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Original / Síndrome metabólico-Diabetes

Hypocaloric high-protein diet improves clinical and biochemical markers 
in patients with nonalcoholic fatty liver disease (NAFLD)
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Daniel Ferraz de Campos Mazo1, Fabiola Rabelo1, Denise Vanni1, Monize Aydar Nogueira1, 
Flair José Carrilho1 and Claudia Pinto Marques Souza de Oliveira1

1University of São Paulo School of Medicine. Department of Gastroenterology. Clinical Division. Hepatology Branch (LIM-07).
2University of São Paulo School of Medicine. Department of Gastroenterology. Brazil.

LA DIETA HIPOCALÓRICA RICA EN PROTEÍNAS
MEJORA LOS MARCADORES CLÍNICOS Y

BIOQUÍMICOS EN PACIENTES CON
HEPATOPATÍA GRASA NO ALCOHÓLICA

(HPGNA)

Resumen

Objetivo: Para investigar el papel de la dieta hipocalórica
rica en proteínas, se realizó un estudio clínico prospectivo en
pacientes con HPGNA. 

Métodos de investigación y procedimientos: Se analizaron los
datos antes y después de la intervención en 48 pacientes con
HPGNA estable, sometidos a una dieta hipocalórica y rica en
proteínas durante 75 días. Las variables incluían medidas
antropométricas (índice de masa corporal (IMC) y circunfe-
rencia de la cintura (CC)), análisis de bioimpedancia corporal
completa y segmentaria y pruebas bioquímicas. El cumpli-
miento de la dieta se evaluó mediante entrevistas quincenales. 

Resultados: El IMC, la CC y la masa grasa corporal perma-
necieron relativamente estables (-1,3 %, -1,8 % y -2,5%, res-
pectivamente, sin significación). Las HDL-colesterol aumenta-
ron (P < 0,05) mientras que el colesterol total, las LDL y las
VLDL, los triglicéridos, la aspartato aminotransferasa (AST),
la gamma glutamiltransferasa (GGT), la fosfatasa alcalina
(FA), la glucemia en ayunas y la hemoglobina glucosilada
(HbA1c) disminuyeron (P < 0,05). Cuando se estratificó a los
pacientes en función del aumento (22/48, 45,8 %) o descenso
(21/48, 43,8 %) del IMC, se pudo observar una asociación
entre la pérdida de peso y el beneficio hepático reflejado en la
ALT, la FA y el cociente AST/ALT. No se pudo demostrar nin-
gún cambio en los pacientes que ganaron peso. La evaluación
multivariada confirmó que la circunferencia de la cintura, la
ferritina, el triacilglicerol y los marcadores de la homeostasis
de la glucosa eran los que más relevantemente se asociaban con
las enzimas hepáticas. 

Discusión: Nuestros resultados son consistentes con la
bibliografía relativa a la restricción calórica en el manejo de la
HPGNA. Los cambios en el estilo de vida y la pérdida de peso
se recomiendan en los pacientes con HPGNA. Las guías euro-
peas también apoyan esta recomendación. 

Conclusión: Éste es el primer estudio que demuestra que
una dieta rica en proteínas se asocia con la mejora del perfil
lipídico, la homeostasis de la glucosa y las enzimas hepáticas en
la HPGNA independientemente del descenso del IMC o la
reducción de la masa grasa corporal.

(Nutr Hosp. 2014;29:94-101)

DOI:10.3305/nh.2014.29.1.7068
Palabras clave: HPGNA. Dieta hipocalórica. Dieta hiper-

proteica. Enzimas hepáticas. Pérdida de peso.

Abstract

Objective: To investigate the role of hypocaloric high-
protein diet, a prospective clinical study was conducted in
NAFLD patients. 

Research methods and procedures: Pre-versus post-inter-
ventional data were analyzed in 48 stable NAFLD patients
(submitted to a hypocaloric high-protein diet during 75 days.
Variables included anthropometrics (body mass index/ BMI
and waist circumference/WC), whole-body and segmental
bioimpedance analysis and biochemical tests. Diet compliance
was assessed by interviews every two weeks. 

Results: BMI, WC and body fat mass remained relatively
stable (-1.3%, -1.8% and -2.5% respectively, no significance).
HDL- cholesterol increased (P < 0.05) whereas total, LDL and
VLDL cholesterol, triglycerides, aspartate aminotrans-
ferase/AST, gamma glutamyltransferase/GGT, alkaline phos-
phatase/AP, fasting blood glucose and glycated hemoglobin/
HbA1c decreased (P < 0.05). When patients were stratified
according to increase (22/48, 45.8%) and decrease (21/48,
43.8%) of BMI, association between weight decrease and liver
benefit could be elicited in such circumstances for ALT, AP and
AST/ALT ratio. No change could be demonstrated in patients
who gained weight. Multivariate assessment confirmed that
waist circumference, ferritin, triacylglycerol, and markers of
glucose homeostasis were the most relevant associated with
liver enzymes. 

