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ABSTRACT

The current Western diet figures centrally in the pathogenesis of several chronic diseases such as obesity, type
2 diabetes, cardiovascular disease and the emerging major health problem nonalcoholic fatty liver disease,
all of them negatively impacting on life expectancy. This type of diet is represented by a high calorie uptake,
high glycemic load, high fat and meat intake, as well as increased consumption of fructose. On the contrary,
a simplified way of eating healthily by excluding highly-processed foods, is presumed to be the Paleolithic
diet (a diet based on vegetables, fruits, nuts, roots, meat, organ meats) which improves insulin resistance,
ameliorates dyslipidemia, reduces hypertension and may reduce the risk of age-related diseases. The diet is
the foundation of the treatment of obesity- and type 2 diabetes-related nonalcoholic fatty liver disease and
a diet similar to those of pre-agricultural societies may be an effective option. To lend sufficient credence to
this type of diet, well-designed studies are needed.

Key words: NAFLD - Paleo diet — metabolic syndrome - obesity.

Abbreviations: BMI: body mass index; BP: blood presure; CHO: carbohydrates; CVD: cardiovascular disease;
FAs: fatty acids; FFAs: free fatty acids; HDL: high-density lipoprotein; HG: Hunter-gatherer; IIS: insulin/
IGF-1 signaling; IOM: Institute of Medicine; LDL: low-density lipoprotein; MUFA and PUFA: mono- and
polyunsaturated fatty acids; MS: metabolic syndrome; NAFLD: nonalcoholic fatty liver disease; NASH:
nonalcoholic steatohepatitis; PAI-1: plasminogen activator inhibitor-1; RNS: reactive nitrogen species; ROS:
reactive oxygen species; HNE: 4-hydroxy-2-nonenal; MDA: malondialdehyde; SF: saturated fat; TFI: total

fiber intake; T2DM: type 2 diabetes mellitus; VLDL: very low density lipoproteins.

INTRODUCTION

Our ancestors, belonging
to the pre-agricultural epoch,
the so-called Hunter-Gatherer
(HG) during the Paleolithic
age, also known as stone age,
starting from about 2.5 million
to 10,000 years BC, fed mainly on
meat, organ meats and insects,
roots, green vegetables, seasonal
fruit and nuts, as reported by
Boers et al. and Cordain et al.
[1, 2]. This type of diet, labeled
as the Paleolithic diet, has
been suggested, but with some
criticism by some authorities
[3], to concord better with our

evolutionary inheritance than a diet built on agricultural
products available during the Neolithic period (nearly 10,000
years BC - nowadays), i.e., grains and dairy products [1, 4, 5].
A diet discordant with our evolutionary inheritance is thought
to determine illnesses due to an inadequate re-arrangement [ 1,
6]. The lower incidence of those diseases, assumed to be from
affluence [1, 7], such as obesity and type 2 diabetes mellitus
(T2DM), with the related nonalcoholic fatty liver disease
(NAFLD), as well as cardiovascular disease (CVD) among non-
Western populations can be justified by assuming HG-similar
diets but also having an equal lifestyle [1, 8, 9]. It should be
emphasized that the supposed factors, i.e., fat (both amount and
quality) and (cereal) fiber, claiming lower incidence of diseases
of aftfluence, have little impact on mechanisms inducing such
diseases [1, 10]. A potential mechanism is more likely to be that
the Paleolithic diet opposes impaired glucose homeostasis, i.e.,
the insulin resistance, considered a factor central to NAFLD,
and hypertension [1, 4]. Obviously, food scarcity coupled
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with the accompanied decreased food consumption as well as
the satiating properties of a Paleolithic diet [1, 4] could play
a certain role. Caloric restriction of 20-40% of dietary energy
opposed to free feeding (ad libitum) has been demonstrated
to reduce the incidence of several diseases of affluence in
non-human primates, and possibly human beings [1, 11].
Interestingly, non-Western populations with HG lifestyle and
diet show no tendency to obesity and acquire health benefits,
perhaps a slowing aging process, in the same way of those
obtained by caloric restriction despite the ad libitum availability
of food [1, 12].

