypothyroidism on the development of non-
alcoholic fatty liver disease: a prospective case-control study. J Hepatol. 2012;57:1153–4.

	24.	Posadas-Romero C, Jorge-Galarza E, Posadas-Sánchez R, Acuña-Valerio J, Juárez-Rojas JG, 
Kimura-Hayama E, Medina-Urrutia A, Cardoso-Saldaña GC. Fatty liver largely explains asso-
ciations of subclinical hypothyroidism with insulin resistance, metabolic syndrome, and sub-
clinical coronary atherosclerosis. Eur J Endocrinol. 2014;171:319–25.

	25.	Ludwig U, Holzner D, Denzer C, Greinert A, Haenle MM, Oeztuerk S, Koenig W, Boehm BO, 
Mason RA, Kratzer W, Graeter T, EMIL-Study. Subclinical and clinical hypothyroidism and 
non-alcoholic fatty liver disease: a cross-sectional study of a random population sample aged 
18 to 65 years. BMC Endocr Disord. 2015;15:41.

	26.	Mantovani A, Nascimbeni F, Lonardo A, Zoppini G, Bonora E, Mantzoros CS, Targher 
G. Association between primary hypothyroidism and nonalcoholic fatty liver disease: a sys-
tematic review and meta-analysis. Thyroid. 2018;28:1270.

	27.	Lee KW, Bang KB, Rhee EJ, Kwon HJ, Lee MY, Cho YK. Impact of hypothyroidism on the 
development of non-alcoholic fatty liver disease: a 4-year retrospective cohort study. Clin Mol 
Hepatol. 2015;21:372–8.

	28.	Bano A, Chaker L, Plompen EP, Hofman A, Dehghan A, Franco OH, Janssen HL, Darwish 
Murad S, Peeters RP. Thyroid function and the risk of nonalcoholic fatty liver disease: the 
Rotterdam study. J Clin Endocrinol Metab. 2016;101:3204–11.

	29.	Yan F, Wang Q, Lu M, Chen W, Song Y, Jing F, Guan Y, Wang L, Lin Y, Bo T, Zhang J, Wang 
T, Xin W, Yu C, Guan Q, Zhou X, Gao L, Xu C, Zhao J. Thyrotropin increases hepatic triglyc-
eride content through upregulation of SREBP-1c activity. J Hepatol. 2014;61:1358–64.

	30.	Sinha RA, Yen PM.  Thyroid hormone-mediated autophagy and mitochondrial turnover in 
NAFLD. Cell Biosci. 2016;6:46.

	31.	Bruinstroop E, Dalan R, Yang C, Bee YM, Chandran K, Cho LW, Soh SB, Teo EK, Toh SA, 
Leow MKS, Sinha RA, Sadananthan SA, Michael N, Stapleton H, Leung C, Angus PW, Patel 
SK, Burrell LM, Chi LS, Fang SC, Velan SS, Yen PM. Low dose levothyroxine reduces intra-
hepatic lipid content in patients with type 2 diabetes mellitus and NAFLD. J Clin Endocrinol 
Metab. 2018;103:2698. https://doi.org/10.1210/jc.2018-00475 . [Epub ahead of print].

	32.	Targher G, Lonardo A, Byrne CD. Nonalcoholic fatty liver disease and chronic vascular com-
plications of diabetes mellitus. Nat Rev Endocrinol. 2018;14:99–114.

	33.	Targher G, Bertolini L, Padovani R, Rodella S, Tessari R, Zenari L, Day C, Arcaro G. Prevalence 
of nonalcoholic fatty liver disease and its association with cardiovascular disease among type 2 
diabetic patients. Diabetes Care. 2007;30:1212–8.

	34.	Targher G, Byrne CD.  Clinical review: nonalcoholic fatty liver disease: a novel cardio-
metabolic risk factor for type 2 diabetes and its complications. J Clin Endocrinol Metab. 
2013;98:483–95.

	35.	Anstee QM, Targher G, Day CP. Progression of NAFLD to diabetes mellitus, cardiovascular 
disease or cirrhosis. Nat Rev Gastroenterol Hepatol. 2013;10:330–44.