Discussion: Ours results are consistent with the literature of
calorie restriction in the management of NAFLD. Changes in
lifestyle and weight loss are recommended for NAFLD patients.
European guidelines also support this recommendation.

Conclusion: This is the first study that demonstrated that a
high protein, hypocaloric diet were associated with improvement
of lipid profile, glucose homeostasis and liver enzymes in NAFLD
independent on BMI decrease or body fat mass reduction. 

(Nutr Hosp. 2014;29:94-101)

DOI:10.3305/nh.2014.29.1.7068
Key words: NAFLD. Hypocaloric diet. Hyperproteic diet.

Liver enzymes. Weight loss.
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Abbreviations

ALT: Alanine aminotransferase.
AP: Alkaline phosphatase.
AST: Aspartate aminotransferase.
BFM: Body fat mass.
BMI: Body mass index.
ECW: Extracellular water.
GGT: Gamma glutamyltransferase.
HbA1c: Glycated hemoglobin A1c.
HCC: Hepatocellular carcinoma.
HDL-C: High-density lipoprotein cholesterol.
HOMA-IR: Homeostasis model assessment - insulin

resistance.
LBLL: Segmental left leg lean body mass.
LBRL: Segmental right leg lean body mass.
LBT: Segmental trunk lean body mass.
LDL-C: Low-density lipoprotein cholesterol.
NAFLD: Nonalcoholic fatty liver disease.
NASH: Non-alcoholic steatohepatitis.
TG: Triacylglycerol.
TSH: Thyroid-stimulating hormone.
VLDL: Very low-density lipoprotein cholesterol.
WC: Waist circumference.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a
spectrum of liver diseases associated with the accumu-
lation of fat in the liver that affects individuals without
history of alcohol abuse.1 This clinical and pathologic
condition could evolve from simple deposits of fat
(steatosis) to non-alcoholic steatohepatitis (NASH),
possibly followed by cirrhosis and hepatocellular
carcinoma (HCC).1,2 NAFLD is currently the most
prevalent liver disease, especially in western
countries.3 Most patients are obese and diabetic4 and up
to 88% may be affected in some circumstances as nutri-
tional factors, use of certain drugs, metabolic causes,
infections and exposure to toxins.5

Excessive intake of carbohydrate and fat including
soft drinks, fatty diets and cholesterol-rich nutrients
has been shown to be responsible both for develop-
ment of metabolic syndrome6 and accumulation of
excess fatty acids in the liver,7 thus representing
important predictors of NAFLD.8 The consumption
of sucrose-sweetened beverages has been shown to
be responsible for increased accumulation of visceral
fat. Maersk et al. analyzed for 6 months the consump-
tion of such beverages in comparison with skim milk,
diet cola and water, confirming that those drinks
increased the risk of cardiovascular and metabolic
diseases.9

There is no consensus on the characteristics of a
good nutritional strategy for NAFLD,10 despite the
emphasis on lifestyle change, which in principle means
weight loss in combination with exercise and diet. This
approach tends to improve liver enzymes and improves

insulin resistance.11 In a recent experience, an 8%
reduction in body weight was followed by significant
benefit for aminotransferases and lipid deposits liver.12

Studies addressing specific macronutrients showed
conflicting results, some groups emphasizing that
certain micronutrients as well could be relevant for the
development of NAFLD.13,14

Limited evidence suggests that a high protein diet
could be effective for the treatment of NAFLD because
of increase in energy expenditure and hepatic lipid
oxidation, as liver catabolism of ingested amino acids
is an energy –intense process.15 There are few studies
showing the relationship between protein intake and
NAFLD.16 In obese and sedentary women, short-term
protein supplementation was advantageous for hepatic
steatosis and lipid profile.17 Soy protein has also been
successfully employed in this context, however the
functional properties of soybeans were the focus, not
the nitrogen intake.13

In the current study, short term prescription of a
hypocaloric, high protein diet to a NAFLD population
was conducted. It was hypothesized that even in the
absence of significant weight loss, favorable clinical
results would occur as a consequence of the more
robust nitrogen input. 

