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ABSTRACT

The prevalence of non-alcoholic fatty liver dis-
ease (NAFLD) and type 2 diabetes (T2D) is
increasing. As a strong association between
these two diseases exist, it is unsurprising that
the number of patients with coexisting NAFLD
and T2D is also increasing. These patients dis-
play a deleterious metabolic profile (e.g. hyper-
triglyceridemia), and increased mortality rates
relative to those with only NAFLD or T2D in
isolation; therefore, effective treatment strate-
gies are required. Here we review the available
intervention studies that have investigated the
effects of changes in lifestyle (diet and exer-
cise/physical activity) on NAFLD in patients
with both NAFLD and T2D. On the basis of the
available evidence, it appears that the addition

of any kind of exercise (i.e. resistance, aerobic,
or high-intensity intermittent exercise) is ben-
eficial for patients with both NAFLD and T2D.
These effects appear to occur independently of
changes in body weight. Hypocaloric diets
leading to weight loss are also effective in
improving metabolic parameters in patients
with both NAFLD and T2D, with data indicating
that * 7–10% weight loss is required in order to
observe beneficial effects. It is unclear if multi-
disciplinary interventions incorporating chan-
ges in both diet and physical activity levels are a
more effective treatment strategy in this popu-
lation than diet or exercise interventions in
isolation. In conclusion, it is clear that lifestyle
interventions are an effective treatment strategy
in patients with both NAFLD and T2D,
although further research is required to opti-
mise these interventions and determine their
scalability.
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Key Summary Points

Globally, the number of patients with
coexisting non-alcoholic fatty liver
disease (NAFLD) and type 2 diabetes (T2D)
is increasing. As these patients display a
deleterious metabolic profile (e.g.
hypertriglyceridemia), and increased
mortality rates relative to those with
NAFLD or T2D in isolation, effective
treatment strategies are urgently required.

At present, there exists no approved
pharmacological treatment for NAFLD,
and as such lifestyle interventions
represent the recommended management
strategy.

On the basis of the available evidence, it
appears that both increasing physical
activity levels and adopting a hypocaloric
diet reduce intrahepatic triacylglycerol
(IHTAG) content and improve glycaemic
control/insulin sensitivity in patients with
both NAFLD and T2D.

Future research is required to establish the
cost-effectiveness of lifestyle interventions
and the feasibility of delivering such
interventions within a clinical setting.

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) rep-
resents a spectrum of liver-related conditions,
ranging from steatosis (characterised by an
accumulation of intrahepatic triacylglycerol
(IHTAG)) to non-alcoholic steatohepatitis
(NASH) (characterised by the presence of hepa-
tocyte injury and fibrosis), cirrhosis (accumula-
tion of scar tissue), and hepatocellular
carcinoma [1].

Diagnosing NAFLD

The early stages of NAFLD are typically asymp-
tomatic with investigations only performed
following an incidental finding of abnormal
liver enzymes (i.e. raised plasma alanine
aminotransferase (ALT), aspartate transaminase
(AST), and/or gamma-glutamyltransferase
(cGT)) [2]. However, the vast majority of
patients with NAFLD (* 80%) exhibit liver
enzymes within the normal range [3]; liver
enzymes may fluctuate dependent on NAFLD
stage [4]. Plasma ALT and AST have been shown,
by some, to not correlate with histological
assessments of NAFLD, and are clinically poor
markers of the presence and severity of NAFLD
[4, 5], thus, a large proportion of patients with
NAFLD may remain undiagnosed. The ‘‘gold
standard’’ diagnosis method is liver biopsy,
whereby NAFLD is defined by the presence of
IHTAG in more than 5% of hepatocytes [6].
Liver biopsy is also the only method which is
able to fully determine the stage and severity of
NAFLD as it enables the assessment of patho-
logical features such as hepatocyte ballooning,
lobular inflammation, and fibrosis [7]. However,
biopsies are expensive, invasive, and potentially
dangerous, limiting their use in screening or
monitoring of patients. Furthermore, biopsies
only obtain a relatively small quantity of tissue
(* 1:50,000 relative to total liver size), and are
therefore subject to sampling variability, which
may potentially result in misdiagnosis and
staging inaccuracies [8].

NAFLD can also be investigated non-inva-
sively through the use of imaging techniques
and/or predictive equations using biomarkers.
Ultrasound is the most common imaging
modality used to evaluate hepatic steatosis
because of its low cost, safety, and availability;
ultrasound represents the first line in diagnos-
ing NAFLD [9]. The severity of NAFLD is usually
graded clinically using a four-point scoring
system: normal (grade 0), mild (grade 1), mod-
erate (grade 2), and severe (grade 3) [10]. The
diagnostic performance of ultrasound has been
reported to vary according to the degree of
hepatic steatosis. In patients without coexisting
liver disease, ultrasound offers an accurate
diagnosis of moderate-to-severe hepatic
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steatosis (i.e. IHTAG C 30%) [10]. In contrast,
when comparing ultrasound to other imaging
techniques and histopathologic assessments of
steatosis, ultrasound has been shown to be less
accurate in detecting hepatic steatosis than
magnetic resonance imaging/spectroscopy
(MRI/S) when all degrees of steatosis were con-
sidered (IHTAG ranging from 0% to 80%) [11].
Regarding MRI/S, NAFLD is associated with a
proton density fat fraction (defined as the
amount of protons bound to fat divided by the
amount of all protons in the liver, including
those bound to fat and water) greater than
5.56%, a figure which is based on the 95th
percentile of IHTAG observed in the Dallas
Heart Study [12]. Predictive models and
biomarkers utilising modern technologies such
as genetic testing and ‘omics’ methodologies are
currently being investigated [13, 14], although
the efficacy of using these approaches to screen
for NAFLD is limited due to a number of factors
including cost and a lack of validation.