In many reports, scholars compared the HG diet, or that
presumed to be, to an a-specific modern diet, often accounted
for as a Western diet. Moreover, from the study of the eating
habits of the populations bordering the Mediterranean Sea, it
was possible to define the healthier Mediterranean diet (Table
I) [13].

DIFFERENCES BETWEEN MODERN
WESTERN AND HUNTER-GATHERER
DIETS

Dietary Fat and Cholesterol

Cholesterol is one of the main components of the
phospholipid bilayer of the cell membrane in animals.
Moreover, muscle cell membranes have a similar cholesterol
content as adipocytes [14]. Dietary phospholipids, which are
found in high amounts specifically in game meat, have been
shown to inhibit cholesterol absorption, as reported by Igl et
al. [15].

Despite the increased cholesterol intake (HG cholesterol
intake is estimated at 480 mg/day, nearly 200 mg/day higher
than recommendations), the main source of cholesterol is lean
meat and fish, which have anti-atherogenic properties [3, 16].
There is no evidence, until now, that lean meat (similar to wild
game) intake corresponding to the levels in the average HG diet
has adverse health consequences. Therefore, in this case the
paradigm of the association between diet high in meat - and
therefore cholesterol - and atherosclerosis is questioned. A
better strategy is to maintain serum cholesterol and low-density

Table I. Comparison of diets

lipoprotein (LDL)/high-density lipoprotein (HDL) ratio to
optimal levels and maybe to restrict intake of cholesterol-
raising fatty acids and dietary refined carbohydrates [17].
Mensink et al. [18] have suggested that the effects of dietary
fats on total HDL cholesterol may differ markedly from their
effects on LDL.

The increased intake of saturated fat (SFA), and especially
C-14and C-16 fatty acids, i.e., tridecanoic acid and tetradecanoic
acid, is a major contributor to atherosclerosis. The first and
third leading causes of death in industrialized countries are
CVD and stroke, atherosclerosis being associated with each
one. Moreover, in a modern diet the SFA intake and total fat
intake - the range proposed in dietary guidelines for SF is
7-10% of energy and for total fat 20-35% of energy, respectively,
is far too high and contributes also to the propagation of
endemic obesity and T2DM [19]. However, the basic risk factor
of the obesity epidemic is the positive energy balance and not
the increased fat intake. There are also high fat patterns (e.g.
the Mediterranean type) that are inversely correlated to obesity
and T2DM incidence.

In the HG diet total fat contributes to about one third of
the total daily intake of calories [20], in concordance with
recommendations that the total fat intake should not be below
30%, the main target consisting of having low SFA [21]. Very
low total fat percentage may prevent, delay and almost totally
reverse atherosclerotic plaque formation [22].

The Instute of Medicine (IOM), beyond suggesting a HG
diet, recommends that SFA intake should contribute to a
maximum of 10% of total energy, any increase being related
to CVD risk [23]. The proposed diet with decreased content
in SFA is considered by epidemiologists as an equivalent of
diet rich in mono and polyunsaturated fatty acids (MUFA
and PUFA). It should be noted that game animals and marine
animal flesh have more MUFA and PUFA than beef, chicken,
pork and other meats commercially available [17, 23]. There are
well-known dissimilarities in commercial farming, differently
affecting MUFA content [24].

The amount of PUFA ingested by ancestral people is
estimated to be higher than in the standard modern diet, and
it is almost completely due to a greater proportion of cardio-

Hunter-gatherer

Traditional

Traditional low-fat  Low-carbohydrate

Mediterranean (Ornish diet) (Atkins diet)
Carbohydrates (%) Moderate (22-40) Moderate (50) High (80) Low (4-26)
Total fat (%) Moderate (28-47) Moderate (30) Low (<10) High (51-78)
Saturated fat Moderate Low Low High
Monounsaturated fat High High Low Moderate
Polyunsaturated fat Moderate Moderate Low Moderate
Omega 3 fat High High Low Low
Protein (%) High (19-35) Moderate (16-23) Low (<15) Moderate (18-23)
Total fiber High High High Low
Fruits and vegetables High High High Low
Nuts and seeds Moderate Moderate Low Low
Salt Low Moderate Low High
Refined sugars Low Low Low Low
Glycemic load Low Low High Low
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protective w-3 fatty acids. In this case, HG diet may be very
restrictive compared to current recommendations [17, 25].