Patients and methods

Study design and subjects 

This was a prospective clinical study with one
population, one intervention (dietary protocol), and
two scheduled observation periods (baseline and end
of the study). End point was significant reduction of
liver enzymes, notably AST, ALT and AST/ALT
ratio. Seventy three patients accompanied for at least
one year at the Hepatology Outpatient Unit were
recruited. Criteria of inclusion were overweight and
obese males and females with biopsy-proven NAFLD,
with or without comorbidities, and written informed
consent. Criteria of exclusion were other liver abnor-
malities such as alcoholic liver disease, viral hepatitis
(B, C, D), primary biliary cirrhosis, sclerosing
cholangitis, hemochromatosis, Wilson’s disease,
alpha1-antitrypsin deficiency and drug induced liver
disease, consumptive diseases (cancer, tuberculosis,
HIV/ AIDS), bariatric surgery, use of pharmacologic
agents for obesity or NAFLD, participation in any
other trial in the last 6 months, and refusal to partici-
pate in the study.

The investigation was approved by the Institutional
Ethical Committee. Preliminary screening included
hepatobiliary ultrasonography, viral serology, autoanti-
body titers, serum iron, ferritin and transferrin saturation,
ceruloplasmin, copper levels and alpha 1-antitrypsin.
Identification of metabolic syndrome components
followed the recommendations of the Adult Treatment
Panel III Report, namely fasting glucose ≥ 110 mg/dL,
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triglycerides ≥ 150 mg/dL, high density lipoprotein
(HDL) < 40 mg/dL in men or < 50 mg/dL in women;
and ≥130 mmHg systolic or ≥ 85 mmHg diastolic pres-
sure, as well as abdominal obesity, identified as waist
circumference > 102 cm in men and > 88 cm in women.
Other comorbidities were characterized according to
hospital files or current treatment.

Randomization and stratification

No randomization was adopted in this single -group
protocol. In order to further explore the associations
between enzymatic changes and BMI, patients were
stratified according to BMI in weight-stable (< 0.2%
change), weight gaining and weight losing subjects.

Dietary methods 

A standard 24 h food recall complemented by a food
frequency questionnaire was performed by an experi-
enced dietitian, adjusted for Brazilian foods and
portions and for weekend changes, at baseline and
study completion. Macronutrients (total energy, protein,
carbohydrates, and lipids including saturated, monoun-
saturated and polyunsaturated fatty acids as well as
cholesterol), plus dietary fibers, were calculated with
the Avanutri 4.0 software (Avanutri, Rio de Janeiro,
Brazil).

Diet composition 

Prescribed diet consisted of 1.200 kcal/day for
females and 1.400 kcal/day for males during 75 days,
corresponding to an energy deficit of approximately
500 kcal from usual food consumption. Fat represented
25% of the total caloric value, with saturated fat 7%
(28% of fat), monounsaturated 10% (40% of fat), and
polyunsaturated 8% (32% of fat). The proportion of
protein (mixed animal and vegetable) was 35%, and
carbohydrates made up the remainder (40% of total
calories, 50% whole grains, 25 grams of sugar), with
20g fiber/day. The diet was adapted from current high-
protein prescriptions, which have been demonstrated
as safe and well tolerated for up to one year.19,20

Compliance was monitored by means of individual
consultations with an experienced dietitian, every two
weeks, checking menu plans, portion sizes, leftover
items and unprescribed meals, drinks or snacks.
Subjects suspected of poor adherence or giving
conflicting answers were excluded from the protocol.

Anthropometrics and body composition 

Anthropometric variables represented by weight,
height, body mass index/BMI were determined by

stadiometer (Biospace model BSM370, GangnamGu,
Seoul, Korea) and waist circumference/WC was deter-
mined between the iliac crest and the lower costal
margin using inelastic plastic tape 0.7 cm wide.21 Body
water (total, intracellular water/ICW, extracellular/
ECW), body fat mass/BFM, segmental trunk lean body
mass/LBT, segmental right leg lean body mass/LBRL,
and segmental left leg lean body mass/LBLL, were
measured by bioimpedance analysis (Biospace-model
InBody 720®, GangnamGu, Seoul, Korea).

Laboratory assays

Total cholesterol, high-density lipoprotein choles-
terol/HDL, low-density lipoprotein cholesterol/LDL,
very low-density liprotein cholesterol/VLDL, triacyl-
glycerol/TG), alanine aminotransferase/ALT, aspar-
tate aminotransferase/AST, gamma glutamyltrans-
ferase/GGT, fasting blood glucose, Glycated hemoglobin
A1c/HbA1c, alkaline phosphatase/AP, total bilirubin,
total protein, prothrombin time, ferritin, iron, blood
urea, creatinine, sodium, potassium, thyroid stimu-
lating hormone/TSH a and insulin were measured by
automated methods in a certified academic laboratory.
The homeostasis model assessment-insulin resistance
index/ HOMA-IR was calculated as well, according to
the equation HOMA-IR = (Fasting Plasma Insulin ×
Fasting Plasma Glucose)/22.5.22

