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Abstract

Background: The present study aimed to investigate the relationship between

adiponectinaemia and food intake among obese women with nonalcoholic

fatty liver disease (NAFLD).

Methods: In total, 60 obese women were examined by abdominal ultrasound

for liver steatosis and subcutaneous and visceral adiposity. A standard inter-

view (including questions about alcohol intake, medical history and physical

activity), a physical examination (including height, weight, body mass index,

waist and hip circumferences, waist-to-hip ratio, and body composition) and

biochemical and clinical parameters (including serum glucose and insulin,

homeostatic model assessment insulin resistance, lipid profile, aminotransfe-

rases, C-reactive protein, adiponectin, leptin, resistin, tumour necrosis fac-

tor-a, interleukin-6 levels and blood pressure) were performed. Food intake

was evaluated by a qualitative food frequency questionnaire.

Results: Twenty-four NAFLD patients and thirty-six controls were analysed.

The Mann–Whitney test showed lower adiponectin levels in the liver disease

group compared to controls (P < 0.05). The Pearson correlation coefficient

indicated that adiponectinaemia was negatively correlated with lipid profile

and serum tumour necrosis factor-a (P = 0.05) and was positively associ-

ated with adiposity measures and serum leptin (P < 0.05). By simple linear

regression, all of these variables predicted serum adiponectin levels. Chi-

squared and Fisher’s exact tests indicated that, in both groups, food intake

showed no differences, although sucrose and fatty foods were associated

with lower adiponectin levels in the liver disease group (P < 0.05 and

P < 0.05, respectively), as well as in the control group (P = 0.05 and

P < 0.05, respectively).

Conclusions: Hypoadiponectinaemia in NAFLD was associated with dietary

sucrose and fatty food intake, emphasising the important role of diet in the

occurrence of this disease.

Introduction

The prevalence of nonalcoholic fatty liver disease

(NAFLD) is increasing in parallel with increasing obesity,

with both processes being closely linked to insulin resis-

tance (Hossain et al., 2007). Its prevalence rate, however,

varies according to the study population and the exami-

nation method used to establish the diagnosis (Vernon
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et al., 2011). In Brazil, the prevalence of NAFLD in

asymptomatic adolescents was 2.3% (Rocha et al., 2009)

and, in adults, this disease was generally asymptomatic,

more common in men aged 50 � 13 years, with dyslip-

idaemia and obesity as main risk factors (Cotrim et al.,

2011).

The pathophysiology of NAFLD is complex, and stud-

ies suggest that environmental factors such as diet

(Cotrim et al., 1999) may be important in its aetiology.

A recent study suggested that the composition of the diet

exerts an important role in the genesis of NAFLD. An

excessive saturated fatty acid intake was shown to a deter-

minant risk factor for increasing the development of

NAFLD (de Piano et al., 2010a). Dietary macronutrient

composition also appears to exert an effect on serum

adiponectin levels (Krebs et al., 2006). The composition

of the diet may directly influence the production of

adipokines in adipocytes (Flachs et al., 2006).

Adiponectin is an adipocyte-derived protein known to

modulate the effects of insulin (Berg et al., 2001). Low

adiponectin levels are associated with various components

of the metabolic syndrome, including visceral adiposity,

hyperlipidaemia, insulin resistance (IR), type 2 diabetes

(Havel, 2004) and NAFLD (Berg et al., 2001; Pagano

et al., 2005). Furthermore, in patients with NAFLD, a

negative correlation was shown between adiponectinaemia

and neuropeptide Y (NPY)/agout-related protein (AgRP)

concentrations, suggesting that these patients present an

inflammatory profile that influence the neuroendocrine

energy balance, stimulating orexigenic neuropeptides (de

Piano et al., 2010b). However, studies associating serum

adiponectin and diet composition in the context of

NAFLD are not available in the literature.

Given the increasing prevalence of NAFLD, the scarcity

of studies addressing the association of dietary habits,

and the evidence from human studies (M�endez-S�anchez

et al., 2005) showing that high concentrations of adipo-

nectin are associated with protective effects against liver

steatosis, the present study aimed to investigate the

hypothesis that there is a relationship between food

intake and serum levels adiponectin in obese women with

NAFLD.