	36.	Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi K, Charlton M, Sanyal 
AJ, American Gastroenterological Association; American Association for the Study of 
Liver Diseases; American College of Gastroenterology. The diagnosis and management of 
non-alcoholic fatty liver disease: practice guideline by the American Gastroenterological 
Association, American Association for the Study of Liver Diseases, and American College of 
Gastroenterology. Gastroenterology. 2012;142:1592–609.

8  NAFLD, Diabetes, and Other Endocrine Diseases: Clinical Implications

https://doi.org/10.1210/jc.2018-00475


166

	37.	McPherson S, Hardy T, Henderson E, Burt AD, Day CP, Anstee QM. Evidence of NAFLD 
progression from steatosis to fibrosing-steatohepatitis using paired biopsies: implications for 
prognosis and clinical management. J Hepatol. 2015;62:1148–55.

	38.	Doycheva I, Cui J, Nguyen P, Costa EA, Hooker J, Hofflich H, Bettencourt R, Brouha S, Sirlin 
CB, Loomba R. Non-invasive screening of diabetics in primary care for NAFLD and advanced 
fibrosis by MRI and MRE. Aliment Pharmacol Ther. 2016;43:83–95.

	39.	Kwok R, Choi KC, Wong GL, Zhang Y, Chan HL, Luk AO, Shu SS, Chan AW, Yeung MW, 
Chan JC, Kong AP, Wong VW. Screening diabetic patients for non-alcoholic fatty liver disease 
with controlled attenuation parameter and liver stiffness measurements: a prospective cohort 
study. Gut. 2016;65:1359–68.

	40.	Bazick J, Donithan M, Neuschwander-Tetri BA, Kleiner D, Brunt EM, Wilson L, Doo E, 
Lavine J, Tonascia J, Loomba R. Clinical model for NASH and advanced fibrosis in adult 
patients with diabetes and NAFLD: guidelines for referral in NAFLD. Diabetes Care. 2015;38: 
1347–55.

	41.	Portillo-Sanchez P, Bril F, Maximos M, Lomonaco R, Biernacki D, Orsak B, Subbarayan S, 
Webb A, Hecht J, Cusi K. High prevalence of nonalcoholic fatty liver disease in patients with 
type 2 diabetes mellitus and normal plasma aminotransferase levels. J Clin Endocrinol Metab. 
2015;100:2231–8.

	42.	Porepa L, Ray JG, Sanchez-Romeu P, Booth GL. Newly diagnosed diabetes mellitus as a risk 
factor for serious liver disease. CMAJ. 2010;182:E526–31.

	43.	Michelotti GA, Machado MV, Diehl AM.  NAFLD, NASH and liver cancer. Nat Rev 
Gastroenterol Hepatol. 2013;10:656–65.

	44.	Reeves HL, Zaki MY, Day CP.  Hepatocellular carcinoma in obesity, type 2 diabetes, and 
NAFLD. Dig Dis Sci. 2016;61:1234–45.

	45.	Singh S, Singh PP, Singh AG, Murad MH, Sanchez W.  Anti-diabetic medications and the 
risk of hepatocellular cancer: a systematic review and meta-analysis. Am J Gastroenterol. 
2013;108:881–91.

	46.	Zhang ZJ, Zheng ZJ, Shi R, Su Q, Jiang Q, Kip KE. Metformin for liver cancer prevention in 
patients with type 2 diabetes: a systematic review and meta-analysis. J Clin Endocrinol Metab. 
2012;97:2347–53.

	47.	Zoppini G, Fedeli U, Gennaro N, Saugo M, Targher G, Bonora E. Mortality from chronic liver 
diseases in diabetes. Am J Gastroenterol. 2014;109:1020–5.

	48.	Adams LA, Harmsen S, St Sauver JL, Charatcharoenwitthaya P, Enders FB, Therneau T, 
Angulo P. Nonalcoholic fatty liver disease increases risk of death among patients with diabe-
tes: a community-based cohort study. Am J Gastroenterol. 2010;105:1567–73.

	49.	Wild SH, Morling JR, McAllister DA, Kerssens J, Fischbacher C, Parkes J, Roderick PJ, Sattar 
N, Byrne CD, Scottish and Southampton Diabetes and Liver Disease Group; Scottish Diabetes 
Research Network Epidemiology Group. Type 2 diabetes and risk of hospital admission or 
death for chronic liver diseases. J Hepatol. 2016;64:1358–64.