Carbohydrates

Carbohydrates (CHO) are the first source of energy
(accounting for more than 50% of daily energy) specifically, in
the American diet and, generally speaking, in the Western diet
(Table I). Added sugars (any type) account for 15% of energy
intake [3, 26]. Meanwhile, 85% of cereal grain, in Western diet,
are refined and represent the largest single CHO source [3]. It is
also important to note that dairy farm products are significant
contributors to the total sugar intake [27]. The amount of sugar
in a modern Western diet is higher than in the HG diet. In the
latter, the majority of CHO comes from fruits and vegetables,
deriving only 2-3% from honey (added sugar) and probably
none from refined cereal grains [3, 23, 28]. Following the HG
diet, the IOM recommendations are fulfilled (CHO ranging
from 45% to 65% of total energy). Moreover, the proportion
of added sugar drops from 25% in the American/Western diet
to 3% in the HG diet [3, 26]. It is noteworthy to stress that the
Mediterranean diet is relatively high in sugar derived from
cereal grains, when compared to the HG diet, surprisingly
resulting in being less effective in improving insulin resistance
and CVD risk factors in T2DM subjects [3, 29].

Such recommendations are shifting toward the ancestral
example (Table II), as reported by Eaton et al. [30].

Protein

Since the 1980s, a reduction in the percentage of protein
intake, particularly meat-derived, and a rise in SF consumption,
has been clearly evidenced in the modern Western diet [31].

Table II. Comparison of recommendations

According to a recent theory, a rich-in-meat diet might
be harmful to health because it leads to an excessive nitrogen
load [31, 32]. Moreover, since the 1980s experts have advised
pursuing a reduction in protein intake, particularly meat
derived, due to its association with high cholesterol-raising
fat intake [31, 32].

Conversely, HG diet is rich in protein (25-30% of total
energy intake versus 16% in the US diet), especially deriving
from wild game and aquatic species. Actually, there is no
evidence that the quantity of wild game, or similar lean meat,
consumed in levels corresponding to those of the HG diet has
adverse health consequences.

Sodium and the Sodium/Potassium Ratio

The INTERSALT study showed a positive relationship
between dietary sodium intake and blood pressure (BP) [33].

As clearly described in Table II, there are important
differences from the HG diet and the modern Western diet in
sodium and potassium intake.

A relevant limitation in studying the HG diet is that it is
difficult to directly compare the long term effects in a real
population. However, we may consider modern populations
having a sodium intake near that range estimated for ancestral
HG. Populations with very low urinary sodium excretion (0.9
mmol/d) have a mean systolic/diastolic blood pressure of
95.4/61.4 mm Hg, with no registered cases of hypertension
and BP not increasing with age [34].

A WHO meta-analysis [35], which excluded very low salt
intake populations, concludes that reduction of sodium intake
to less than 5 g/day is correlated to a reduction of 17% in the
overall rate of CVD and 23% of stroke, ultimately preventing

Recommendations
Estimated Pre-1990 Current
ancestral intake

Nutrients
Carbohydrate (% daily energy) 35-40 55-60° 45-65
Added sugar (% daily energy) 2 12 <25
Fat (% daily energy) 30-40 30 20-35
Satured fat (% daily energy) 7.5-12 <10 <7
Cholesterol (mg/d) >500 <300 <300
EPA+DHA* 5-6 - 1.6 for males, 1.1 for females
Protein (% daily energy) 25-30 10-15 10-35
Fiber (g/d) >70 - 38 for males, 25 for females
Vitamin C (mg/d) 500 60 90 for males, 75 for females
Vitamin D (IU/d) 4000 (sunlight) 400 1000
Calcium (mg/d) 1000-1500 800 1000
Sodium (mg/d) <1000 2400 1500
Potassium (mg/d) 7000 2500 4700
Body composition (% lean:% fat)
Females 35-40:20-25 - <31% fat
Males 45-50:10-15 - <26% fat
Physical activity (Kcal/d) > 1000 - 150-490

° Range (all such values); * EPA+DHA, eicosapentaenoic acid + docosahexaenoic acid
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more than 4 million deaths worldwide every year. Subsequent
studies found that a 25-35% reduction in salt intake reduces the
risk of CV events of 25% in a follow-up period of 10-15 years
and a validated computer simulation evidenced that the passage
from the estimated actual 10.4 and 7.3 g/d of salt for adult
males and females reduces linearly CVD mortality [36, 37].

