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Abstract
Non-alcoholic fatty liver disease (NAFLD) has become one of the most common 
chronic liver diseases worldwide. A strong relationship exists between NAFLD 
and diabetes mellitus. There is growing evidence of a mechanistically complex 
and strong association between the two diseases. Current data also shows that one 
disease actually leads to worsening of the other and vice versa. Understanding of 
the various pathophysiological mechanisms involved, natural history and 
spectrum of these two diseases is essential not only for early diagnosis and 
management but also for prevention of severe disease forms. Despite the 
tremendous progress made in recent times in acquiring knowledge about these 
highly prevalent diseases, the guidelines and recommendations for screening and 
management of diabetics with NAFLD remain ambiguous. An interdisciplinary 
approach is required to not only raise awareness of the prevalence of NAFLD in 
diabetics but also for better patient management. This can help attenuate the 
development of significant complications, such as cirrhosis, decompensation and 
hepatocellular carcinoma in these patients, thereby halting NAFLD in its tracks. 
This review focuses on the pivotal role of primary care physicians and endocrino-
logists in identification of NAFLD in diabetics in early stages and the role of 
proactive screening for prompt referral to hepatologist.

Key Words: Fibrosis; Diabetes; Insulin resistance; Non-alcoholic fatty liver disease; Non-
alcoholic steatohepatitis; Steatosis
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Core Tip: With prevalence of non-alcoholic fatty liver disease (NAFLD) in diabetics 
being substantial, there is a need for its increased awareness and knowledge in the 
primary care physicians and endocrinologists. It is important to understand that these 
patients have the propensity to develop more severe forms of liver diseases, and their 
early identification and management can help in providing a stitch in time. We have 
reviewed in detail, the currently available societal guidance on screening of NAFLD in 
diabetics, especially with regards to high-risk patients that require hepatologist’s 
referral. We have even proposed a screening protocol for these patients based on 
available literature. This will not only help the treating physicians in identifying the 
disease in its incipient stages but also help in patient’s timely referral.

Citation: Khandelwal R, Dassanayake AS, Conjeevaram HS, Singh SP. Non-alcoholic fatty 
liver disease in diabetes: When to refer to the hepatologist? World J Diabetes 2021; 12(9): 
1479-1493
URL: https://www.wjgnet.com/1948-9358/full/v12/i9/1479.htm
DOI: https://dx.doi.org/10.4239/wjd.v12.i9.1479

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) has assumed the status of major global 
health concern in recent times. It has become the most common chronic liver disease 
(CLD) worldwide, with prevalence among the general population being 25%-35%[1]. 
NAFLD is increasingly being recognized not only in adults but also in children and 
adolescents, adding further to the disease burden[2]. An individual is said to have 
NAFLD if the liver biopsy or imaging shows evidence of hepatic steatosis (≥ 5% liver 
fat) with background history of little or no alcohol consumption and in the absence of 
other liver diseases/conditions leading to hepatic steatosis[3]. The disease spectrum 
varies from simple steatosis (simple fatty liver) to the more severe and progressive 
non-alcoholic steatohepatitis (NASH) and cirrhosis[4,5]. Cirrhosis due to NASH is 
currently the second leading etiology for liver transplantation in the United States as 
well as in Europe and is projected to become the leading indication in the next decade
[6,7]. The risk factors associated with NAFLD are also linked with other manifestations 
of metabolic syndrome viz diabetes, dyslipidemia, obesity and hypertension 
suggesting a relationship between these metabolic traits and the likelihood of 
developing NAFLD and also advanced fibrosis[8-10]. Studies have shown that 70%-
80% of diabetics have NAFLD[11,12]. The presence of diabetes and obesity in patients 
with NAFLD has consistently been shown to be a key predictor of inflammatory 
disease progression leading to NASH and advanced fibrosis[13-15]. It is noteworthy 
that NAFLD is also frequent in subjects at increased risk for developing diabetes, 
including patients with the metabolic syndrome[13,16] and women with gestational 
diabetes or polycystic ovary syndrome[17], further underscoring the relationship 
between the two diseases. The strong association, as highlighted by various studies, is 
mechanistically complex, and NAFLD may precede or succeed diabetes onset[18,19]. 
Despite this, ambiguity remains in the guidelines and recommendations for screening 
of diabetic patients for NAFLD and vice versa, and their management. As most of the 
diabetic patients and patients with metabolic syndrome are under long-term treatment 
from an endocrinologist or a general physician, they are unlikely to visit a hepatologist 
for liver assessment and risk stratification, before they develop significant liver-related 
morbidity. This article represents an effort to understand and examine not only the 
link between the two diseases but to also review the available guidelines and 
screening strategies, and suggest future directives for these patients. Timely referral to 
a specialist can surely help nip ‘the epidemic of this liver disease’ in the bud.

