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Abstract

Nonalcoholic fatty liver disease (NAFLD) has become
one of the most common causes of liver disease world-
wide and has been recognized as a major health bur-
den. The prevalence of NAFLD has grown proportionally
with the rise in obesity, sedentary lifestyle, unhealthy
dietary pattern, and metabolic syndrome. Currently,
there is no drug therapy that can be formulated for
treating NAFLD. A combination of dietary modifications
and increased physical activity remains the mainstay
of NAFLD management. It is hard to maintain this
mode of management; however, it seems to have
significant long-term benefits. Furthermore, NAFLD
patients, whether obese or not, should be educated
that a healthy diet and physical activity have benefits
beyond weight reduction. Further large controlled ran-
domized trials are needed in order to identify the best
dietary regimen and physical activity in the manage-
ment of NAFLD patients. This review highlights the role
of diet and lifestyle modifications in the management
of NAFLD, and focuses on human studies regarding di-
etary modifications and physical activity.
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Core tip: To date there is no effective drug treatment
for nonalcoholic fatty liver disease (NAFLD). A combi-
nation of dietary modifications and increased physical
activity remains the mainstay of NAFLD therapy. In
order to prevent the hepatic, extra-hepatic, including
metabolic complications of NAFLD, it is important to
manage this condition early. Therefore, a plan should
be carried out immediately when NAFLD is diagnosed
combining diet and proper exercise activity. This review
highlights the role of diet and lifestyle changes in the
management of NAFLD, and focuses on human studies
regarding dietary modifications and physical activity.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a significant
health problem worldwide. NAFLD affects 20%-30% of
the adult population. NAFLD can progress to nonalco-
holic steatohepatitis (NASH), characterized by inflamma-
tion, apoptosis, and ballooning degeneration. This form
of liver injury carries a 20%-50% risk for progressive

fibrosis, 30% risk for cirrhosis, and 5% risk for hepato-
[2-6]

cellular carcinoma
The nonstop rising incidence of obesity in today’s
generation is associated with many health complications
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Table 1 Soft drink consumption linked with nonalcoholic

fatty liver disease (mean + SD)
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Table 2 Dietary products that promote or improve nonalco-
holic fatty liver disease

Dietary constituent NAFLD Controls P value
(n = 31) (n = 30)

Total energy intake (kcal) 2300 + 500 2200 + 600 0.3

Added sugar (g/d) 75.6 £ 8.4 33.6+12.6 0.001

Percent of added sugar from 43% 8% 0.001
soft drinks

NAFLD: Nonalcoholic fatty liver disease.

in addition to NAFLD". These include cardiovascular
diseases, diabetes, hypetlipidemia, and hypertension. This
constellation is recognized as metabolic syndrome (MetS).
About 70% of patients with fatty liver have MetS and
30% of patients with MetS have fatty liver”. NAFLD
patients have multiple components of the MetS, whether
ot not they are overweight or obese. Insulin resistance (IR)
is present in NAFLD patients and is a significant predic-
tor of NAFLD and NASH in most patients' .

NAFLD is a multifactorial disease that involves a
complex interaction of genetics, diet, and lifestyle, all of
which combine to form the NAFLD phenotype. Cur-
rently, the only established treatment of NAFLD is the
use of diet and lifestyle changes in ordetr to dectease
body weight, and to improve glycemic control, dyslipid-
emia, and cardiovascular risk!" .

As NAFLD and the other components of MetS are
strongly associated with obesity, weight loss constitutes
the principal key in NAFLD management. Sudden or
quick weight loss achieved through dietary modifica-
tion may lead to the progression of liver failure in some
NAFLD patients. Alternatively, weight loss through
surgical methods, even with rapid weight reduction after
surgery, has been successful in reducing NAFLD pro-
gressionm’lq.

This review highlights the role of diet and lifestyle
modifications in the management of NAFLD, and fo-
cuses on human studies regarding dietary modifications
and physical activity.