Sample size calculation and statistical analysis

It was anticipated an effect size of 30% derived from
the increase of daily protein intake, aiming for a statis-
tical power of 80% with an alpha error of 0.05. For a
net increase of 30% in dietary protein after the inter-
vention, the minimum sample size was 45. Values are
expressed as mean ± standard deviation (SD).
Student’s t test and Wilcoxon test were used according
to normality assessment (Kolmogorov-Smirnov).
Univariate and multivariate (multiple logistic) regres-
sion analysis were selected to address enzymatic
changes according to clinical and biochemical patterns.
As a large set of variables was compared in this investi-
gation, the Benjamini and Hochberg correction was
employed to control for spurious findings. Statistical
Analysis Systems, version 9.1.3 (SAS Institute, Cary,
NC) was used, and a P-value of less than 0.05 indicated
a significant difference.

Results

Clinical findings

Forty eight patients (65.8%, 48/73) completed the
study period and will be here analyzed. Age was 58.8 ±
10.9 years, 85.4% were females and BMI was 31.8 ±
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4.7 kg/m2. Type 2 diabetes mellitus was present in
52.8%, 79.2% exhibited dyslipidemia and 66.7%
suffered from arterial hypertension. Tolerance of the
diet was adequate, no patient being excluded on
account of diarrhea, constipation, abdominal disten-
tion, or dehydration. Excluded patients exhibited
minor clinical differences without significance (age
54.8 ± 11.0 years, P = 0.115, 68.0% females, P = 0.203,
BMI 31.3 ± 5.8 kg/m2, P = 0.472). Reasons for discon-
tinuation were carbohydrate (sweet) addiction with
suspected breach of the diet (12.3%, 9/73), and failure
to attend scheduled consultations (21.9%, 16/73).

Anthropometric measurements and 
body composition

Anthropometric variables and body composition
findings can be appreciated in table I. No significant
changes were detected, even though a tendency (P =
0.08) toward reduction of waist circumference
measurements could be perceived.

Biochemical analysis-gross findings

Serum markers of metabolic syndrome and liver
steatosis underwent robust positive changes after
seventy five days of the nutrition intervention. Signifi-
cant improvement was confirmed for all lipid fractions,
and all liver enzymes except for AST, which neverthe-
less displayed a tendency (P = 0.060).

Two glucose indexes improved as well, namely
fasting blood glucose and HbA1c. No difference was
registered for HOMA-IR, insulin, creatinine, ferritin,
iron, total bilirubin, urea, total protein, potassium,
sodium, prothombin time and thyroid-stimulating
hormone (table II).

Biochemical analysis-stratified population

Population was rather evenly divided between those
with positive gain (22/48, 45.8%) and those who lost
weight during the observation period (21/48, 43.8%).
Few patients remained with stable BMI (< 0.2%
change, 5/48, 10.4%) and no statistical confirmation
was detected for any outcome. In this sense, such
patients are not depicted here. Weight fluctuations
were mild in all circumstances and did not reach statis-
tical significance for weight gaining or losing cohorts
either, namely 32.2 ± 4.3 vs. 33.0 ± 4.1 kg/m2, P =
0.518 and 31.3 ± 5.2 vs. 29.7 ± 5.3 kg/m2, P = 0.310
(tables III and IV).

As pointed out in table IV, association between
weight decrease and liver benefit could be elicited in
such circumstances for ALT, AP and AST/ALT ratio.
No change could be demonstrated in patients who
gained weight.

Hypocaloric high-protein diet in NAFLD 97Nutr Hosp. 2014;29(1):94-101

Table I
Anthropometric and body composition variables

(all patients)

Variable Baseline Final Significance

BMI (kg/m2) 31.81 ± 4.7 31.4 ± 4.9 0.128

WC (cm) 101.9 ± 10.5 100.0 ± 11.0 0.080

BFM (kg) 31.6 ± 8.6 30.8 ± 8.6 0.105

ICW (L) 20.0 ± 3.2 19.9 ± 3.3 0.216

ECW (L) 12.3 ±1.8 12.3 ± 1.8 0.293

LBT (kg) 20.7 ± 3.3 20.7 ± 3.3 0.489

LBRL (kg) 6.4 ± 1.2 6.3 ± 1.2 0.268

LBLL (kg) 6.2 ±1.1 6.2 ± 1.1 0.516

BMI: Body mass index; WC: Waist circumference; ICW: Intracellular water;

ECW: Extracellular water; BFM: Body fat mass; LBT: Segmental trunk lean

body mass; LBRL: Segmental right leg lean body mass; LBLL: Segmental left

leg lean body mass.