ASSOCIATION BETWEEN NAFLD AND DIABETES - ARE THEY CO-
PREVALENT OR CORRELATED?
NAFLD has often been referred to as the “hepatic manifestation” of metabolic 
syndrome[20]. It is known that lipid accumulation is the hallmark of NAFLD. In order 

https://www.wjgnet.com/1948-9358/full/v12/i9/1479.htm
https://dx.doi.org/10.4239/wjd.v12.i9.1479
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to understand if NAFLD is the cause or consequence of diabetes or are they both just 
co-passengers, we need to delve deeper into the pathophysiology of the two entities.

Cross-talk between adipose tissue, insulin and liver in normal individuals
Adipose tissue present in the body not only acts as a storage depot but also prevents 
ectopic lipid deposition in muscle, liver, heart, and other tissues. Besides, it also acts as 
an endocrine gland, secreting many hormones, cytokines, and vasoactive substances
[21]. It has been found that upon eating a meal, there is an increase in the rate of 
insulin secretion, that facilitates the entry of glucose into the adipocytes[22] enabling 
the generation of L-α-glycerophosphate needed for triglyceride formation[23]. Insulin 
also increases the lipoprotein lipase activity in adipose tissue, thus promoting the 
generation of free fatty acids (FFAs) from chylomicron-triglyceride which leads to 
increase in the rate of entry of FFAs into adipocytes[24]. Besides, insulin is known to 
inhibit the action of hormone-sensitive lipase, the enzyme that causes hydrolysis of the 
triglycerides already stored in the adipocytes, further reducing the levels of circulating 
FFAs and glycerol[25]. The various adipokines released from adipose tissue, including 
adiponectin and cytokines, regulate liver energy metabolism[26]. In addition, 
adiponectin also stimulates β oxidation in the liver and improves liver insulin 
sensitivity[27].

When carbohydrates are abundant, the liver not only utilizes glucose as the main 
metabolic fuel but also converts glucose into fatty acids[28]. Hepatocytes derive FFAs 
either from diet or from adipose tissue via lipolysis and/or from hepatic de novo 
lipogenesis (DNL)[28]. Once inside the hepatocytes, the FFAs are acted on by acyl-CoA 
synthases to form fatty acyl-CoAs, which may enter either esterification and/or β-
oxidation pathways[29]. Studies have shown that 59% triacylglycerols (TAGs) that 
tend to accumulate in liver, come from circulating FFAs; DNL, which is the process in 
which carbohydrates are converted to lipids, contributes to 26% and the rest 14% is 
from the diet[30]. The TAGs and cholesterol esters are either stored in lipid droplets 
within hepatocytes or secreted into the circulation as very-low density lipoprotein 
(VLDL) particles. Insulin has an important action in liver as it potently suppresses 
gluconeogenesis in liver and stimulates lipogenesis[28]. TAG accumulation is not 
hepatotoxic per se and could represent a defensive mechanism to balance FFA excess, 
as demonstrated in mouse models[31]. Studies have shown that increased TAG 
concentration is an epiphenomenon which happens simultaneously with toxic 
metabolite generation, lipotoxicity and liver injury[32].

Normally, in the liver, there is a fine balance between lipid uptake (in the form of 
FFAs/DNL, and esterification) and lipid disposal (in the form of metabolism/β-
oxidation and elimination as VLDLs)[33]. In patients with NAFLD, it has been 
demonstrated that VLDL removal, at times, is unable to keep pace with the increased 
rate of TAG uptake and intrahepatic production[33], leading to metabolic dis-
turbances.