NAFLD and Type 2 Diabetes

By definition NAFLD is only diagnosed when
one or more of the pathological features are
reported in individuals who do not consume
excessive amounts of alcohol (i.e. more than
20 g/day for women and more than 30 g/day for
men), and in the absence of other liver aeti-
ologies [2, 6]. NAFLD is currently the most
prevalent form of liver disease in the world,
thought to affect * 6–50% of the adult popu-
lation, dependent on the population studied
and the method of assessment [15, 16]. In obe-
sity the prevalence of NAFLD increases to
* 50–75% [17–21], highlighting the relation-
ship between IHTAG and total adiposity. IHTAG
is also correlated with other features of the
metabolic syndrome [22], leading to NAFLD
being referred to as the ‘‘hepatic manifestation
of the metabolic syndrome’’ [23]. As obesity is a
common risk factor for both type 2 diabetes
(T2D) and NAFLD, it is unsurprising that there
is a strong association between NAFLD and T2D
prevalence, which has been reported to be as
high as 87% [24]. There is much deliberation
regarding the pathogenesis of these two

interrelated conditions, and there appears to
exist a complex bidirectional relationship
whereby presence of one drives progression of
the other [25, 26]. What is known is that
patients with T2D have elevated IHTAG when
compared to age-, gender-, and body mass index
(BMI)-matched subjects without T2D [27]. Fur-
thermore, the coexistence of NAFLD and T2D is
also associated with a poorer metabolic profile
(i.e. inferior glycaemic control, dyslipidaemia,
and increased risk of cardiovascular disease),
alongside increased microvascular complica-
tions, NAFLD progression, and total mortality
when compared to NAFLD or T2D in isolation
[16, 28]. Coexisting NAFLD and T2D may also
increase the insulin requirements of a patient
with T2D undergoing insulin therapy [29],
which may have implications for the regulation
of body weight [28].

Lifestyle Interventions in Patients
with NAFLD

At present there exists no approved pharmaco-
logical treatment for NAFLD, and as such life-
style interventions represent the recommended
management strategy. However, pharmacologi-
cal therapies commonly prescribed for T2D may
influence NAFLD, with drugs that induce
weight loss (e.g. liraglutide and orlistat) show-
ing particular promise (as reviewed in
[16, 28, 30]). The effectiveness of lifestyle
interventions on improving various markers of
NAFLD (i.e. reduction of circulating liver
enzymes, steatosis, and presence of NASH) was
recently demonstrated in a systematic review of
22 randomised clinical trials with 2588 patients
with NAFLD [31]. However, less is known
regarding the effect of lifestyle interventions in
patients with both NAFLD and T2D. Here, we
provide a narrative review on the effects of
lifestyle interventions on NAFLD from studies
which have included patients with both NAFLD
and T2D. For this purpose ‘‘lifestyle interven-
tions’’ will refer to any studies where patients
with both NAFLD and T2D underwent con-
trolled interventions designed to alter habitual
diet and physical activity levels, or where
behavioural interventions were employed to
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actively encourage participants to make lifestyle
changes. Studies were only included where the
proportions of participants with both NAFLD
and T2D were clearly defined, or where baseline
participant characteristics indicated that a pro-
portion of participants would cross the diag-
nostic thresholds for both NAFLD and T2D. This
article is based on previously conducted studies
and does not contain any studies with human
participants or animals performed by any of the
authors.

PHYSICAL ACTIVITY AND EXERCISE
INTERVENTIONS

Both NAFLD and T2D are associated with
reduced physical activity levels and a sedentary
lifestyle [32–34]. Results from meta-analysis
have shown that exercise interventions are
associated with a reduction in IHTAG, a
response that appears independent of weight
loss [35, 36].

Aerobic vs. Resistance Exercise
Interventions

The majority of studies investigating exercise
interventions and NAFLD have involved aerobic
exercise [35, 36]. However, Hallsworth et al. [37]
randomised 19 people with NAFLD to a resis-
tance exercise program or standard care for
8 weeks (Table 1). Resistance exercise involved
three sessions a week where participants
underwent a whole-body workout using
machine-based exercises performed at 50–70%
of their one-repetition maximum. At the end of
8 weeks, BMI remained unaltered in both
groups, but there was a significant reduction in
IHTAG in the exercise group only, which was
associated with an improvement in postpran-
dial glycaemic control. This suggests that resis-
tance exercise may have a positive influence on
decreasing IHTAG content. When comparing
exercise modalities, Bacchi et al. [38] found
4 months of resistance training to be equally
effective in reducing IHTAG and increasing
insulin sensitivity as aerobic exercise training
among patients with both NAFLD and T2D

(Table 1). Thus, it would appear that simply
increasing physical activity, through either
aerobic or resistance exercise, reduces IHTAG
and positively influences glycaemic control in
patients with coexisting NAFLD and T2D.