	50.	Targher G, Bertolini L, Padovani R, Rodella S, Zoppini G, Pichiri I, Sorgato C, Zenari L, 
Bonora E. Prevalence of non-alcoholic fatty liver disease and its association with cardiovascu-
lar disease in patients with type 1 diabetes. J Hepatol. 2010;53:713–8.

	51.	Harman DJ, Kaye PV, Harris R, Suzuki A, Gazis A, Aithal GP. Prevalence and natural history 
of histologically proven chronic liver disease in a longitudinal cohort of patients with type 1 
diabetes. Hepatology. 2014;60:158–68.

	52.	Targher G, Bertolini L, Rodella S, Zoppini G, Lippi G, Day C, Muggeo M. Non-alcoholic 
fatty liver disease is independently associated with an increased prevalence of chronic kidney 
disease and proliferative/laser-treated retinopathy in type 2 diabetic patients. Diabetologia. 
2008;51:444–50.

	53.	Targher G, Chonchol MB, Byrne CD. CKD and nonalcoholic fatty liver disease. Am J Kidney 
Dis. 2014;64:638–52.

	54.	Targher G, Bertolini L, Chonchol M, Rodella S, Zoppini G, Lippi G, Zenari L, Bonora E. Non-
alcoholic fatty liver disease is independently associated with an increased prevalence of chronic 
kidney disease and retinopathy in type 1 diabetic patients. Diabetologia. 2010;53:1341–8.

G. Targher and A. Mantovani



167

	55.	Targher G, Chonchol M, Bertolini L, Rodella S, Zenari L, Lippi G, Franchini M, Zoppini G, 
Muggeo M. Increased risk of CKD among type 2 diabetics with nonalcoholic fatty liver dis-
ease. J Am Soc Nephrol. 2008;19:1564–70.

	56.	Targher G, Mantovani A, Pichiri I, Mingolla L, Cavalieri V, Mantovani W, Pancheri S, 
Trombetta M, Zoppini G, Chonchol M, Byrne CD, Bonora E. Nonalcoholic fatty liver disease 
is independently associated with an increased incidence of chronic kidney disease in patients 
with type 1 diabetes. Diabetes Care. 2014;37:1729–36.

	57.	Mantovani A, Zaza G, Byrne CD, Lonardo A, Zoppini G, Bonora E, Targher G. Nonalcoholic 
fatty liver disease increases risk of incident chronic kidney disease: a systematic review and 
meta-analysis. Metabolism. 2018;79:64–76.

	58.	Mantovani A, Rigolon R, Mingolla L, Pichiri I, Cavalieri V, Salvotelli L, Stoico V, Zoppini G, 
Bonora E, Targher G. Nonalcoholic fatty liver disease is associated with an increased preva-
lence of distal symmetric polyneuropathy in adult patients with type 1 diabetes. J Diabetes 
Complications. 2017;31:1021–6.

	59.	Ziegler D, Strom A, Kupriyanova Y, Bierwagen A, Bönhof GJ, Bódis K, Müssig K, Szendroedi 
J, Bobrov P, Markgraf DF, Hwang JH, Roden M, German Diabetes Study Group. Association 
of lower cardiovagal tone and baroreflex sensitivity with higher liver fat content early in type 
2 diabetes. J Clin Endocrinol Metab. 2018;103:1130–8.

	60.	Targher G, Byrne CD. Non-alcoholic fatty liver disease: an emerging driving force in chronic 
kidney disease. Nat Rev Nephrol. 2017;13:297–310.

	61.	Targher G, Day CP, Bonora E. Risk of cardiovascular disease in patients with nonalcoholic 
fatty liver disease. N Engl J Med. 2010;363:1341–50.

	62.	Adams LA, Anstee QM, Tilg H, Targher G. Non-alcoholic fatty liver disease and its relation-
ship with cardiovascular disease and other extrahepatic diseases. Gut. 2017;66:1138–53.