Insulin resistance: The key player in NAFLD and diabetes
The pathogenesis of NAFLD was earlier explained by the ‘two-hits hypothesis’, 
according to which the ‘first hit’ was hepatic accumulation of lipids, occurring 
secondary to sedentary lifestyle, high fat diet, obesity and insulin resistance (IR). This 
sensitized the liver to further insults, which acted as ‘second hit’, thereby leading to 
activation of inflammatory cascades and fibrogenesis[34]. The dictum that steatosis 
always precedes inflammation has now largely been discarded, as it was discovered 
that NASH can also present in liver ‘de novo’. Indeed, the timing and combination of 
genetic, external and intracellular events, rather than the simple sum of hepatic insults, 
result in different pathways leading to steatosis or NASH[35]. In order to overcome 
the shortcomings, the ‘multiple hit’ theory for pathogenesis of NAFLD has been 
proposed. Such hits include IR, hormones from the adipose tissue, nutritional factors, 
gut microbiota, and genetic and epigenetic factors[36].

IR has been highlighted as one of the key events occurring in NAFLD and diabetes, 
but difficulty lies in establishing if it is the cause or the consequence[37]. The link 
between diabetes and NAFLD can be described by a spectrum of metabolic changes 
represented by IR, defective hepatic lipid profile and TAG metabolism causing fat 
accumulation, immune responses, and/or subsequent hyperinsulinemia as 
determined by the β-cell dysfunction in diabetes[37].

Presence of IR in NAFLD has also been substantiated in one study which showed 
that lean non-diabetic men with increased liver fat (as quantified by MRS) had both 
hepatic and adipose tissue IR along with impaired insulin suppression of glucose 
production and serum FFAs, when compared with subjects matched for both body 
mass index (BMI) and intra-abdominal fat but having low levels of hepatic fat[38].
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IR and the liver
IR causes decrease in the rate of glycogen synthesis, along with increased rate of 
gluconeogenesis in liver[30]. The increase in intrahepatic glucose and resultant 
glycolysis provide substrates for DNL. There is increased production of acetylCoA 
which gets converted to malonylCoA that gets sequestered towards DNL as a 
substrate, thereby leading to hepatic steatosis[30]. Transcriptional regulation of DNL is 
primarily orchestrated by the sterol regulating element binding protein 1c (SREBP1c)
[39]. Glucose and insulin promote lipogenesis through activation of the carbohydrate 
response element binding protein (ChREBP) and SREBP1c[39]. In states of IR, SREBP-
1c is over-expressed and DNL is up-regulated[40]. SREBP1c can enhance the 
generation of harmful lipid molecules, such as diacylglycerol and ceramides, which 
further enhance IR. This results in a positive feedback loop in which hepatic DNL 
helps IR and IR stimulates hepatic DNL[41]. Also, β-oxidation of FFAs is inhibited in 
IR states, further promoting accumulation of hepatic lipids[42]. Excess of stored fat 
leads to abnormal lipid peroxidation and release of pro-inflammatory cytokines, high 
reactive oxygen species, and reactive nitrogen species causing liver disease[37]. The 
role of abnormal adipocyte and liver macrophage activity has also been highlighted in 
research models[37].

FFAs in the hepatocytes can induce defects in insulin signaling pathways through 
serine-kinase activation, thereby contributing to the IR[43]. Further, the increased 
FFAs released, due to excessive intra-hepatic TAGs, cause hepatic IR and inflam-
mation[44], and localized intrahepatic inflammation can contribute to peripheral IR
[45]. In addition to this, an increase in circulating FFAs impairs the ability of insulin to 
suppress endogenous glucose production and may directly enhance hepatic glucose 
production[25]. This explains why hepatic steatosis resolution can prevent diabetes 
onset[46].

IR and adipose tissue
IR by its action on adipose tissue, causes lipolysis, increasing the flux of FFAs to the 
liver. The adipocyte tissue becomes inflamed and dysfunctional and releases 
adipokines and inflammatory cytokines, such asinterleukin-6 and tumor necrosis 
factor (TNF)α-1, and there is decreased release of anti-inflammatory adiponectin[47]. 
The imbalance between pro-insulin (adiponectin, leptin) and anti-insulin (TNFα) 
cytokines further helps in the development of IR[48]. A novel adipokine, Gremlin 1, 
that antagonizes insulin signaling is positively correlated with the percentage of body 
fat and IR in diabetes and NAFLD/NASH subjects, and may become a potential 
biomarker or therapeutic target in the future[49].