High-Intensity Intermittent Training

The most commonly cited barrier to performing
physical activity/exercise is a ‘‘lack of time’’ [39]
and, as such, short-duration high-intensity
intermittent training (HIIT) has emerged as a
potential strategy for improving metabolic
health. Alongside being more time-efficient,
HIIT has also been shown to be more enjoyable,
for some, than moderate continuous exercise
[40, 41]. Cassidy et al. [42] randomised 23
patients with T2D to a 12-week HIIT interven-
tion or standard care. HIIT involved three ses-
sions a week of cycling exercise where
participants performed five intervals of ‘‘very
hard’’ cycling separated by 90 s of recovery
(Table 1). The durations of the ‘‘very hard’’
cycling were progressive across the intervention
and ranged from * 2 min to * 4 min. Body
weight was not significantly influenced by the
intervention, but IHTAG displayed a relative
reduction of * 39% (from * 6.9% to * 4.2%
in absolute terms) along with improvements in
cardiac function and glycaemic control, whilst
no changes in these parameters were found in
the control group. Reductions in IHTAG fol-
lowing HIIT have also been observed by others,
alongside reductions in circulating ALT, AST
and cGT, and improvements in markers of
insulin sensitivity [43–45] (Table 1), indicating
that HIIT may be an effective intervention for
those with both NAFLD and T2D. However, for
those new to exercise it may be challenging to
achieve the exercise intensities necessary to
elicit benefits from HIIT; therefore, interven-
tions may need to be adapted according to the
patients’ abilities.

Low-Intensity and Web-Based Exercise
Interventions

Notably, the majority of studies included in a
meta-analysis by Sargeant et al. [36] were
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classified as ‘‘high-intensity’’ exercise interven-
tions. It is plausible that the ability to perform
physical activity or exercise sessions may be
compromised in patients with more advanced
NAFLD and/or T2D, which may limit the gener-
alisability of physical activity and exercise inter-
ventions. This is pertinent not only to
interventions focused solely on increasing
physical activity but also on those employing
multidisciplinary interventions. Evidence does
exist to demonstrate that low-intensity exercise
reduces IHTAG content [46], although in this
study low-intensity exercise involved continu-
ous cycling and brisk walking which may still be
challenging for some to undertake. Furthermore,
participants in this study were recruited on the
basis of BMI, and not presence of NAFLD or T2D,
and it is unclear if those with both NAFLD and
T2D would demonstrate similar responses. Fur-
ther research is required to corroborate this
finding and establish whether interventions of
even lower-intensity activities (e.g. interrupting
sitting time with periods of standing) influence
markers of NAFLD in patient populations.

Whilst certain exercise interventions may
require specialist staff and equipment, a recent
study by Huber and colleagues demonstrates
the utility of a web-based intervention, where
exercise was designed to be performed in the
domestic environment, and participants
received support via an online feedback plat-
form [47]. Individuals who undertook the
8-week intervention lost a small but significant
amount of body weight (* 0.9%) and demon-
strated improvements in a number of metabolic
risk factors, including surrogate markers of
hepatic steatosis and fibrosis (Table 1). A num-
ber of these clinical improvements were still
apparent at a 20-week follow-up visit. This fea-
sibility study demonstrates the efficacy of
adopting a web-based intervention, a strategy
which may reduce the burden placed on
resources (specialist staff and equipment) of
traditional exercise interventions.

DIETARY INTERVENTIONS

Dietary intervention studies include those
which have altered total energy intake or

dietary macronutrient composition, along with
those which have provided participants with
dietary supplements alongside their habitual
diets.