Values are expressed as mean ± SD. P ≤ 0.05 (Wilcoxon’s test).

Variable Baseline Final Significance.

Table II
Biochemical tests (all patients)

Variable Baseline Final Significance

HOMA-IR 2.1 ± 1.4 1.9 ± 1.1 0.137*

Cholesterol mg/dL 207.7 ± 49.7 197.0 ± 45.8 0.010*

HDL-C (mg/dL) 53.6 ± 13.1 56.0 ± 12.2 0.042*

LDL-C (mg/dL) 123.3 ± 46.6 114.5 ± 41.8 0.026*

VLDL (mg/dL) 29.8 ± 11.8 25.79 ± 12.1 0.001*

TG (mg/dL) 157.5 ± 68.9 134.1 ± 78.0 0.001*

ALT (IU/L) 48.2 ± 31.8 39.6 ± 28.4 0.045*

AST (IU/L) 37.7 ± 18.8 33.1 ± 16.4 0.060*

AST/ALT ratio 1.25 ± 0.52 1.15 ± 0.44 0.048*

Insulin (μU/mL) 15.9 ± 10.6 14.1 ± 8.6 0.065*

GGT (IU/L) 73.5 ± 69.9 57.7 ± 55.3 0.006*

Fasting blood
108.3 ± 33.9 98.0 ± 18.6 0.022*

glucose (mg/dL) 

HbA1c (%) 6.4 ± 2.2 6.0 ± 1.6 0.001*

AP (U/L) 91.9 ± 33.6 86.2 ± 34.6 0.003*

Creatinine (mg/dL) 0.8 ± 0.1 0.8 ± 0.2 0.264*

Ferritin (ng/dL) 231.9 ± 146.3 202.3 ± 141.2 0.416*

Iron (μg/dL) 93.8 ± 28.1 98.8 ± 37.7 0.515*

Total Bilirubin (mg/dL) 0.6 ± 0.5 0.6 ± 0.4 0.479*

Blood urea (mg/dL) 35.3 ± 8.8 36.3 ± 9.7 0.769*

Total Protein (g/dL) 7.6 ± 0.4 7.7 ± 0.5 0.900*

Potassium (mEq/L) 4.4 ± 0.3 4.4 ± 0.4 0.347*

Sodium (mEq/L) 142.2 ± 2.5 142.0 ± 1.8 0.125*

Prothrombin Time (sec) 13.3 ± 1.5 13.3 ± 1.3 0.566*

TSH (μU/mL) 2.3 ± 1.5 2.8 ± 2.6 0.719*

HOMA-IR: Homeostasis model assessment-insulin resistance index; HDL: High den-

sity lipoprotein cholesterol; LDL: Low density lipoprotein cholesterol; VLDL: Very low

density lipoprotein cholesterol; TG: Triacylglycerol; ALT: Alanine aminotransferase;

AST: Aspartate aminotransferase; GGT: Gama glutamyltransferase; HbA1c: Glicated

hemoglobin A1c; AP: Alkaline phosphatase; TSH: Thyroid stimulating hormone.

Values are expressed as mean ± SD. P ≤ 0.05 (Wilcoxon’s test).

*Significant difference.
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Univariate and multivariate regression analysis

Several nutritional and biochemical variables corre-
lated with liver improvement (table V). Multivariate
assessment confirmed that waist circumference,
ferritin, triacylglycerol, and markers of glucose home-
ostasis were the most relevant associated with liver
enzymes.

Discussion

The present study demonstrated that a high protein,
low calorie diet was associated with improvement of
lipid profile, glucose homeostasis and liver enzymes.
These findings are consistent with the well established
principle of calorie restriction in the management of
metabolic syndrome components and liver histology.10,23

Recent guidelines endorsed by the American Associa-
tion for the Study of Liver Diseases, American College of

Gastroenterology and American Gastroenterological
Association recommend lifestyle intervention for weight
reduction for adults and children with NASH.24 European
guidelines also support this recommendation.25 Such
agreement notwithstanding, our results move one step
farther, in the sense that even in the absence of significant
weight loss, the high protein diet already displayed
advantages. A recent systematic reviews conclude that
weight loss is important in order to reduce hepatic
damage. It is highlighted that in such circumstances, liver
fat may diminish by 10-80% and aminotransferases by
21-60%. Reduction of as little as 3-5% of body weight
attenuates hepatic steatosis, but when the targets are
inflammation and progression of NASH, as much as 10%
weight loss may be needed.26