Other mechanisms behind association of NAFLD and diabetes
Some researchers have proposed that chronic hyperglycemia (“glucose toxicity” or 
glucotoxicity), especially in patients with diabetes, may play an important role in 
development of NASH, further underscoring the interplay between NAFLD and 
diabetes[50]. Proposed mechanisms that need to be validated include hepatic inflam-
mation and oxidative stress due to hyperglycemia, accelerated production of advanced 
glycosylation end-products and development of inflammation in Kupffer and hepatic 
stellate cells, alteration of the hepatocyte microenvironment by glucotoxicity, up-
regulation by hyperglycemia of genes involved in key lipogenic and glycolytic 
pathways (such as the transcription factor ChREBP, stimulation of liver-pyruvate 
kinase, and many others), activation by high-fructose diets of DNL, along with up-
regulation of inflammatory pathways[50]. Some theories also suggest that gut 
microbiome alteration and dietary habits are other mechanisms that induce and 
maintain diabetes and/or NAFLD[51].

As research to unravel the pathophysiological correlation between NAFLD and 
diabetes continues, the role of a new ‘liver-pancreas’ axis, existing between the liver 
and pancreatic α-cells, has emerged[52]. Pancreatic α-cells are known to secrete 
glucagon[53]. A study has shown that normal glucose-tolerant obese patients have 
fasting hyperglucagonemia, which is related to liver steatosis[53]. It has also been 
shown that besides hepatic IR, glucagon resistance can also putatively contribute to 
diabetes development in NAFLD patients[54].

Figure 1 schematically illustrates the pathophysiologic association between NAFLD 
and diabetes.

Many studies in NAFLD patients have also highlighted that both genetic and 
environmental factors interfere with the insulin signaling cascade and become cardinal 
in maintaining and worsening of IR[36]. Various molecular mechanisms that may be 
involved include serine phosphorylation of ‘insulin receptor substrate’ by inflam-
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Figure 1 Pathophysiologic association between diabetes and non-alcoholic fatty liver disease. NAFLD: Non-alcoholic fatty liver disease.

matory signal transducers, such as c-Jun N-terminal protein kinase 1 or inhibitor of 
nuclear factor-jB kinase-b, activation of nuclear factor kappa B and suppressors of 
cytokine signaling[36].

It is interesting to note that not all studies show the positive relationship of diabetes 
and NAFLD. Recently, few genotype/phenotype-related studies have shown a dispro-
portional development of diabetes in patients of NAFLD having specific gene variants, 
such as the patatin-like phospholipase domain-containing 3 (PNPLA3 rs738409 GG) 
and transmembrane 6 superfamily member 2 protein (TM6SF2 rs58542926 C>T gene)
[55]. Other NAFLD-related gene variants, such as LYPLAL1 and MBOAT7, have also 
shown no increase in the risk of diabetes in these patients[55].

NATURAL HISTORY AND DISEASE SPECTRUM OF NAFLD AND 
DIABETES
While the pathophysiologic association of diabetes and NAFLD is partly because of 
the “common soil”, the clinical course of the two entities appears to be like an 
inextricably intertwined vine. NAFLD, as a disease, has been studied for many years 
and is broadly divided into two pathologically distinct conditions with different 
prognoses, namely: non-alcoholic fatty liver (NAFL) (i.e. pure steatosis or steatosis 
with mild lobular inflammation) and NASH[15]. The latter encompasses a wide 
spectrum of disease, including fibrosis and cirrhosis, and may be associated with 
hepatocellular carcinoma (HCC). NASH is further sub-classified as early NASH with 
no or mild (F0-F1) fibrosis, fibrotic NASH with significant (≥ F2) or advanced (≥ F3, 
bridging) fibrosis and NASH-cirrhosis with F4 fibrosis[15]. It is often difficult to differ-
entiate NAFL from the progressive NASH, as patients are usually asymptomatic with 
normal liver enzyme levels, and imaging tests may at times fail to identify the steatosis 
and fibrosis[56,57]. Various studies have highlighted that about one-third patients 
with NAFL and NASH have progressive fibrosis and 20% may have some regression 
over an average follow-up between 2.2 and 13.8 years[58]. The rate of fibrosis 
progression has been found to be characteristically slow, with an average progression 
of one stage taking 7.7 years[58]. While the rate of progression in NASH subjects may 
be twice as high, there exists a sub-group of both NASH and NAFL patients who may 
progress rapidly from no fibrosis to advanced fibrosis over an average period of 6 
years[58].