Hypocaloric Diets

Hypocaloric diets (i.e. diets providing a lower
number of calories than that required to main-
tain energy balance) consistently lower IHTAG
content and improve markers of insulin sensi-
tivity/glycaemic control. For example, Lim et al.
[48] investigated the effects of an 8-week
hypocaloric diet (* 600 kcal/day) in 11 patients
with T2D. The diet involved the consumption
of liquid formula (46% total energy (TE) carbo-
hydrate, 33% TE protein, and 20% TE fat) sup-
plemented with vegetables. The authors
observed a significant reduction in plasma glu-
cose after 1 week of the intervention (from
9.2 ± 0.4 to 5.9 ± 0.4 mmol/L) which was
maintained at week 4 and similar to non-dia-
betic controls (Table 2). Reductions in endoge-
nous glucose production and improvements in
hepatic insulin sensitivity were also apparent
after 1 week, which occurred alongside a * 30%
reduction in IHTAG. By the end of the 8-week
intervention period participants had decreased
body weight by * 15% and IHTAG had
decreased by * 70% [48] (Table 2). These dra-
matic results were repeated in the Diabetes
Remission Clinical Trial (DiRECT) where it was
demonstrated that in individuals diagnosed
with T2D for fewer than 6 years a hypocaloric
diet (* 825–853 kcal/day) restored normal gly-
caemic control [49]. The diet involved the
consumption of liquid formula (59% TE carbo-
hydrate, 13% TE fat, 26% TE protein) which was
consumed for 3–5 months. This was then fol-
lowed by a structured period of food reintro-
duction (2–8 weeks), followed by monthly visits
aimed at supporting maintenance of weight loss
until 12 months. In a geographically deter-
mined subgroup of the DiRECT cohort Taylor
et al. [50] examined IHTAG, very low density
lipoprotein triacylglycerol (VLDL-TAG) secre-
tion, pancreas fat content, and b-cell function
(Table 2). Participants were separated into sub-
groups based on whether or not they
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demonstrated diabetes remission (i.e. HbA1c
\6.5%, blood glucose \ 7.0 mmol/L, and off
any anti-diabetes medication for at least
2 months prior to investigations) following the
intervention (i.e. ‘‘responders’’ and ‘‘non-re-
sponders’’). IHTAG content decreased to a sim-
ilar extent in both groups (* 13% vs. * 12%,
for responders vs. non-responders respectively),
whereas VLDL-TAG secretion was only signifi-
cantly reduced in responders. The authors
hypothesise that the increased VLDL-TAG
secretion rate in non-responders may be
attributable to reductions in hepatic insulin
sensitivity, which may increase b-cell exposure
to fat, negatively influencing pancreatic fat
accumulation and b-cell lipotoxicity. However,
changes in total plasma TAG and pancreas fat
were similar between responders and non-re-
sponders. Furthermore, an earlier study by the
same group found similar reductions in IHTAG
and VLDL-TAG secretion in those who achieved
a reduction in fasting blood glucose
(\7.0 mmol/L) in response to a hypocaloric
diet (i.e. ‘‘responders’’) compared to those who
did not (i.e. ‘‘non-responders’’) [51].

Weight Loss and Metabolic Improvements

Regarding the amount of weight loss required to
achieve metabolic benefits, Petersen et al. [52]
investigated the effect of a hypocaloric
(* 1200 kcal/day) liquid formula diet (50% TE
carbohydrate, 43% TE protein, 3% TE fat) sup-
plemented with fruits and vegetables for 3–-
12 weeks, in eight individuals with obesity and
T2D (Table 2). The hypocaloric diet was termi-
nated when participants returned to normo-
glycaemia. The authors report that
normoglycaemia was attained at * 8% weight
loss, which occurred alongside a reduction in
IHTAG of * 81% (from * 12% to * 2% in
absolute terms), reduced endogenous glucose
production, and increased hepatic insulin sen-
sitivity. No change in peripheral insulin sensi-
tivity was observed. This finding suggests that
in response to weight loss, changes at the level
of the liver induce whole-body improvements
in glucose metabolism. Evidence also suggests
that a dose–response relationship exists in

regards to weight loss and metabolic improve-
ments; Vilar-Gomez et al. [53] reported that
compared to standard care, 1 year of low-car-
bohydrate ketogenic diet (i.e. less than 30 g
carbohydrate/day, 1.5 g protein per kg, and no
restrictions on fat) improved markers of NAFLD,
HbA1c, fasting plasma glucose, fasting plasma
insulin, homeostatic model assessment for
insulin resistance (HOMA-IR), and plasma TAG
(Table 2). Approximately 79% of patients who
undertook the ketogenic diet decreased body
weight by 5–10%, with just over half the group
decreasing by greater than 10%; the patients
who lost more than 10% of their body weight
demonstrated the greatest improvements in the
surrogate markers of NAFLD. Combined, these
data highlight the importance of weight loss in
managing NAFLD and T2D.

Influence of Macronutrient Composition
on NAFLD and T2D

At present, the Mediterranean dietary pattern is
recommended for the management of NAFLD
[6]. However, it remains to be determined if
macronutrient composition influences the
responsiveness of individuals with both NAFLD
and T2D to a hypocaloric diet. Supplementing
with n-3 polyunsaturated fatty acids (PUFA)
may reduce IHTAG in patients with NAFLD [54].
However, in a paired liver biopsy study of
patients with T2D, Dasarathy et al. [55] reported
no significant change in histological markers of
steatosis or NASH in response to 48 weeks of
daily supplementation with n-3 fatty acids [i.e.
eicosapentaenoic acid (EPA; 2160 mg/day) and
docosahexaenoic acid (DHA; 1440 mg/day)]
compared to placebo (Table 2). Body weight was
similar in both the n-3 PUFA and placebo
groups, and was not affected by the interven-
tion. Alongside no difference in histological
parameters, the authors also noted an increased
fasting plasma glucose concentration and
HbA1c in the n-3 PUFA group, but not the pla-
cebo group (Table 2). Thus, it appears that n-3
fatty acid supplementation may not be benefi-
cial in patients with coexisting NASH and T2D.
However, other aspects of lifestyle that may be a
confounder of results (i.e. habitual diet and
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physical activity levels) were not assessed in this
study, and neither were plasma levels of EPA
and DHA, making it challenging to ascertain
adherence to the intervention.

MULTIDISCIPLINARY
INTERVENTIONS

The majority of studies investigating the impact
of lifestyle interventions on NAFLD and T2D
have employed a multidisciplinary approach
where hypocaloric diets (of varying macronu-
trient compositions) have been prescribed for
weight loss, alongside increased physical activ-
ity or exercise training regimens.