Also in the Swedish Obesity Study, the largest and
longest cohort study of bariatric surgery in the world,
weight loss was strongly associated with an advanta-
geous hepatic profile. Serum ALT and AST diminished

98 Sebastião Mauro Becerra Duarte et al.Nutr Hosp. 2014;29(1):94-101

Table III
Biochemical changes in weight gaining patients

Variable Baseline Final Significance

HOMA- IR 2.2 ± 1.5 2.2 ± 1.4 0.944

Cholesterol mg/dL 208.8 ± 16.2 201.9 ± 43.4 0.423

HDL (mg/dL) 55.7 ± 10.5 56.0 ± 10.8 0.897

LDL (mg/dL) 120.3 ± 33.0 113.9 ± 38.7 0.439

VLDL (mg/dL) 30.6 ± 13.5 30.4 ± 14.9 0.902

TG (mg/dL) 153.0 ± 68.7 154.1 ± 69.3 0.902

AST (IU/L) 31.8 ± 4.7 40.0 ± 20.3 0.676

ALT (IU/L) 35.2 ± 14.1 35.0 ± 12.6 0.955

AST/ALT ratio 1,09 ± 0.25 1,10 ± 0.23 0.820

Insulin (μU/mL) 17.2 ± 11.7 16.8 ± 10.6 0.660

GGT (IU/L) 75.4 ± 84.8 55.1 ± 52.7 0.370

Fasting blood
98.6 ± 13.8 102.3 ± 19.4 0.414

glucose (mg/dL) 

HbA1c (%) 5.9 ± 0.5 5.8 ± 0.5 0.186

AP (U/L) 92.2 ± 30.1 88.9 ± 29.1 0.284

Creatinine (mg/dL) 0.8 ± 0.2 0.9 ± 0.2 0.171

Ferritin (ng/dL) 126.7 ± 96.0 186.2 ± 96.9 0.177

Iron (μg/dL) 82.9 ± 19.4 94.4 ± 40.2 0.575

Total Bilirubin (mg/dL) 0.4 ± 0.2 0.4 ± 0.3 0.681

Blood urea (mg/dL) 36.0 ± 10.4 33.5 ± 7.3 0.429

Total Protein (g/dL) 7.7 ± 0.6 7.9 ± 0.6 0.447

Potassium (mEq/L) 4.4 ± 0.3 4.4 ± 0.4 0.347

Sodium (mEq/L) 142.9 ± 2.5 142.8 ± 2.0 0.799

Prothrombin Time (sec) 13.1 ± 0.9 13.2 ± 1.1 0.651

TSH (μU/mL) 2.3 ± 1.2 2.6 ± 1.6 0.382

HOMA-IR: Homeostasis model assessment-insulin resistance index; HDL: High den-

sity lipoprotein cholesterol; LDL: Low density lipoprotein cholesterol; VLDL: Very low

density lipoprotein cholesterol; TG: Triacylglycerol; ALT: Alanine aminotransferase;

AST: Aspartate aminotransferase; GGT: Gama glutamyltransferase; HbA1c: Glicated

hemoglobin A1c; AP: Alkaline phosphatase; TSH: Thyroid stimulating hormone.

Values are expressed as mean ± SD. P ≤ 0.05 (Wilcoxon’s test).

Table IV
Biochemical changes in weight losing patients

Variable Baseline Final Significance

HOMA- IR 1.9 ± 1.3 1.5 ± 0.6 0.181*

Cholesterol mg/dL 206.5 ± 52.9 195.9 ± 43.2 0.141*

HDL (mg/dL) 53.2 ± 14.3 57.4 ± 12.8 0.013*

LDL (mg/dL) 124.5 ± 50.2 115.6 ± 41.3 0.204*

VLDL (mg/dL) 28.3 ± 10.2 22.8 ± 8.8 0.001*

TG (mg/dL) 156.1 ± 70.3 114.3 ± 43.6 0.001*

AST (IU/L) 54.2 ± 34.6 38.5 ± 37.3 0.146*

ALT (IU/L) 38.9 ± 15.3 29.2 ± 14.5 0.041*

AST/ALT ratio 1,35 ± 0.61 1.18 ± 0.53 0.017*

Insulin (μU/mL) 14.1 ± 9.5 11.7 ± 4.7 0.160*

GGT (IU/L) 69.3 ± 59.4 54.4 ± 57 0.410*

Fasting blood
108.2 ± 31.3 96.3 ± 18.6 0.049*

glucose (mg/dL) 