Diabetes in patients with NAFLD
It has been observed that individuals with diagnosed NAFLD have a 2-fold increased 
risk of developing diabetes[59]. The prevalence of diabetes among diagnosed NAFLD 
and NASH patients is estimated to be 22.51% and 43.63%, respectively, which is much 
higher as compared to the prevalence of diabetes in the general population (8.5%)[60]. 
A study from India, conducted on 515 NAFLD patients, showed that the prevalence of 
diabetes and prediabetes in the cohort was about 24% and 23% respectively[61]. 
Diabetes seems to accelerate the course of NAFLD, and has also been found to be one 
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of the strongest clinical predictors of progression of NAFLD to NASH and cirrhosis
[62]. Furthermore, a strong pathophysiological link also exists between diabetes and 
HCC. The increased levels of inflammatory biomarkers and hyperinsulinemia, that are 
found in diabetics, may be responsible for the increased risk of HCC[63].

NAFLD in patients with diabetes 
Increasing epidemiological evidence suggests that there is a bidirectional relationship 
between NAFLD and diabetes and that NAFLD may precede and/or promote the 
development of diabetes[64]. On evaluating and analyzing patients with diabetes, 
several studies have reported that the prevalence of NAFLD in these patients ranges 
broadly, between 34%-94%[65]. The prevalence of NAFLD is higher not just in 
diabetics but also in those at risk of developing diabetes[66]. These patients can be 
identified as having glycosylated hemoglobin A1c (HbA1c) values of 5.7%–6.4% 
(38.8–46.4 mmoL/moL), impaired fasting glucose (fasting glucose: 100–125 mg/dL 
[5.55–6.94 mmoL/L]) and/or impaired glucose tolerance (glucose: 140–199 mg/dL 
[7.77–11.04 mmoL/L]) at 2 h of the standardized 75 g oral glucose tolerance test 
(OGTT)[66]. Interestingly, insulin treatment, that increases body fat, does not appear 
to promote or worsen NAFLD in diabetics[67]. A study has shown the estimated 
prevalence of NASH and advanced fibrosis in individuals with coexisting NAFLD and 
diabetes to be 37.3% (95% confidence interval [CI]: 24.7–50.0) and 17.0% (95%CI: 
7.2–34.8), respectively[68]. Further, the overall mortality ratio in 5–10 years was found 
to be of 585 per 100000, which was greater than mortality from other CLDs[68].

In patients with diabetes, NAFLD is believed to increase the risk of cardiovascular 
events by 1.87-fold after adjusting for confounders[69]. Co-existent NAFLD may also 
increase the risk of microvascular complications of diabetes, including chronic kidney 
disease and retinopathy[70]. Growing evidence shows that besides its effect on the 
liver, NAFLD in diabetics may also lead to development of sensory-motor and 
autonomic neuropathy[71,72].

Thus, a careful consideration and evaluation of diabetes in patients with NAFLD 
(NAFL/NASH) and vice versa not only helps in prognostication and therapy but also 
has a potential to prevent associated complications.

EVALUATION OF DIABETICS WITH NAFLD
Before discussing the moot point of when to refer a diabetic with NAFLD to a hepato-
logist, it is essential to understand that NAFLD and diabetes are like a “two-way 
road”; detection of one entity in patients of the other can immensely help in reducing 
the disease burden of both. Patients with NAFLD have a significantly higher 
prevalence of abnormal glucose tolerance (prediabetes or diabetes) than those without 
NAFLD (20.6% vs 11%)[73]. It is therefore possible to decrease incident diabetes with 
improvement of NAFLD[46]. In view of this, European associations (EASL-EASD-
EASO) in their guidelines have recommended mandatory screening for diabetes in all 
persons with NAFLD, by fasting or random blood glucose or HbA1c and if available, 
by the standardized 75-g OGTT in high-risk groups[15].

It was observed that diabetics with other components of metabolic syndrome were 
at a higher risk of having advanced CLD, thereby requiring further liver assessment
[74]. It was found that development of NAFLD and, in particular, NASH-related 
fibrosis can have profound effects on morbidity and mortality in diabetics[60,75]. 
Studies have shown that steatosis in diabetics is associated with increased prevalence 
of altered albumin excretion rate, thus playing an important role in the development of 
diabetic nephropathy[76]. The earlier NICE NAFLD Guidelines of 2016 did not give 
any recommendations for screening of patients with diabetes for liver fibrosis, but 
with mounting evidence, this saw a gradual change.