Materials and methods

Study design

A descriptive cross-sectional study was developed in the

nutrition outpatient clinic of Julio Muller University

Hospital from Mato Grosso Federal University at

Cuiab�a, Mato Grosso State, Brazil. The study was carried

out in accordance with the principles of the Declaration

of Helsinki and was formally approved by the Institu-

tional Ethical Committee (CEP/UFMT/346/07). Informed

consent, as well as assent, was obtained from each

patient.

The study included sixty obese women aged 20–
50 years. Body mass index (BMI) � 30 kg m–2 was used

as the initial criteria to identify the presence of obesity

according to World Health Organization (WHO) classifi-

cation standards (WHO, 1998). Exclusion criteria

included a history of excessive alcohol intake (defined as

the mean daily consumption of pure ethanol >20 g for at

least a 6-month period before the study), the use of drugs

known to be associated with secondary NAFLD and other

causes of chronic hepatic disease, such as viral or autoim-

mune hepatitis, a1-antitrypsin deficiency, Wilson disease

and haemochromatosis (Savvidou et al., 2009).

Study measurements

Participant evaluation included an interview, anthropo-

metric measurements, body composition, biochemical

and clinical assessments, ultrasound (US) examination

and serum adipokine levels.

Interview

A face-to-face interview was carried out in all cases by the

same interviewer. The first part of the questionnaire

included demographic data, health status, medication use,

physical exercise, current alcohol intake and smoking sta-

tus. The second part was a detailed qualitative food fre-

quency questionnaire (FFQ). The FFQ included 13 food

groups: dairy products, meat, eggs, vegetables [three

groups: A (lettuce, watercress, endive, broccoli, onions,

cabbage, cauliflower, gherkins, cucumbers, tomato); B

(squash, zucchini, eggplant, beets, carrots, chayote, green

pepper, okra, green beans); and C (potato, sweet potato,

cassava)], fruits, grains, sweets, chocolate, soft drinks,

sugar and fried foods. For each food group, participants

indicated their average frequency of consumption (daily,

once a week, twice a week, three or more times per week,

occasionally or never). ‘Frequent’ intake of food was

defined as daily, once a week, twice a week or three or

more times per week. ‘Infrequent’ intake of food was

defined as occasionally or never.

Anthropometric measurements and body composition

Body weight was measured in light clothing and without

shoes to the nearest half-kilogram. Height was measured

to the nearest half-centimeter. BMI was calculated as

weight (kg) divided by height (m2) squared. Subjects with

BMI � 30 kg m–² were considered obese. Waist circum-

ference was measured to the nearest half-centimeter at

the narrowest point below the lower rib margin and the
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iliac crest; hip circumference was measured at the widest

point between the hips and buttocks. Body fat distribu-

tion was evaluated by the waist-to-hip ratio (WHR)

according to WHO guidelines (WHO, 1998).

Body fat percentage was analysed using a body compo-

sition monitor (Ironman InnerScan Model: BC-558;

Tanita Corporation, Arlington Heights, IL, USA). To

obtain an accurate reading, each patient stood on the

measuring platform without shoes and socks, with the

ankles properly aligned with the electrodes of the measur-

ing platform, and the hand electrodes held with arms

straight down, hands beside the body, without moving

until the measurement was completed.

Thickness measurements of visceral and subcutaneous

fat (cm²) were obtained by ultrasound examination by a

private US service, and all measurements were performed

by the same examiner in accordance with the method

described by Ribeiro-Filho et al. (2003). Subcutaneous

adiposity was defined as the distance between the skin

and external face of the rectus abdominal muscle; visceral

adiposity was defined as the distance between the internal

face of the rectus abdominal muscle and the anterior wall

of the aorta 1 cm below the navel. A comparison of the

results was performed as described by Ribeiro- Filho et al.

(2003). Nutritional status was based on WHO (1998) rec-

ommendations.

Biochemical tests

Each participant underwent biochemical testing following

a 12-h fast to measure liver enzymes, fasting serum lipid

profile (Grundy et al., 2005), glucose (Trinder, 1969) and

insulin levels determined by the chemiluminescent

method, C-reactive protein and serology for hepatitis. All

biochemical assessments were performed in the Labora-

tory of Julio Muller University Hospital in accordance

with standard methods.

The degree of IR was determined by the homeostatic

model assessment insulin resistance (HOMA-IR)

(Matthews et al., 1985) using the formula: HOMA = fast-

ing insulin (mU L–1) x fasting glucose (mmol L–1)/22.5.