HbA1c (%) 5.9 ± 0.8 5.7 ± 0.8 0.018*

AP (U/L) 91.9 ± 34.5 83.4 ± 37.4 0.023*

Creatinine (mg/dL) 0.8 ± 0.1 0.8 ± 0.2 0.187*

Ferritin (ng/dL) 301.2 ± 145.1 222.9 ± 169.4 0.565*

Iron (μg/dL) 108.8 ± 28.5 101.1 ± 37.3 0.926*

Total Bilirubin (mg/dL) 0.7 ± 0.6 0.6 ± 0.5 0.665*

Blood urea (mg/dL) 35.1 ± 8.4 38.3 ± 10.7 0.107*

Total Protein (g/dL) 7.5 ± 0.4 7.5 ± 0.4 0.887*

Potassium (mEq/L) 4.3 ± 0.3 4.5 ± 0.5 0.366*

Sodium (mEq/L) 142.2 ± 2.4 141.3 ± 1.4 0.096*

Prothrombin Time (sec) 12.9 ± 2.7 13.3 ± 1.3 0.615*

TSH (μU/mL) 2.2 ± 1.6 2.4 ± 3.0 0.392*

HOMA-IR: Homeostasis model assessment-insulin resistance index; HDL: High den-

sity lipoprotein cholesterol; LDL: Low density lipoprotein cholesterol; VLDL: Very low

density lipoprotein cholesterol; TG: Triacylglycerol; ALT: Alanine aminotransferase;

AST: Aspartate aminotransferase; GGT: Gama glutamyltransferase; HbA1c: Glicated

hemoglobin A1c; AP: Alkaline phosphatase; TSH: Thyroid stimulating hormone.

Values are expressed as mean ± SD. P ≤ 0.05 (Wilcoxon’s test).

*Significant difference.
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at 2- and 10- year follow up, and the reduction in ALT
levels was proportional to the degree of weight loss.27

Degree of weight loss has been emphasized by many as
critical, and results in the current protocol were some-
what disappointing, given the prescribed 500 kcal
restriction (-1.3% decrease of BMI after 75 days). This
outcome is nevertheless consistent with the fact that
dieting patients often fail to reach targeted intakes.28 One
interesting finding is that HDL cholesterol, a negative
marker of carbohydrate intake, significantly increased in
the weight losing population however not in those
gaining weight. There are reasons to believe that compli-
ance with carbohydrate restriction therefore occurred
and was relevant for weight loss.28 One should recognize
that nearly all lifestyle studies in fatty liver disease report
major weight decrease, rendering comparison with the

current protocol difficult. Nevertheless, even during use
of sever calorie restriction, patients who fail to respond
or even gain weight may be observed. 

A representative investigation with several thera-
peutic arms was conducted by St George et al.29 Diet was
not defined, except regarding avoidance of saturated fats
and processed food, and increase in omega 3 and fiber
sources. Energy reduction target was similar to ours
(400-570 kcal/day). In contrast all groups exercised
more than 200 minutes/week. The group with the most
intensive follow-up exhibited a 1.0 kg/m2 mean reduc-
tion in BMI, whereas those undergoing low-intensity
management lost 0.7 kg/m2. Such values are consistent
with the mean 0.4 kg/m2 change in the current study,
given the fact that exercise was not here adopted.29

There are few reports comparing different diets for
NASH treatment. In the largest randomized trial, with
170 overweight adults, 6 months of a low fat or low
carbohydrate diet produced equivalent reductions in
intrahepatic fat, ALT, visceral adiposity, total weight
and insulin sensitivity.30 A 3-month study similarly
found that low carbohydrate and low fat diets reduced
ALT to a similar degree.31 Soy protein has been advo-
cated as ideal for NAFLD patients on the basis of
animal investigations, nevertheless clinical experience
is scant 13 in most of these protocols weight loss tends
to be prominent.

A recent study showed that whey protein supplemen-
tation (60 g/day) during 30 days, without energy restric-
tion, decreased intrahepatic lipids. BMI remained stable
however body fat mass diminished. Additional metabolic
advantages were identified for plasma lipids, however
not for glucose homeostasis markers.17

Two somewhat different short term protocols with
stable body weight also improved hepatic fat content.
Protein intake was not changed however a low
glycemic index, low fat and low saturated fat prescrip-
tion was adopted in one center, a monounsaturated-
enriched regimen in the other. Again liver enzymes
were not part of the protocol.32