Various non-invasive indicators were approved by the EASD for NAFLD diagnosis. 
These include NAFLD liver fat score, the fatty liver index (FLI)[77], fibrosis-4 index 
(FIB-4) and NAFLD fibrosis score (NFS)[78]. Besides, SteatoTest, NashTest, ActiTest 
and FibroTest too are handy tools in quantifying liver steatosis and fibrosis[79]. 
FibroScan®, a frequently used non-invasive test for liver stiffness measurement (LSM), 
can not only help to detect and stage fibrosis in NAFLD/NASH but can also predict 
macrovascular and microvascular complications of diabetes[80,81]. Experts have also 
proposed the use of intrahepatic TAG measurement with magnetic resonance 
imaging-derived proton density fat fraction as a standard test for detecting and 
grading hepatic steatosis[82,83]. Separation of diabetes patients with the relatively 
benign form of the disease (NAFL), from those who have NASH (with or without 
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moderate-to severe fibrosis [F2]) requiring early intervention, has always been seen as 
a big challenge[84].

The gold standard for NAFLD diagnosis is liver biopsy. But this procedure, which 
requires specialist referral, being invasive and having several drawbacks, such as 
sampling error, high cost, inter- and intra- observer variability and risk of complic-
ations[85], cannot be applied to all the patients. In order to not miss at-risk patients 
while focusing on suitable and sustainable hepatologist referral, in 2016, the EASL-
EASD-EASO guidelines were published[15]. It was recommended that in case of 
presence of obesity/diabetes or the incidental finding of raised liver enzymes with 
metabolic risk factors, patients should promptly be evaluated with non-invasive 
screening tests to identify steatosis, NASH, and fibrosis[15]. They suggested 
ultrasound evaluation along with application of steatosis biomarkers like FLI, 
SteatoTest, NAFLD Fat score to identify steatosis. Surrogate markers of fibrosis (NFS, 
FIB-4, ELF or FibroTest) are then to be calculated, in order to rule out significant 
fibrosis (≥ F2), which, if found, would mandate specialist referral for evaluation with 
or without liver biopsy[15].

In 2020, the American Diabetes Association also recommended checking for NASH 
and fibrosis in patients with elevated liver enzymes[86]. It was proposed that patients 
with type 2 diabetes or prediabetes and elevated liver enzymes (alanine aminotrans-
ferase [ALT]) or fatty liver on ultrasound should be evaluated for presence of NASH 
and liver fibrosis[86].

One study evaluated the performance of international (EASL-EASD-EASO) and 
national (DGVS) guidelines for NAFLD risk stratification in diabetic patients and 
compared it to their simplified referral strategy using Fibroscan-AST (FAST) score[87]. 
LSM values by FibroScan® in diabetics were defined as low (< 7.9/7.2kPa M/XL 
probe), intermediate (7.9–9.6/7.2–9.3kPaM/XL-probe) and high (> 9.6/9.3kPaM/XL 
probe)[87]. EASL-EASD-EASO recommended specialist referral for 60%–77% of the 
subjects depending on the fibrosis score, whereas the DGVS algorithm required LSM 
for 76%; 25% were referred for specialized care. The sensitivities of the diagnostic 
pathways were 47%–96%. The FAST score, when compared to these, revealed a 
sensitivity/specificity of 46V/88% for fibrosis risk and a specialist referral rate of 35%
[87].

Thus, despite the societal guidance, debate continues as there is still no clarity as to 
which test is to be applied first and the suitable cut-offs that can be used so that the 
screening is simple, inexpensive with reasonable sensitivity and specificity.

With regards to the cut-off values used for plasma ALT concentration, studies have 
shown that although a threshold of 40 IU/L is frequently used in clinical practice and 
trials, lower cut-off points for normal (i.e. 30 IU/L for males and 19 IU/L for females) 
can improve the sensitivity of diagnosing prevalence of NAFLD[88]. Also, despite 
studies showing association of increased ALT values with increased risk of NASH, it 
has been found that, in some patients, especially those with diabetes and IR, NASH 
with/without advanced fibrosis may occur even when the ALT values are normal[89]. 
Thus, we cannot consider liver function test as a surrogate for disease severity in 
diabetics and relying solely on it may lead to missing of advanced liver disease cases.