Hypocaloric Diet and Physical Activity
Interventions

When analysing data obtained from the CUR-
IAMO project [56], Reginato et al. [57] reported
that a 13-week structured, exercise and nutri-
tional education program improved surrogate
indices of NAFLD (i.e. visceral adiposity index,
fatty liver index, liver fat equation, and the TAG
and glucose index) (Table 3). The exercise pro-
gram consisted of both aerobic and resistance
exercise and was supervised by a professional in
exercise sciences, and the nutritional education
program consisted of four sessions aimed at
improving Mediterranean diet score and was led
by a dietitian. Improvements in markers of
NAFLD and metabolic health were also reported
by Sun et al. [58] who observed reductions in
BMI, waist circumference, ALT, and HOMA-IR
in patients who were provided with an indi-
vidually tailored diet and encouraged to
increase their physical activity for 12 months
(Table 3). Furthermore, Thomas et al. [59]
reported a significant reduction in body weight
of * 3.5 kg (* 4% in relative terms) and a non-
significant reduction in IHTAG of * 40% (from
* 13% to * 8% in absolute terms) in response
to a 6-month intervention involving a referral
to a registered dietitian and an instruction to
increase steps to 10,000/day (Table 3). HbA1c
was also significantly reduced following the
lifestyle intervention, suggesting an

improvement in glycaemic control. Notably,
the findings of Wong et al. [60] demonstrate the
effectiveness of lifestyle interventions aimed at
decreasing calorie intake and increasing energy
expenditure for treating NAFLD (i.e. reducing
IHTAG) in patients with and without obesity
(Table 3). Although the data appears to suggest
that greater relative weight loss is required in
patients with obesity compared to those with-
out obesity for remission of NAFLD;
patients without obesity achieved remission of
NAFLD with 3–5% weight loss whereas 7–10%
weight reduction was required to achieve
NAFLD remission in patients with obesity.
Combined, these studies highlight the potential
benefits of multidisciplinary interventions for
patients with both NAFLD and T2D. However,
in these studies it is unclear as to whether it is
the exercise or weight-loss that is beneficial, or
if the combination of changes in diet and
physical activity are additive compared to either
in isolation.

It is unclear whether patients with both
NAFLD and T2D respond differently to an
intervention compared to those with NAFLD or
T2D in isolation. Konerman et al. [61] investi-
gated the effects of a multidisciplinary lifestyle
intervention in patients with the metabolic
syndrome who were grouped on the basis of the
presence or absence of NAFLD (diagnosed by
either imaging or liver biopsy). The interven-
tion involved one session a week for 12 or
24 weeks (participants were given the option as
to which program to undertake). Each session
involved a 45-min nutrition lecture focused on
improving adherence to a Mediterranean diet,
reducing sodium intake, portion control and
other healthy eating habits. Participants also
performed a 45-min supervised exercise routine
during each session. The main findings were
that approximately half of the patients with
metabolic syndrome who were screened had
NAFLD, and these patients displayed a poorer
metabolic profile (higher prevalence of features
of the metabolic syndrome and insulin resis-
tance) than those with metabolic syndrome
without NAFLD. However, weight loss and
improvements in metabolic parameters were
similar in patients with and without NAFLD
after 12 and 24 weeks of the intervention
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(Table 3) suggesting that lifestyle interventions
incorporating diet and physical activity may be
equally as effective in those with both NAFLD
and T2D compared to those with isolated
metabolic conditions.

Multidisciplinary Interventions and NASH

Regarding more advanced NAFLD, in a ran-
domised controlled paired liver biopsy study
Promrat and colleagues [62] reported that
patients who were histologically diagnosed with
NASH demonstrated a reduction in the NAFLD
activity score (NAS) and steatosis following an
intensive 48-week lifestyle intervention
(Table 3). This intervention utilised behavioural
change techniques to educate and encourage
participants to adopt a hypocaloric, low-fat diet
and increase their physical activity levels (target
of 10,000 steps a day plus 200 min a week
moderate intensity exercise) [62]. Following the
intervention, a large proportion of participants
(67%) no longer met the histologic criteria for
NASH, although degree of fibrosis appeared to
be unaffected. Weight loss in this study was
* 9.3% in the intervention group and * 0.2%
in the control group, and the magnitude of
weight loss correlated strongly with improve-
ments in markers of NASH. The authors sug-
gested that * 7% weight loss is required to
improve histological markers of NASH. Further
evidence that the degree of weight loss is an
important mediating factor regarding improve-
ments in NASH comes from Vilar-Gomez et al.
[63], who analysed paired liver biopsies before
and after a year-long lifestyle intervention
where participants were encouraged to reduce
their estimated energy intake by
* 750 kcal/day and walk * 200 min a week
(Table 3). Mean weight loss at 1 year was
- 4.6 ± 3.2 kg and NASH resolution was repor-
ted in 25% of participants, with improvements
in NAS (by 2 points) seen in 47% of participants.
When separating participants into weight loss
categories (\5%, 5–7%, 7–10%, and[10%) the
authors observed that 7–10% weight loss was
required to see histological improvements in
NAFLD, and greater weight loss was associated
with greater improvements, which is in line

with the observations of Promrat et al. [62].
However, Vilar-Gomez et al. [63] also found that
the majority (239 of 261 participants) failed to
reach 7–10% weight loss, highlighting how
challenging lifestyle interventions may be for
this population. Why some participants failed
to lose more than 7% of their body weight is
unclear, but this study was performed under
routine clinical care, and therefore participants
received less support than was provided in other
multidisciplinary intervention studies.