Following a HG diet nowadays does not simply ensure a
low salt/sodium intake.

Electrolyte and Acid Base Balances

Low consumption of potassium-rich fruits and vegetables
with an increasing added sodium intake (roughly 10 fold higher
than in HG) such as in the Western diet results in sodium
levels exceeding potassium levels [38]. These modifications
in combination with the high consumption in cereal grains
and dairy products would drive systemic pH toward acidity
[3, 39]. Exaggerated urinary calcium, bone calcium depletion,
nephrolithiasis, loss of muscular mass and renal insufficiency
are the dramatic consequences and imply corrective measures
against diets favoring metabolic acidosis [3, 40]. Strohle et al.,
studying four different models of animal fat densities (model
A, 3%; model B, 10%; model C, 15%; model D, 20%) confirmed
that the net endogenous acid production of HG diets shifts
progressively from negative to positive as plant-to-animal
ratios decline, and nevertheless, tends to increase compared
to the western diet [39]. The HG diet, which had for the most
part plant based alimentation (such as that of ancestral East
African populations), would have had a more favorable net
negative acid load, confirming the suggested overall alkaline
net load for HG diets [3, 6, 39].

The acid-base hypothesis has been proposed to affect bone
metabolism but results remain inconclusive. On the contrary,
HG calcium content is vague and, looking at Table I, could
range from adequate to very low.

THE PREHISTORIC QUESTION

Several studies focused on the development of a model of
HG diet. Moreover, the principal difficulty in accomplishing
this task is that there is a high dietary diversity among
populations, as noted for modern HG societies [6]. Cordain
et al. [27] estimated macro-nutrients energy and plant to
animal ratio (the latter aimed at evaluating whether HG diets
were predominantly based on animal or vegetable food) on
the data from MurdocK’s Ethnographic Atlas and found that
73% of the worldwide HG societies derived > 50% of total
daily energy from animal foods and only 14% used more
gathered plant foods. These discrepancies are at the basis of
another important macro- and micro-nutrients intake, as
fibers and minerals.

The IOM suggests a minimum daily fiber intake of 25 g/d
for women and 38 g/d for men, but the current median intake
is about half of this (15.5 g/d for women and 18.7 g/d for men)
in the US and only in the South and Central-East Europe does
it nearly reach the recommended intake (Table I) [3, 24].

In a review by Konner and Eaton [3], the authors published
the results of the most recent estimates on the total fiber intake
(TFI) in the HG diet. They estimated that TFI would have
averaged 150 g/day and was not likely lower than 70 g/day. This
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was due to the use of uncultivated vegetables and fruits, which
are more fibrous (13.3 g fiber/100 g) than the commercial ones
(4.2 g/100 g) [31]. Even though in most studies TFI is lower
than that estimated by Konner, the current recommended
daily intake is almost always achieved due to the high dietary
intake of fruits and vegetables, despite the drastic reduction
of cereal fibers. Konner and Eaton [3] also stated that the low
amount of phytic acid, together with the high calcium intake
and the net negative acid load, makes HG diet protective for
low bone mineral density and fractures. An adequate calcium
intake is fundamental to the prevention of osteoporosis, but
habitual physical activity is equally significant [40, 41].The
calcium intake in a HG diet is still an open question. The
Hunter-gatherer diet is found lacking in some micronutrients,
such as calcium and vitamin D. The content of Table II shows
how calcium and vitamin D intake is different between the
estimated intake by Konner [3] and a typical HG diet used in
clinical trials [42]. This deficiency in calcium is probably due to
the absence of milk, dairy farm products, cereals and legumes.

Finally, the level of physical activity was very different in
the ancestral years and this positively affected bone mass and
metabolism, in contrast with very different sets of conditions
of the recent time.

WHAT EFFECTS DOES A PALEOLITHIC
DIET HAVE?