DIETARY CHANGES

Commonly, patients with NAFLD consume high ca-
loric diets, especially in the form of carbohydrate and
fats, in compatison to control population. The increased
consumption of carbohydrate in the form of beverages
has increased the total energy intake share from 3.9%
in 1977 to 9.2% in 2001"". Zelber-Sagi ef al™ showed
that NAFLD patients consume a larger quantity of soft
drinks and meat than controls. Soft drinks are the leading
source of added sugar worldwide and have been linked
to NAFLD"" (Table 1). Musso ¢z a/'"" noted increased
protein intake among NAFLD patients. NAFLD diets
in these patients also tended to have a higher content of
saturated fat and cholesterol and less polyunsaturated

fatty acids (PUFAs) than healthy persons (Table 2). Simi-
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Promote NAFLD Improve NAFLD
Soft drinks Yes No
High fructose corn syrup Yes No
Processed carbohydrates Yes No
Saturated fatty acids Yes No
Polyunsaturated fatty acids No Yes
High protein Yes No
Red meat Yes No

NAFLD: Nonalcoholic fatty liver disease.

lar findings were observed by Cortez-Pinto ez a",

There is a lack of randomized clinical trials (RCTS) re-
garding the positive effect of foods or nutritional supple-
mentation on NAFLD. NAFLD patients have a tendency
towards a lower intake of fish rich in omega—3”8’22].

CALORIC RESTRICTION

As much as 40 years ago, Drenick e7 al™ assigned 41
severely obese subjects to three different diet regimens
of prolonged fasting, hypocaloric diet of 500 kcal/d, or
intestinal bypass surgery. On repeat liver biopsy after one
year, patients showed an improvement in steatosis with
a mean weight loss of 40.9 kg in the prolonged fasting
group and 59.5 kg in the hypocaloric diet. Similar results
were obtained by Huang er al™ using a diet of 1400
kcal/d among patients with NASH. Repeated liver biop-
sies indicated histological improvement in steatosis with
a mean weight loss of 10.3 kg over a period of 6 mo.
Lewis ¢ al™ investigated 18 morbidly obese subjects who
underwent magnetic resonance imaging and spectros-
copy (MRS) to measure liver size and fat content before
and after treatment with Optifast very low caloric diet
(VLCD). After six weeks, subjects had a mean weight re-
duction of 9 kg and 43% reduction in mean liver fat. Sev-
eral studies have demonstrated that a reduction in caloric
intake of 500 kcal with or without physical activity for a
period of 6 mo resulted in a significant decrease in liver
fat based on MRS examination™ . Vitola ez a/*” showed
that moderate diet-induced weight loss decreases intra-
hepatic triglyceride (IHT) content and improves insulin
sensitivity in the liver and skeletal muscle in obese adoles-
cents who have normal glucose intolerance. It seems that
a very low caloric diet is effective in reducing liver fat and
weight. However, larger clinical randomized trials (CRT)
are needed.

CARBOHYDRATE RESTRICTION

Simple carbohydrates in the diet, in particular fructose,
have been linked to NAFLD™. As carbohydrate con-
sumption affects glucose homeostasis and free fatty
acids metabolism in the liver, carbohydrate-restricted
diet also has been studied. Yancy ¢ o/’ demonstrated in
120 overweight subjects with hyperlipidemia that a low-
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carbohydrate, ketogenic diet (< 20 g/d), compared with
low-fat, low-cholesterol, reduced-caloric diet, achieved a
12.9% weight loss and lipid profile improvement. Tendler
et al™ examined the effect of a low-carbohydrate diet (<
20 g/d) on hepatic steatosis in five patients with NAFLD.
After 6 mo, repeated liver biopsies showed a reduction
in steatosis, inflammation, and fibrosis, and a weight loss
of 12.8 kg. Huang ez al™ placed 23 patients with biopsy-
proven NASH on a diet of 45% carbohydrate, 35% fat,
and 20% protein for 12 mo. They showed that in 9 of
15 patients who underwent repeated liver biopsies, there
was a significant histological improvement in hepatic
steatosis. Recently, a small CRT showed that short-term
carbohydrate restriction is more efficacious at reducing
IHT than caloric restriction”™. In an RCT of 307 obese
patients with mean BMI of 36.1 kg/ m’, both low-fat and
low-carbohydrate diets decreased blood pressure, serum
triglycerides, VLDL, and LDL levels™.