Impact of Patient Engagement
and Support

Studies that have investigated patient perfor-
mance in relation to level of support/engage-
ment suggest a positive association between the
two. A sub-study of the ‘Look AHEAD’ inter-
vention [64] investigated the effect of an
intensive lifestyle intervention which involved
weekly support meetings, and monthly indi-
vidual and group sessions, and compared this to
a control group who only underwent three
group sessions. The authors found that the
intensive program led to a significant reduction
in body weight and IHTAG compared to the
control group (Table 3). A reduction in T2D
medications was also noted in the intensive
lifestyle intervention group at 12 months, and
reduced IHTAG was associated with reductions
in HbA1c and circulating plasma TAG, suggest-
ing an improved overall metabolic profile.
Similarly, St George et al. [65] randomised 143
patients with NAFLD to one of four interven-
tion groups which differed in their level of
support/engagement (i.e. low intensity vs.
moderate intensity vs. control). The low-inten-
sity intervention consisted of three individually
tailored counselling and education sessions
over a 4-week period, whereas the moderate-
intensity intervention consisted of six individ-
ually tailored counselling and education ses-
sions over a 10-week period. During the
consultations a number of behaviour change
techniques were delivered by nutritionists and
exercise physiologists aimed at increasing
physical activity to at least 150 min/week and
reduce calories by * 400–600 kcal/day. Weight

Adv Ther (2020) 37:1381–1406 1397



loss was greatest in the moderate-intensity
group at 3 months which was associated with a
greater reduction of metabolic risk factors
(Table 3). Together these data demonstrate that
patients who receive greater support demon-
strate greater metabolic improvements in
response to an intervention.

Providing increased support may increase
the burden placed on resources. However, the
findings of a recent study suggest that a struc-
tured web-based program may be equally as
effective as a face-to-face group-based program.
Mazzotti et al. [66] investigated weight loss and
surrogate NAFLD indices in patients who
underwent group counselling compared to
those who underwent a web-based program.
Both programs encouraged adherence to a
Mediterranean diet and increased physical
activity. The group-based program involved five
120-min weekly sessions delivered by physi-
cians, dietitians, and a psychologist, whereas
the web-based program included the same
content, separated into 25–35 interactive slides.
The participants were able to access the web-
based content without limitations. Both groups
attended the clinic for follow-up visits every
6 months. Both groups demonstrated similar
weight loss at 6, 12, and 24 months, with aver-
age weight loss at 24 month of * 5.5% in the
web-based cohort and * 4.2% in the group-
based cohort (Table 3). Surrogate indices of
NAFLD also improved to a similar extent in
both groups, demonstrating that a web-based
program is as effective as a group-based face-to-
face intervention for patients with NAFLD and
T2D. However, less than 20% of the entire
cohort met the predetermined target of 10%
weight loss, and normalisation of ALT was only
reported in * 35% of the web-based cohort and
* 20% of the group-based at 24 months. This
indicates that the majority of participants
undertaking either intervention failed to meet
weight loss targets or reduce ALT to non-NAFLD
levels and suggests that the intervention as a
whole, whether web-based or group-based,
needs to be optimised for this population.

Diet vs. Physical Activity Interventions

As these studies are multidisciplinary, it is
challenging to decipher which aspects of the
intervention are most beneficial; this is impor-
tant for delivering and refining future preven-
tion and treatment programs. When comparing
diet to diet and physical activity interventions
in 45 patients with T2D, Bozzetto et al. [67]
reported that a high-MUFA diet reduced IHTAG,
but the addition of exercise had little additive
effect (Table 3). This finding suggests that diet,
rather than exercise, interventions mediate
improvements in markers of NAFLD in patients
with T2D. Whilst this observation appears to
disagree with much of the literature cited above
regarding the influence of exercise on IHTAG, it
is supported by the findings of Eckard et al. [68],
who observed improvements in NAS following a
diet, and diet and exercise intervention, but not
when exercise was performed in isolation
(Table 3). Conversely, in a tightly controlled
inpatient study, Tamura et al. [69] randomly
assigned 14 subjects to a control diet or a
combined diet and exercise intervention, where
the diet was matched but participants also
completed 2–3 30-min sessions of walking 5–-
6 days/week for 2 weeks (Table 3). Both groups
reduced their BMI and body fat percentage to a
similar extent, and both groups showed a
reduction in IHTAG. However, only the exercise
group showed a reduction in intramyocellular
fat (assessed by MRI/S), which was associated
with improvements in clamp-derived measures
of peripheral insulin sensitivity; no improve-
ments in intramyocellular fat or peripheral
insulin sensitivity were observed in the group
who only altered their diet.