As for abdominal ultrasonography, it is operator-dependent and is insensitive to 
mild steatosis[90]. When compared to this, Controlled Attenuation Parameter 
measurement by FibroScan can detect liver fat involving as little as 10% of the 
hepatocytes[91-93], thereby avoiding underreporting or missing cases. Various indices, 
such as FLI and hepatic steatosis index (HSI), have also been found useful in 
predicting hepatic steatosis. It has been shown that FLI < 30 can rule out hepatic 
steatosis with a sensitivity of 87% and a value of FLI ≥ 60 can help rule in hepatic 
steatosis with a specificity of 86%[77]. HSI, on the other hand, at values of < 30 or > 
36.0, can rule out NAFLD with a sensitivity of 93.1% or detect NAFLD with a 
specificity of 92.4%, respectively[94].

Studies have also evaluated performance of other non-invasive scores such as 
aspartate aminotransferase (AST) to platelet ratio, FIB-4 and NFS that are used for 
evaluation of fibrosis while considering referral to hepatologist. Table 1 depicts a few 
of these non-invasive models that have been used for the evaluation of steatosis and 
fibrosis in patients of diabetes with NAFLD. In one study, FIB-4 and NFS models had a 
high negative predictive value (NPV) of 93.48% and 93.61%, respectively in patients 
with severe liver fibrosis (stages 3 and 4), thereby indicating that these models should 
actually only be used for excluding severe liver disease[95]. These scores also show 
lower specificity among older adults and lower accuracy in young adults[96]. It was 
found that the use of age-adjusted FIB-4 cut-offs can lead to appropriate referrals[97]. 
It was proposed that for those over the age of 65 years, a FIB-4 score of > 2.0 should be 
used as the cut-off for referral[96,98].
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Table 1 Few available non-invasive models for evaluating steatosis and fibrosis in patients of diabetes with non-alcoholic fatty liver 
disease

Index Components Cut-offs Sensitivity, % Specificity, %

Steatosis

< 30 87.0 64.0FLI[77] WC, BMI, TG and GGT

≥ 60 61.0 86.0

< 30 93.1 39.6HSI[94] AST, ALT, BMI, diabetes, female sex

> 36 45.1 92.4

Fibrosis (stage 2, 3 or 4)

APRI[95] AST and platelet count 0.518 50.00 89.19

FIB-4[95] Age, AST, ALT and platelet count 1.743 63.33 94.59

NFS[95] Age, BMI, IFG and diabetes, AST-to-
ALT ratio, platelet count and 
albumin

-0.054 50.00 86.21

Formulae: FLI = (e0.953*loge (TG) + 0.139*BMI + 0.718*loge (GGT) + 0.053*WC- 15.745)/(1 + e0.953*loge (TG) + 0.139*BMI + 0.718*loge (GGT) + 0.053*WC - 15.745)*100[77]; HSI = 8 × (ALT/AST 
ratio) + BMI (+ 2, if female; + 2, if diabetes mellitus)[94]; APRI = {[AST(U/L)/upper limit of normal AST (U/L)] × 100/platelet count (109/L)}[95]; FIB-4 = 
Age (years) × AST (U/L)/[platelet count (109/L)  × ALT1/2 (U/L)][95]; NFS = − 1.675 + 0.037 × age (years) + 0.094 × BMI (kg/m2) + 1.13 × IFG/diabetes 
(yes = 1, no = 0) + 0.99 × AST/ALT ratio– 0.013 × platelet count (109/L) – 0.66 × albumin (g/dL)[95]. ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; APRI: Aspartate aminotransferase-to-platelet ratio; BMI: Body mass index; FIB-4: Fibrosis-4 score; FLI: Fatty liver index; GGT: Gamma-
glutamyltransferase; HG: Haptoglobins; HSI: Hepatic steatosis index; IFG: Impaired fasting glucose; NFS: Non-alcoholic fatty liver disease fibrosis score; 
TG: Triglyceride; WC: Waist circumference.