FAT RESTRICTION

The composition of dietary lipid may influence the IHT.
One study has demonstrated that an isocaloric high fat
diet in postmenopausal women increased the IHT™. Fur-
thermore, a study comparing diets of NAFLD patients
with NASH patients found that patients with NASH
consumed a higher percentage of calories from fat that

those with steatosis alone, despite consuming fewer total
calories™. Petersen ef al” applied a 3% low-fat reduced-
caloric diet (1200 kcal/d) to eight patients with NAFLD.
Based on MRS they showed an 81% reduction in hepatic
lipid content and weight loss of 8% over a maximum pe-
riod of 16 wk.

Specific types of fat play an important role in NAFLD
pathophysiology in addition to the total fat content of
the diet. It is difficult to determine the effects of satu-
rated fats independent of total calories™. Trans-fatty
acids (TFA) are unsaturated acids with at least one double
bond in the trans configuration. They are rarely found
naturally in the food supply. Therefore, the role of TFA
in human NAFLD needs to be studied.

Polyunsaturated fatty acids and specifically the n-3
PUFA and mono-unsaturated fatty acid may play a
protective role in NAFLD (Table 2). The intake of n-3
PUFAs of marine origin leads to elevated serum con-
centration of adiponectin, largely independent of food
intake or adiposity and decreases serum insulin, TGs,
and leptin levels. These effects have been used to ex-
plain the anti-diabetic action, weight loss, and decrease
in adiposity that occur with the intake of n-3 PUFA-rich
diets™ ™. In addition, PUFAs up regulate gene expres-
sion of proteins involved in fatty acid oxidation, while
they decrease those involved in lipogenesis including
SREBP-1". n-3 PUFA concentrations are lower in pa-
tients with NAFLD, and have a higher ratio of n-6 to
n-3 PUFA™, Capanni ez al™ investigated the efficacy of
n-3 PUFA supplementation in 42 patients with NAFLD
who were treated daily with 1 g n-3 PUFA for 12 mo in
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an open-label study. In addition to significantly lower-
ing their serum AST, ALT, and GGT activities and their
serum TG and fasting blood glucose levels, they found
that the n-3 PUFA supplementation ameliorated the
ultrasonographic and hemodynamic features of hepatic
steatosis. Spadaro ez al™ investigated the efficacy of n-3
PUFAs in 40 patients with NAFLD, and reported that
serum ALT activity, serum TG levels, as well as fatty liv-
er improved after six mo of n-3 PUFA therapy. Eicosap-
entaenoic acid (EPA) is one of the most important fatty
acids of the n-3 PUFAs. In a pilot trial that involved 23
patients with biopsy-proven NASH who were given 2.7
grams of EPA daily for 12 mo™!, the EPA treatment
improved serum ALT and AST activities and free fatty
acid levels. In six of the seven patients who agreed to
have a repeat liver biopsy at the end of the study, they
found an improvement in the extent of hepatic steatosis
and fibrosis and the severity of the hepatic inflamma-
tion. In a preliminary study, Sofi ez al® investigated the
effectiveness of one-year consumption of an n-3 PUFA-
rich diet in 11 patients with NAFLD. They reported that
the long-term consumption of olive oil enriched with n-3
PUFAs was able to decrease serum liver enzyme activi-
ties and TG levels. In an RCT that involved 134 patients
with NAFLD, Zhu ez a/*" reported that n-3 PUFAs from
seal oils are safe and efficacious in hyperlipidemic pa-
tients with NAFLD. Specifically, they found that these
n-3 PUFAs can improve their serum ALT activities and
serum lipid levels, and normalize hepatic fat infiltration.
Ovya ¢t al™ studied the association between dietary n-3
PUFAs and NAFLD in Japanese men and women, and
they found that dietary EPA and EPA with DHA may
be independent and preventive nutrients for NAFLD in
Japanese men.

PROTEIN

The exact effect of protein on NAFLD is not so clear.
Recently, it was shown that a Western dietary pattern at
14 years-of-age in a general population sample was asso-
ciated with an increased risk of NAFLD at 17 years, par-
ticulatly in obese adolescents™. Several previous studies

showed a significant association between meat (red meat)
consumption and NAFLD"™*"",