Taken together the evidence suggests that
combined diet and aerobic exercise interven-
tions do not appear to cause further IHTAG
reductions compared with diet interventions
alone when matched for weight loss. However,
whilst reductions in IHTAG may be similar, a
combined diet and exercise intervention may
improve an individual’s overall metabolic
health via alterations in other tissues (e.g.
skeletal muscle) above that of diet alone. How-
ever, not all studies support this hypothesis.
Otten et al. [70] investigated the effects of an
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ad libitum Paleolithic diet for 12 weeks in
combination with 3 h a week of supervised
aerobic and resistance training compared to
standard care physical activity recommenda-
tions (Table 3). Weight loss was similar (* 7 kg)
in both groups, as was the reduction in
peripheral insulin sensitivity during a hyperin-
sulinemic-euglycaemic clamp. No difference
was reported in hepatic insulin sensitivity after
either intervention despite IHTAG decreasing
by * 74% in the diet group, and * 32% in the
diet and exercise group. The smaller reduction
in the latter group appears to have been driven
by three participants who gained IHTAG, as
removal of these individuals from analysis
resulted in no significant differences between
groups for IHTAG. Why these participants dis-
played a divergent response is unclear. Con-
versely, Al-Jiffri et al. [71] investigated 100 male
patients with both NAFLD and T2D and ran-
domised them to a combined diet and exercise
intervention, or diet alone. Exercise consisted of
treadmill running at 65–75% of heart rate max
three times a week for 3 months, and the diet
was a prescriptive hypocaloric diet providing
1200 kcal/day. Significant reductions in BMI
(* 4.9 kg/m2) were reported in the combined
diet and exercise group, which were associated
with reductions in ALT, AST, cGT, and HOMA-
IR. However, no significant reductions in BMI or
liver enzymes were noted in the group that had
the diet intervention alone. Adherence to the
respective interventions was not reported.
Whilst this finding appears to be in contrast
with those above, it highlights the importance
of weight loss in managing NAFLD in this
population.

Overall, the evidence clearly demonstrates
that multidisciplinary interventions aimed at
reducing body weight are beneficial for patients
with both NAFLD and T2D, with greater weight
loss associated with greater improvements in
metabolic health. From the limited number of
studies that have compared the effects of diet
and physical activity it appears that it is diet
that has the greatest influence on NAFLD,
although increased physical activity may have
additional metabolic benefits in other tissues.
The level of support provided in a number of
these studies is relatively high (e.g. individually

tailored diet/exercise programs, regular follow-
ups by diet and exercise professionals etc.). The
data suggest that those who receive additional
support/monitoring may respond better to an
intervention. However, it is unclear as to whe-
ther upscaling interventions of this nature is
feasible because of the sustained requirements
of specialist staff. Further research is required
regarding the ability to provide such interven-
tions within a primary care setting and the cost
implications of delivering such interventions.

PROPOSED MOLECULAR
MECHANISMS UNDERPINNING
LIFESTYLE INTERVENTIONS

The mechanisms through which physical
activity/exercise reduces IHTAG content have
received relatively little attention. A recent
hypothesis relates to the myokine interleukin-6
(IL-6) which is increased in response to exercise
[72]; it is suggested that IL-6 signalling mediates
exercise-induced reductions in visceral adipose
tissue mass [73]. IL-6 treatment in rat hepato-
cytes led to increased secretion of apolipopro-
tein B (ApoB)-containing lipoproteins [74] and
an increased secretion of TAG-rich lipoproteins
may play a role in the reduction of IHTAG
content [75]. Taken together, this represents a
theoretical pathway through which exercise, via
IL-6 signalling, may influence IHTAG. Further-
more, during sustained physical activity/exer-
cise there is an increase in glucose uptake by
skeletal muscle, which is met in part by the
breakdown of glycogen in the muscle, but also
from increased hepatic glucose output, medi-
ated by the breakdown of liver glycogen and
gluconeogenesis [76]. Animal evidence demon-
strates that as gluconeogenesis increases so does
the hydrolysis of adenosine triphosphate (ATP)
resulting in an increased AMP:ATP ratio in the
liver. Subsequent activation of the energy sen-
sor AMPK and initiation of downstream sig-
nalling cascades result in a net reduction in
lipogenesis and a parallel increase in fatty acid
(FA) oxidation [77]. Although in this setting
there is an increased provision of FA from adi-
pose tissue to the liver for oxidation, it is plau-
sible that over time repeated exercise may
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increase hepatic FA oxidation capacity. Addi-
tionally, physical activity and exercise represent
a strong stimulus for adipose tissue lipolysis and
FA oxidation that can persist for an extended
duration (10–20 h) after the cessation of exer-
cise, which may have implications for whole-
body fat accumulation [78].

Other mechanisms through which physical
activity/exercise may mediate improvements in
NAFLD may relate to insulin sensitising in
skeletal muscle. Increased physical activity/ex-
ercise is known to improve whole-body insulin
sensitivity [79, 80], which appears to be
attributable to alterations in skeletal muscle
insulin sensitivity [81, 82]. This may reduce
postprandial insulin excursions which would
have implications for hepatic FA metabolism;
elevated insulin concentrations have been
shown to suppress VLDL-1 ApoB production,
stimulate activity of lipogenic enzymes, and
upregulate de novo lipogenesis (DNL) [83],
which may increase the production and reten-
tion of IHTAG. Furthermore, an intermediate in
the DNL pathway, malonyl-CoA, inhibits car-
nitine palmitoyltransferase 1 activity, parti-
tioning FA away from oxidation and towards
esterification pathways [83, 84]. However, at
present these mechanisms are speculative and
the influence of exercise on intrahepatic FA
partitioning in humans requires further
investigation.