	63.	Dulai PS, Singh S, Patel J, Soni M, Prokop LJ, Younossi Z, Sebastiani G, Ekstedt M, Hagstrom 
H, Nasr P, Stal P, Wong VW, Kechagias S, Hultcrantz R, Loomba R. Increased risk of mortal-
ity by fibrosis stage in nonalcoholic fatty liver disease: systematic review and meta-analysis. 
Hepatology. 2017;65:1557–65.

	64.	Targher G, Bertolini L, Rodella S, Tessari R, Zenari L, Lippi G, Arcaro G. Nonalcoholic fatty 
liver disease is independently associated with an increased incidence of cardiovascular events 
in type 2 diabetic patients. Diabetes Care. 2007;30:2119–221.

	65.	Mantovani A, Mingolla L, Rigolon R, Pichiri I, Cavalieri V, Zoppini G, Lippi G, Bonora E, 
Targher G.  Nonalcoholic fatty liver disease is independently associated with an increased 
incidence of cardiovascular disease in adult patients with type 1 diabetes. Int J Cardiol. 
2016;225:387–91.

	66.	Targher G, Byrne CD, Lonardo A, Zoppini G, Barbui C. Nonalcoholic fatty liver disease and 
risk of incident cardiovascular disease: a meta-analysis. J Hepatol. 2016;65:589–600.

	67.	Anstee QM, Mantovani A, Tilg H, Targher G. Risk of cardiomyopathy and cardiac arrhyth-
mias in patients with nonalcoholic fatty liver disease. Nat Rev Gastroenterol Hepatol. 
2018;15:425–39.

	68.	European Association for the Study of the Liver (EASL); European Association for the 
Study of Diabetes (EASD); European Association for the Study of Obesity (EASO). 
EASL-EASD-EASO clinical practice guidelines for the management of non-alcoholic fatty 
liver disease. Diabetologia. 2016;59:1121–40.

	69.	 Italian Association for the Study of the Liver (AISF). AISF position paper on nonalcoholic 
fatty liver disease (NAFLD): updates and future directions. Dig Liver Dis. 2017;49:471–83.

	70.	Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, Harrison SA, Brunt 
EM, Sanyal AJ.  The diagnosis and management of nonalcoholic fatty liver disease: prac-
tice guidance from the American Association for the Study of Liver Diseases. Hepatology. 
2018;67:328–57.

	71.	Targher G, Marchesini G, Byrne CD. Risk of type 2 diabetes in patients with non-alcoholic 
fatty liver disease: causal association or epiphenomenon? Diabetes Metab. 2016;42:142–56.

	72.	Mantovani A, Byrne CD, Bonora E, Targher G. Nonalcoholic fatty liver disease and risk of 
incident type 2 diabetes: a meta-analysis. Diabetes Care. 2018;41:372–82.

8  NAFLD, Diabetes, and Other Endocrine Diseases: Clinical Implications



168

	73.	Sung KC, Wild SH, Byrne CD. Resolution of fatty liver and risk of incident diabetes. J Clin 
Endocrinol Metab. 2013;98:3637–43.

	74.	Yamazaki H, Tsuboya T, Tsuji K, Dohke M, Maguchi H.  Independent association between 
improvement of nonalcoholic fatty liver disease and reduced incidence of type 2 diabetes. 
Diabetes Care. 2015;38:1673–9.

	75.	Lonardo A, Targher G. From a fatty liver to a sugary blood. Dig Liver Dis. 2018;50:378–80.
	76.	Byrne CD, Targher G. NAFLD: a multisystem disease. J Hepatol. 2015;62(1 suppl):S47–64.

G. Targher and A. Mantovani


	8: NAFLD, Diabetes, and Other Endocrine Diseases: Clinical Implications
	8.1	 Introduction
	8.2	 Epidemiological Evidence Linking NAFLD to Polycystic Ovary Syndrome
	8.3	 Epidemiological Evidence Linking NAFLD to Primary Hypothyroidism
	8.4	 Epidemiological Evidence Linking NAFLD to Diabetes Mellitus
	8.4.1	 Prevalence of NAFLD in Diabetes and Risk of Liver-Related Complications
	8.4.2	 NAFLD and Risk of Chronic Kidney Disease and Other Microvascular Complications
	8.4.3	 NAFLD and Risk of Macrovascular Complications
	8.4.4	 NAFLD and Risk of Developing Type 2 Diabetes

	8.5	 Conclusions
	References