Jonsson’s study [29] was the first to show that a Paleolithic
diet improves glycemic control and several cardiovascular risk
factors compared to a diabetic diet in patients with T2DM.
This randomized cross-over study evaluated 13 subjects
with T2DM on oral agent therapy. Patients consumed, for
three months each, a Paleolithic diet based on lean meat,
fish, fruits, vegetables, root vegetables, eggs and nuts; and a
diabetic diet designed in accordance with dietary guidelines
during two consecutive three-month periods. The patients
were not blinded as to which diet they were ingesting, but
the investigators told them both diets were healthy and
that it was unknown whether either diet was superior.
Compared to the diabetic diet, the Paleolithic diet showed
statistically significantly lower mean values of hemoglobin
Alg, triglycerides (TG), diastolic BP, weight, BMI, and waist
circumference, while mean values of HDL were higher.
The larger decrease of fasting plasma glucose following the
Paleolithic diet did not reach statistical significance, and
systolic BP also tended to reduce following the Paleolithic diet.
Ingestion of a Paleolithic diet (always compared to a diabetic
diet) did not result in a significant reduction in the area under
the curve between 0 and 120 min for glucose duringa 75 g oral
glucose tolerance test, which was a pre-specified endpoint. The
impact of this study was limited by its small size.

The metabolic effects on humans consuming a Paleolithic
diet have been shown in only a handful of studies to date.
Jonsonn et al. [29] showed that, over a three-month study
period, a Paleolithic diet improved glycemic control and
several cardiovascular risk factors compared to a diabetic diet
in patients with T2DM.

Spreadbury [43] reported that a diet of grain-free whole
foods coupled with carbohydrate from cellular tubers, leaves,
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and fruits produces a gastrointestinal microbiota consistent
with our evolutionary condition, potentially explaining the
exceptional macro-nutrient-independent metabolic health
of non-Westernized populations, and the apparent efficacy
of the modern “Paleolithic diet on satiety and metabolism”
Jonsonn et al. [44] recently reported in a randomized cross-
over study that a Paleolithic diet is more satiating per calorie
than a diabetic diet in patients with T2DM. The Paleolithic
diet was seen as instrumental to successful weight loss, albeit
burdened by difficulties to adhere to. Osterdahl et al. [45]
assessed the effect of a Paleolithic diet on 14 healthy volunteers
during a three-week pilot study. Complete dietary assessment
was available for only six subjects. They found significant
improvements in weight, BMI, waist circumference, systolic
BP, and Plasminogen Activator Inhibitor-1 (PAI-1). In a
metabolically controlled outpatient study of nine non-obese
sedentary healthy volunteers, Frassetto et al. [46] reported
no daily weight loss. Participants consuming their usual diet
with those under a Paleolithic type diet were compared. The
participants consumed their usual diet for 3 days, three ramp-
up diets of increased potassium and fiber for 7 days, then a
Paleolithic type diet comprising lean meat, fruits, vegetables
and nuts, and excluding non Paleolithic type foods, such
as cereal grains, dairy or legumes, for 10 days. The authors
concluded that even short-term consumption of a Paleolithic
type diet improves BP, increases insulin sensitivity, and
improves lipid profiles.

THE IMPORTANCE OF LOWERING LIPID
CONCENTRATIONS IN NAFLD/NASH

NAFLD identifies the spectrum of liver disorders ranging
from simple steatosis to various degree of inflammatory
activity and fibrosis, configuring Non Alcoholic SteatoHepatitis
(NASH).

Up to date there have been several attempts to cure
NAFLD by a pharmacological approach. Among others, some
studies have showed the potential efficacy of vitamin E in the
treatment of NASH [47, 48]. Recently, Au et al. showed that
the S-adenosyl-1-methionine and silybin combination inhibits
both inflammation and oxidative stress [49]. Nevertheless,
the actual view for NAFLD treatment is principally directed
toward correction of the risk factors. Another attempt is based
on adiponectin and its agonists, which, together with lifestyle
modifications, could attenuate liver inflammation and fibrosis
[50].

Reduced TG synthesis in the liver is a potential and
interesting target for the treatment of NAFLD. Fernandez
Giannotti et al. recently showed that diet-induced fatty liver is
associated with the down-regulation of hepatic stearoyl-CoA
desaturase-1 transcript and de-dimerization of the protein, and
these changes were not much altered by the status of peripheral
insulin resistance [51].