In the elegant protocol of de Luis et al.33 142 nondia-
betic obese subjects were managed by a normal-
protein, low calorie diet during three months. Specifi-
cally in the subpopulation exhibiting NAFLD, both
BMI and liver enzymes (ALT and AST) significantly
decreased, along with improvements in glucose home-
ostasis. The current investigation is in general agree-
ment with such outcome. Remarkable differences are
of course the lack of significant weight loss in our
experience, and the adopted diet. In the mentioned
series, the proportion at baseline and after 3 months of
carbohydrates, lipids and protein was approximately
40.7%-38.0%-20.5% and 39.6%-38.7%-21.5%. Current
carbohydrates were similar however protein was
substantially elevated, with corresponding lipid reduc-
tion, probably offsetting the lack of weight loss with
regard to NAFLD alleviation.33

This is the first study with conventional dietary
protein and moderate energy restriction to indicate that
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Table V
Correlations of liver enzymes (all patients)

Enzyme Variable “r” index Significance

Alanine Body mass index 0.335 0.017*
aminotransferase Waist circumference 0.363 0.010*

Intra cellular water 0.374 0.009*

Ferritin 0.374 0.009*
Fasting blood glucose 0.331 0.018*

HDL cholesterol 0.448 0.001*

TG (mg/dL) 0.461 < 0.001*

Aspartate Body mass index 0.408 0.006*
aminotransferase Waist circumference 0.425 0.005*

Intracellular water 0.341 0.009*

HbA1c 0.347 0.013*
HDL cholesterol 0.501 < 0.001*

VLDL cholesterol 0.375 0.009*

TG (mg/dL) 0.387 0.008*

Alkaline phosphatase HbA1c 0.347 0.013*
Fasting blood glucose 0.281 0.049*

HOMA index 0.277 0.048*

VLDL cholesterol 0.278 0.048*

Gamma glutamyl Intracellular water 0.320 0.032*
transferase Ferritin 0.483 < 0.001*

Iron 0.328 0.031*

Fasting blood glucose 0.725 < 0.001*
Insulin 0.367 0.009*

HOMA index 0.446 < 0.001*

Total cholesterol 0.374 0.009*

LDL cholesterol 0.326 0.031*

VLDL cholesterol 0.363 0.009*

TG (mg/dL) 0.380 0.008*

HOMA-IR: Homeostasis model assessment-insulin resistance index; HDL: High den-

sity lipoprotein cholesterol; LDL: Low density lipoprotein cholesterol; VLDL: Very low

density lipoprotein cholesterol; TG: Triacylglycerol; HbA1c: Glicated hemoglobin A1c;

*Significant difference.

Obs.: Values in bold were confirmed by multivariate analysis.
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amelioration of enzymatic profile in NAFLD is not
dependent on BMI decrease or body fat mass reduc-
tion. One should emphasize that calorie restriction was
moderate and did not aim ketogenesis, as experimen-
tally ketogenic protocols tend to stimulate develop-
ment or recurrence of NAFLD as well as systemic
glucose intolerance in mice.34

In the current study, we observed lower levels of
enzymes and serum lipids after the nutritional interven-
tion. Stratification according to weight changes
revealed influence of minor fluctuations of BMI on
changes of ALT, AP and AST/ALT ratio, however not
of AST and GGT.

One confounding variable was simultaneous
decrease in carbohydrate intake. Although moderate
(40% of total calories) and well controlled during
frequent follow-up consultations, it might have inter-
fered with clinical outcome. Unfortunately available
protocols use marked carbohydrate restriction, along
with high fat followed by substantial weight loss, there-
fore precluding direct comparison. One study with
moderate carbohydrate decrease (40-45%), however
still relatively rich in fat (35-40%) and low in protein
(15-20%), recruiting NASH patients, confirmed
improved liver histology after one year.35

The absence of a control group was a limitation in our
protocol and the small sample due the number of
dropouts occurred during the 75 days of the experience
despite the relatively moderate regimen. Indeed obese
patients have diminished mobility and are relatively
resistant to prolonged diets. Even with frequent text
messaging adherence of just 60-69% has been achieved
in other experiences, in the same range as here
observed.36 A recent German article underscores as many
as 18 reasons why even sensible and well-monitored
diets fail.37 This was not a randomized trial, and liver
histology was not assessed. The major strength of our
proposal is the simple nature of the diet, which does not
require expensive ingredients or hard to come by supple-
ments, thus it can be prescribed in any environment. 

In conclusion, this is the first study demonstrating
the value of moderate calorie restriction, non ketogenic
and not weight-loss inducing, coupled with substan-
tially increased conventional protein, in the manage-
ment of NAFLD. Benefit for liver enzymes, fasting
glucose and lipid profile could be demonstrated.
Randomized trials with long-term follow-up, including
intrahepatic lipids and liver histology, should provide
more insight on pathophysiologic mechanisms as well
as prognostic implications of such approach, particu-
larly for weight-loss resistant patients.
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