The NASH Council, in their study, proposed that a patient who has a FIB-4 score of 
> 1.3 be referred to a specialist and for those that have a score ≤ 1.3 undergo lifestyle 
intervention with their primary provider[97,99]. Indian researchers have found that 
among patients of NAFLD, a FIB-4 cut-off of 1.0 instead of 1.3, showed 100% 
sensitivity and 94.3% specificity to rule out any fibrosis (F0 vs F1-F4) validated vs MRE 
in a cohort of 239 NAFLD patients, thus leading to inclusion of patients with F2 
fibrosis in the primary care referral pathway[100]. However, validation of this is 
needed in diabetics and a larger patient cohort is needed to be further evaluated[100].

Another study that derived data from NASH Clinical Research Network studies 
and included patients with biopsy-proven NAFLD with diabetes, proposed a different 
model for NASH evaluation[101]. The parameters included were White race, BMI, 
waist circumference, ALT, AST, albumin, HbA1c, HOMA-IR and ferritin[101]. The 
specificity, sensitivity, NPV and pars plana vitrectomy (PPV) were 90.0%, 56.8%, 
47.7%, and 93.2%, respectively, and the model correctly classified 67% of patients as 
having NASH[101]. The researchers also proposed a model for predicting advanced 
fibrosis using the parameters- age, Hispanic ethnicity, BMI, waist-to-hip ratio, 
hypertension, ALT/AST ratio, alkaline phosphatase, isolated abnormal alkaline 
phosphatase, bilirubin (total and direct), globulin, albumin, serum insulin, hematocrit, 
international normalized ratio, and platelet count. The specificity, sensitivity, NPV, 
and PPV were 90.0%, 57%, 75.1%, and 80.2%, respectively, and the model correctly 
classified 76.6% of patients as having advanced fibrosis[101]. It was concluded that 
proposed model performed better than the NAFLD fibrosis score in detecting 
advanced fibrosis[101].

Based on the extensive review of the literature and pertaining to this ongoing debate 
of how best to manage diabetic patients with NAFLD, we propose a screening protocol 
that takes into account not only the current societal guidance but also the results of 
ongoing research. We believe that instead of only those diabetics who are at 
intermediate or high risk of having NAFLD, all diabetics must be evaluated using a 
baseline ultrasound abdomen and liver function test along with non-invasive markers 
as per the algorithm shown in Figure 2. However, more studies with larger patient 
cohorts are needed to further explore this simplified algorithm and for further re-
strategizing the screening protocols.

Surveys in the Netherlands[102] and an urban western United States population
[103] have shown that 84% of general practitioners and 83% of largely primary care 
providers respectively have endorsed the need for increased awareness and 
knowledge on NAFLD.
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Figure 2 Algorithm for referral of diabetics with non-alcoholic fatty liver disease to hepatologist. ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; CAP: Controlled attenuation parameter; FIB-4: Fibrosis-4 score; FLI: Fatty liver index; HSI: Hepatic steatosis index; LFT: Liver function test; LSM: 
Liver stiffness measurement; NAFLD: Non-alcoholic fatty liver disease; USG: Ultrasonography.

In diabetics with NAFLD, lifestyle interventions and weight loss have been found to 
be the most beneficial therapeutic strategies[104]. In a few randomized controlled 
trials, drugs such as pioglitazone, a potent and selective agonist for peroxisome prolif-
erator-activated receptor-gamma, have also been consistently found to induce 
resolution of NASH and have shown modest effects on liver fibrosis[50,105]. Also, 
contrary to the popular belief that statins cannot be used in diabetics with NASH with 
elevated liver enzymes due to potential risk of hepatotoxicity, it has been shown that 
statin therapy is safe in these patients[106]. Trials are underway for evaluating efficacy 
of other treatment options.

CONCLUSION
As the prevalence of NAFLD in diabetics is substantial, and due to the influence of 
each disease on the other with regards to disease progression, the role of primary care 
physicians and diabetologists becomes pivotal. A knowledge of preventive measures 
and available treatment is needed in order to manage the milder disease forms at 
primary care level only. Diabetics must be monitored for NAFLD/NASH with a 
vigilant eye, similar to the way the other complications of diabetes, like retinopathy 
and nephropathy, are screened. This proactive approach of screening will surely help 
in not only prevention but also in early detection of the more sinister and progressive 
disease form, despite its benign phenotype. Where indicated, a prompt referral to 
hepatologists can make the patient turn the corner and can thereby attenuate the 
development of more severe forms of NASH, including cirrhosis and even HCC.
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