Insulin resistance, as frequently stressed, is usually
thought to play a central role in the development of both
NAFLD and NASH [52-55]. At the same time, the elevated
concentrations of both glucose and free fatty acids (FFAs)
in the blood contribute to excessive accumulation of neutral
lipids in the liver. Donnelly et al. [55] reported that in NAFLD

patients plasma FFAs were the primary contributor to the liver
triacylglycerol content in the fasted state (50-70% of total
FAs) and to the lipoprotein TG content in both the fed and
the fasted state (50-75% of total FAs). The major part of the
plasma FFAs derived from adipose tissue, which constituted
70-90% of FAs during fasting and 50-70% in the fed state. The
neo-synthesis of FAs from glucose, fructose, and amino acids
was also not regulated in NAFLD patients. De novo lipogenesis
was increased in the fasting state, accounting for 25% of liver
and VLDL TG compared with 5% in healthy individuals [56],
and failed to elevate post-prandially. Furthermore, this study
reported that there were probably two distinct pools of FAs
in the liver, which were handled differently. Plasma FFAs,
representing principally adipose-derived FAs, were thought to
be part of a fast turnover pool that was usually incorporated
into VLDLs, whereas FAs synthesized de novo were thought
to enter a hepatic holding pool. Specifically, in the presence of
peripheral insulin resistance, in which the flux of FAs from the
adipose tissue is not suppressed by insulin and plasma, FFAs
are constantly high and increased rates of lipogenesis may be
a significant source of accumulated TG in the liver [56].

In healthy individuals, increased lipid concentrations in
the liver lead to elevated VLDL production and secretion;
nevertheless, in NAFLD patients, this elevation in fat export
via VLDL may be impaired because of an insufficient apoB-100
synthesis, a rate-determining step in hepatocyte lipid export,
being an important factor in the development of hepatic
steatosis, a prerequisite for NASH [57]. Hypertriglyceridemia,
low HDL concentrations, and small, dense LDL particles
generally result from transformation in the concentration,
size, or both of circulating VLDL [58], which together confer
an elevated risk of CVD [59]. NAFLD, a further expression of
the metabolic syndrome, is directly or indirectly implicated
in the development and progression of CVD [60-66]. In the
light of mitochondrial dysfunction, recently considered to
be an important hit [67], a Paleolithic diet improving insulin
resistance, ameliorating dyslipidemia might prevent the
development of NAFLD/NASH.

FRUCTOSE CONSUMPTION AND NAFLD

Fructose is the main constituent of sugars (sucrose) and
syrups (corn syrup) that are added to foods or beverages when
they are processed or prepared, being sometimes up to 10% of
total calorie assumption in the Western countries [68]. Fructose
can be converted to glucose, mainly in the liver, where it is
transformed into glucose, glycogen, lactate, and, to a lesser
extent, FAs [69]. In animal models, diets containing elevated
quantity of disposable fructose favor the progression of obesity,
insulin resistance, T2DM, and dyslipidemia [68]. Hepatic
steatosis is an early histological feature after fructose exposure,
the inner mechanism of which is represented by hepatic insulin
resistance [68]. A great deal of evidence, based on intervention
trials in humans, suggests that fructose overfeeding (>50 g
fructose, corresponding to 100 g sucrose/day) increases fasting
and postprandial plasma TG concentrations that stimulate
the de novo lipogenesis and the secretion of both very low
density lipoproteins (VLDL) and TG as well as reduce VLDL-
TG clearance in the liver [68]. That said, fructose intake as
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high as 200 g/day decreases hepatic insulin sensitivity, and
does not worsen the muscle insulin sensitivity in healthy
fructose-fed volunteers, in net contrast to animal models.
A likely interpretation is based on the fact that both insulin
resistance and hyperglycemia advance quite exclusively when
subjects are highly exposed to a sustained fructose ingestion,
but only in conjunction with altered body composition [68].
In support of this hypothesis, there is a large body of evidence
that fructose has no negative effects when utilized in moderate
amounts [70]. A short-term fructose overfeeding has been
established to provoke de novo lipogenesis, increasing the fat
excess deposition in the liver, even though the classic feature
of NAFLD in not reached [68]. As reported by Tappy et al.,
on the basis of longitudinal studies, a low quantity of fructose,
even for a long time, does not contribute to the induction or
worsening of NAFLD [68]. However, the available evidence is
not sufficiently robust to draw conclusions regarding the effects
of fructose on NAFLD [71].