There is also limited available evidence
regarding the mechanisms underpinning the
effects of dietary interventions on IHTAG. It is
plausible that during hypocaloric diets, the
reduction in energy intake reduces the avail-
ability of substrates for the production of
IHTAG (e.g. FA for esterification and non-lipid
precursors for DNL). Support for this comes
from animal studies where a downregulation in
the expression of genes involved in hepatic
lipogenesis has been demonstrated after hypo-
caloric feeding [85]. Human data also demon-
strates reductions in the lipogenic index (used
as a proxy for DNL) in response to weight loss,
which was associated with reduced IHTAG [86],
although we have previously shown that
plasma indices of DNL are not representative of
isotopically determined DNL [87]. Improve-
ments in whole-body and hepatic insulin

sensitivity have also been observed in response
to hypocaloric diets [48, 50, 52, 88]. Improve-
ments in insulin sensitivity have previously
been associated with reductions in adipocyte
size rather than reductions in body weight per
se [88, 89]. It has been proposed that reductions
in cell volume may alleviate cellular hypoxia
which has been associated with endoplasmic
reticulum stress and inflammation [90]. How-
ever, further hepatocentric investigations
regarding the effect of hypocaloric diets and
weight loss are required in order to elucidate the
molecular mechanisms. It is reasonable to
assume that in those undergoing multidisci-
plinary interventions, where both hypocaloric
diet and exercise interventions are employed,
there are multiple simultaneous mechanisms at
play mediating metabolic improvements.

CONCLUSIONS

From the available evidence it is clear that
increasing physical activity/exercise is effective
in improving metabolic parameters in patients
with both NAFLD and T2D. Specifically, it
appears that the addition of any kind of exercise
(i.e. resistance, aerobic, or high-intensity inter-
mittent exercise) is beneficial for patients with
both NAFLD and T2D. These effects appear to
occur independently of changes in body weight.
Hypocaloric diets leading to weight loss are also
effective in improving metabolic parameters
pertinent to NAFLD and T2D. Where data is
available it appears that 7–10% weight loss is
required in order to observe beneficial effects on
NAFLD parameters, although this appears to be
dependent on the population being studied as
smaller amounts of weight loss (3–5%) appear to
be beneficial in patients with NAFLD without
obesity. It remains unclear whether there is an
optimal macronutrient composition for hypo-
caloric diets in regards to treating patients with
both NAFLD and T2D. Combining diet and
exercise interventions also appears to be an
effective treatment strategy in patients with
NAFLD and T2D. However, it is unclear if mul-
tidisciplinary interventions are more effective
than diet and exercise interventions in isolation
in this population. Comparing treatment
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strategies in patients with both NAFLD and T2D
is necessary in order to develop future cost-ef-
fective treatment strategies.

Whilst lifestyle interventions are effective in
a large proportion of individuals, there exists a
subset who demonstrate no clinical improve-
ments relevant to NAFLD in response to lifestyle
interventions. It is plausible that more intensive
treatments are necessary in these individuals.
For example, Moolla et al. [91] recently
demonstrated the effectiveness of a multidisci-
plinary hepatology clinic that combines life-
style intervention with pharmacological
treatment in improving liver-related and car-
diometabolic health in patients with both
NAFLD and poorly controlled T2D. Health
economic modelling also suggests that this
intervention was cost effective in treating this
population. Other, more extreme interventions
such as bariatric surgery may also be necessary
in certain populations.

FUTURE DIRECTIONS

There are a number of open questions regarding
lifestyle interventions in patients with both
NAFLD and T2D. Firstly, despite the strong
association between NAFLD and T2D there
exists a relatively small number of interven-
tion studies which have recruited patients with
both NAFLD and T2D, and some studies actively
exclude those with coexisting NAFLD and T2D.
It is unclear if findings from patients with
NAFLD without T2D can be directly extrapo-
lated to patients with both NAFLD and T2D, or
if certain aspects of an individual’s physiology
that led to the progression of these coexisting
diseases would influence disease remission or
response to an intervention. Future research
should aim to establish whether patients with
both NAFLD and T2D respond to interventions
in a similar manner to those with NAFLD or
T2D in isolation. Elucidating the mechanisms
underpinning lifestyle interventions would also
aid in the development of future prevention
and treatment strategies.

Moreover, the longest studies to date are
12 months in duration, and it is unclear whe-
ther or not participants were able to continue

implementing changes once outside the
research setting or in the case of hypocaloric
diets whether longer-term interventions are safe
and feasible. Questions also remain as to the
optimal macronutrient composition of hypo-
caloric diets. A further area of research relates to
the scalability of these interventions, as many
studies required a large number of specialist
staff for extended periods of time. Analysing the
cost effectiveness of such interventions is vital
in deciding upon future treatment strategies for
patients with both NAFLD and T2D.
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