PHYSICAL ACTIVITY

Physical activity (PA) is another modality for weight
reduction in NAFLD therapy. Despite the difficulties,
increased PA is highly beneficial in the management of
NAFLD. PA has been shown to produce a reduction of
35% for diabetes and 49% for cardiovascular diseases in
patients with NAFLD"*. In an observational analysis
of 348 patients with NAFLD, after one year Suzuki ez
al™ demonstrated an improvement in transaminase lev-

els with weight loss, and they concluded that reducing
weight by at least 5% with subsequent weight control and
exercising regularly may be beneficial in treating NAFLD.
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Sreenivasa Baba ef al” reported in a pilot trial that mod-
erate intensity in aerobic exercise helped to normalize
ALT levels in 65 NASH patients receiving a moderately
energy-restricted diet. Significant improvement was not
noted in body mass index, serum aminotransferase levels,
and fasting glucose in patients adherent to the prescribed
diet and exercise regimen.

Hickman ez /™ followed 31 patients with NASH over
a period of 3 mo with a combination of dietary modi-
fications (55% carbohydrate, 15% protein, and 30% fat
diets) and moderate exetcise (150 min/wk of aerobic ex-
ercise). Patients achieved a mean weight loss of 4% with
a noted significant serum alanine aminotransferase (ALT)
reduction. Vilar Gomez ¢f o/, in an RCT, assigned 60
patients with liver biopsy-proven NAFLD to hypocaloric
diet plus aerobic exercise daily and three Viusid sachets
daily or a hypocaloric diet and exercise for a period of six
mo. They showed that treatment with diet and exercise
leads to a notable improvement in histological features of
NAFLD.

Cross-sectional studies have shown that higher lev-
els of PA are associated with lower levels of THT™®,
Previous studies have reported a beneficial effect of
aerobic exercise on liver function, independent of weight

[5

. 5,61 .
reduction™"!. In recent years, there has been increased

attention on resistance training as a useful adjunctive
tool of exercise™. Ibafiez et a/*! showed that resistance
training without a concomitant weight loss diet signifi-
cantly improved insulin sensitivity and fasting glycemia
and decreased abdominal fat. The benefit of PA alone
in the absence of any changes in body weight was ex-
amined in NAFLD patients. Hallsworth ez a/*” assigned
19 sedentary adults with NAFLD to 8 wk of resistance
exercise (RE). Eleven were assigned to RE and eight to
normal treatment; they showed a benefit of RE as a lipid-
lowering treatment for NAFLD independent of weight
loss. Lee ef a/* examined the effects of aerobic exercise
versus RE without caloric restriction on abdominal adi-
posity, IHT, and insulin sensitivity. They concluded that
both aerobic and resistance exercise alone are effective
for reducing abdominal fat and IHT in obese adolescent
boys. Recently, one exercise-related interventional study
examined the long-term effects of aerobic and resistance
training on the adipokines and neuropeptides in NAFLD
obese adolescents and found a significant improvement
in NAFLD biomarkers®”.

CONCLUSION

NAFLD is linked strongly to MetS and cardiovascular
diseases'™ and may predict the tendency to develop
diabetes. The most common cause of death in patients
with NAFLD is cardiovascular disease, not chronic liver
disease”. Therefore, to detect and manage NAFLD
eatly is the mainstay in preventing hepatic, extra-hepatic,
and metabolic complications. Nutrition has been demon-
strated to be associated with NAFLD and NASH"**"*.
Currently, no firm recommendations can be formulated
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for treating NAFLD or NASH due to lack of high qual-
ity, large CRT, and strong evidence-based data with he-
patic histopathological evidence. Based on available data,
patients with NAFLD should optimally achieve a 5%-10%
weight reduction (avoid rapid weight loss of more than 1.6
kg/wk). NAFLD patients, whether obese or of normal
weight, should be informed that a healthy diet has ben-
efits beyond weight reduction. They should be advised
to reduce saturated/trans-fat and to increase polyunsatu-
rated fat with special emphasis on omega-3 fatty acids
(1 g/d fish oil), reduce added sugar to its minimum, and
avoid soft drinks containing sugar (including fruit juices
that contain a lot of fructose). For those who are red
meat eaters, less meat and increased fish consumption,
increased fiber intake, and minimizing fast food intake
should be recommended.

Physical activity as aerobic or resistance exercise or
combination should be integrated strongly in NAFLD
management. Nutritional counseling with a multidisci-
plinary team including dietitians, psychologists, and physi-
cal activity supervisors is the preferable method in the
management of NAFLD patients.
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