Probably, a Paleolithic diet being low in fructose might
prevent the progression of NAFLD.

NAFLD, METABOLIC SYNDROME AND
HEPATOCELLULAR CARCINOMA

According to a single topic conference held by the AASLD,
it was shown that up to 70% of T2DM and obese subjects
exhibited various degrees of NAFLD [72]. In accordance with
this statement, the occurrence of NAFLD in the absence of
metabolic syndrome (MS) seems to be relatively uncommon. In
a study by Marchesini et al. [73], 18% of normal weight subjects
developed NAFLD. However, this percentage rose dramatically
in obese and MS subjects, reaching 67%. Logistic regression
analysis demonstrated that the presence of MS carried a high
risk of a more severe form of NAFLD, i.e., NASH, with an OR
of 3.2 after correction for sex, age, and BMI.

In the study of Fujii et al., the relationship between NAFLD/
NASH, T2DM, MS and hepatocellular carcinoma (HCC)
development was demonstrated in a new NASH-HCC animal
model [74]. A group of healthy male mice were treated with
streptozocin (STZ) and a high-fat diet (HFD) or with STZ
only or no treatment, and a group of healthy female mice were
treated with STZ and a HFD. The infusion of STZ early after
birth led to pancreatic islet injury and to diabetes. In addition,
hepatocellular injury with pathological fat accumulation,
increased lipogenesis and fatty acid oxidation were induced
by the HFD. In the sixth week after the onset of the study,
SED-HFD mice developed fatty liver and NASH after eight
weeks. Comparing these results, the authors concluded that
T2DM predisposes to HCC, but liver inflammation, NASH,
and fibrosis were interrelated processes and were essential for
HCC evolution.

Hepatocellular carcinoma develops in two thirds of
cases against the background of chronic liver disease caused
by HCV and/or HBV infections or by alcohol abuse or
hemochromatosis [75, 76]. A third of HCC patients are
classified as having cryptogenic cirrhosis due to the absence
of these underlying diseases. To date, MS seems to be the
principal noxious stimulus causing the majority of cryptogenic
cirrhosis cases [77]. Moreover, recent evidence has shown
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that obesity and T2DM have a negative prognostic impact
on the natural history of HCC. Turati et al. [78] found a high
risk of developing HCC in subjects with at least one of the
MS components, increasing to up to four-fold if two or more
factors were present. Moreover, obesity increased the risk
of developing HCC and HCC mortality by 2-5 times, and
T2DM doubled the HCC risk independently of the presence
of alcoholic liver disease, viral hepatitis, or other demographic
variables. A subsequent report also found that, in patients with
viral hepatitis (HCV or HBV), the simultaneous presence of
obesity and T2DM multiplied this risk by 100-fold [79].

Even in the non-fibrotic liver, MS seems to be a risk factor
for the development of HCC, similar to that in the cirrhotic
liver. Kawada et al. [80] enrolled a total of 1,168 patients with
HCC and found that HCC developed in 75% of cases with
non-cirrhotic liver affected by NASH (6 of 8 NASH subjects).
This result was of poor significance due to the small number of
examined cases. However, in 2012 Baffy et al. [81] reported in
an interesting review that from 2004 to 2011 at least 116 cases of
HCC had been demonstrated in histology-confirmed NAFLD
without cirrhosis. It seems that simple MS and NAFLD, in the
absence of NASH, can promote the development of HCC, as
shown by Guzman et al. [82].

Insulin growth factor (IGF)-1 and IGF-2 interact with
specific receptors (IGF-1R and IGF-2R), as reported by Scalera
et al. [83]. IGF-IR is over-expressed in vitro and in animal
models of HCC and it was demonstrated that IGF ligands
exerted their effects on HCC cells through IGF-1R and that it
was involved in the degeneration of pre-neoplastic lesions via
an increase in their mitotic activity [83].

Thus, convincing experimental evidence obtained from
invertebrates and nonhuman vertebrates taught us that down-
regulated insulin/IGF-1 signaling (IIS) is of critical importance
for metabolic homeostasis, improved oxidative stress responses
and longevity, as suggested by Melnik et al. [84].

The Paleolithic diet, which excludes hyperglycemic
carbohydrates and insulin-tropic dairy decreasing IIS, has
been successfully introduced for the prevention and treatment
of T2DM, MS and CVD [46, 84].

FUTURE REMARKS

It is important to identify a safer and more effective diet
to counteract obesity or T2DM and their related NAFLD
[85, 86]. Similarly, it is of interest to compare the Paleolithic
diet to other diets in normal-weight, overweight and
obese patients. Potential risks of a Paleolithic diet include
deficiencies of vitamin D and calcium as well as presentation
to environmental toxins from the high intake of fish [87]. All
populations seem to develop diseases of civilization that may
be related to the consumption of industry-sponsored foods
beyond sedentary lifestyles [88]. Groups, whose way of dietary
pattern resembles a Paleolithic diet, have low rates of complex
degenerative diseases due to higher insulin sensitivity, at the
level of muscle and adipose tissues rather than the liver, which
is central to the prevention of developing CVD [89, 90].The
view of Eaton et al. is clearly explained in this paragraph,
resembling the Ockham’s razor, “the theory that deviation
from our ancestral lifestyle elevates, while reversion toward



NAFLD and Hunter-Gatherer (Paleo) diet

365

the basics of Stone Age existence decreases, chronic disease
risk must be judged by its simplicity, intrinsic elegance, and
conceptual economy” [30].

An interesting aspect of diet-induced obesity relies on gut
flora-mediated epigenetic changes. The microbiota of modern
man has a much reduced size and diversity in comparison to
what our Paleolithic forefathers had, and individuals living a
rural life have today [91]. As it is known, the transcription factor
Nrf2, nuclear factor erythroid-2-related factor 2, activates the
transcription of over 500 genes in the human genome, most
of which have cytoprotective functions [92]. The most healthy
diets known, such as the traditional Mediterranean, are rich
in Nrf2 raising nutrients as apparently was the Paleolithic diet
that our ancestors ate, as suggested by Pall and Levine [92].
Another group, of Stomby et al. [93], showed that a Paleolithic-
type diet decreases transcript levels of 11 hydroxysteroid
dehydrogenase type 1 (11BHSD1) in subcutaneous adipose
tissue, influencing the pathogenesis of hepatic steatosis, in
this manner clarifying the link between hypercortisolism [94]
and the potential relationship between NAFLD and HG diet.
Finally, earlier studies showed that the supplementation of a
high-fat diet with protein, main constituents of the Paleolithic
diet, can prevent and even reverse hepatic steatosis [95].

Dietary restrictions, according to the Paleolithic diet, by
decreasing IIS may reduce the risk of age-related diseases.
A note of caution should be added to this statement in the
sense that, if the ancestral diet is rich in game and organ
meats, it should be also rich in purines and maybe result in
hyperuricaemia, which in the Western countries has been
directly linked to insulin resistance and the MS. Finally, the
meat-based food system requires more energy, land, and water
resources than other diets, such as the lactoovovegetarian diet,
making in this limited sense, the ancestral diet less sustainable
[96].

CONCLUSION

Current dietary patterns are considered the cause of
declining health, being mandatory to reduce the visceral fat
[97]. Obesity and T2DM are among the major public health
concerns [98]. The Paleolithic diet might be an acceptable
antidote to the unhealthy Western diet, but only unequivocal
results from randomized controlled trials or meta-analyses will
support this hypothesis.

There is a debate around the actual food consumed by our
ancestors, which varied according to places, seasons and food
availability [99], and for this reason a definite and clear vision
of this type of diet merits further more sophisticated studies
before it is advised to be followed, also taking into account that
the Paleolithic diet constituents are only supposed [100], even
though with great approximation.

The current recommendations are for weight reduction
by dietary modification. We believe that diets more closely
resembling those of HG societies should be studied for the
prevention and treatment of NAFLD and associated conditions,
and that this is a matter of urgency. This is due to two orders
of factors: 1) NALFD and comorbidities are highly prevalent
and represent a huge personal and national burden in terms of
reduced quality of life and economic burden respectively; and

2) most if not all guidelines for the prevention of and treatment
of NAFLD, type 2 diabetes, obesity, and related conditions have
a lifestyle, particularly the diet, as their foundation.
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