To support HOMA-IR, the results were calculated as the

leptin/adiponectin ratio (Finucane et al., 2009) and by

homeostatic model assessment-adiponectin (HOMA-AD)

(Matisuhisa et al., 2007).

Cytokine and adipokine levels were measured in blood

drawn from 41 women in the morning, in the same lab-

oratory, after an overnight fast. The blood samples were

immediately centrifuged and the serum samples were

stored at �80 °C until analysis, which was performed at

the Laboratory of Biological Food Evaluation (UFMT).

Serum levels were measured by an enzyme-linked immu-

nosorbent assay (ELISA) kit in accordance with the man-

ufacturer’s instructions. The serum samples were

quantified after dilution, and each measurement was per-

formed in triplicate. Tumour necrosis factor-a (TNF-a)
was quantified by using Human TNF-a ELISA MAXTM

Deluxe Set from Biolegend (San Diego, CA, USA). Inter-

leukin-6 (IL-6) levels were quantified using Human IL-6

ELISA Ready-SET-Go! from eBioscience, Inc. (San Diego,

CA, USA). Leptin, adiponectin and resistin levels were

measured with the Duoset ELISA Development kit from

R&D Systems, Inc. (Minneapolis, MN, USA) in accor-

dance with the manufacturer’s instructions. Absorbance

was read at 450 nm within 30 min by Spectra Max 190

microplate reader (Molecular Devices, Sunnydale, CA,

USA). The calibration curves were constructed by plot-

ting the net average absorbance of the standards on the

y-axis and the concentrations on the x-axis and drawing

the best-fitting curve. Concentrations of the adipokines

in each sample were calculated from the calibration

curve with ORIGIN, version 4.1 (OriginLab Corp., North-

ampton, MA, USA). The correlation coefficients were lin-

ear in a concentration range between 45.86 and

466.45 pg mL–1 for TNF-a (r = 0.99); 5.66 and

9.74 pg mL–1 for IL-6 (r = 0.98); 6.33 and 328.32 ng mL
–1 for leptin (r = 0.99); 0.13 and 1.66 ng mL–1 for adipo-

nectin (r = 0.99); and between 2.87 and 79.35 ng mL–1

for resistin (r = 0.99).

Clinical examination

The women’s blood pressure was measured by a nurse

technician during the preconsultation after at least 5 min

of rest before the measurement. Blood pressure levels

were classified according to normal standards, as

described by Grundy et al. (2005).

Radiological examination

Fatty liver was diagnosed by abdominal US. Although

this technique has a sensitivity for the detection of steato-

sis of 60–94% and a specificity of 88–95%, the US has

the advantage of being a low-cost assessment tool with

no known risks; it is available in almost all cities and

therefore can be considered as a good method for track-

ing disease (Charatcharoenwitthaya & Lindor, 2007).

Ultrasound was performed in all subjects using the same

equipment (Voluson 730 Expert; General Electric,

Jenbach, Austria). The examination was performed after

fasting for 12 h in the morning and using the same

image service and the same examiner. The diagnosis of

NAFLD was based on the presence and degree of liver

steatosis, which was classified as mild, moderate or severe

in accordance with the stratification proposed by Rumack

et al. (2005).
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Statistical analysis

Statistical analyses were performed using SPSS, version

13.0 (SPSS Inc., Chicago, IL, USA) software. Continuous

variables are expressed as the mean (SEM) or median

(range), depending on the assessment for Gaussian distri-

bution. Data were analysed by parametric or nonpara-

metric tests, according to their distribution. To compare

the means of variables between groups, we used Student’s

t-test or the Mann–Whitney U-test, observing the nature

of the distribution of the variables. For the analysis of

linear correlation between continuous variables, data

were log transformed, and the linear coefficient of Pear-

son was applied. To explore the predictive values of vari-

ables, a simple linear regression model was built.

Categorical data are presented as absolute and relative

frequencies, and these data were compared by chi-square

test and Fisher’s exact test. The latter tests were also used

to determine the association between low adiponectin

concentrations and dietary intake. For this purpose, an

adiponectin concentration below the median of the

whole group (<0.35 ng mL–1) was considered (Marche-

sini et al., 2003). P � 0.05 was considered statistically

significant.

Results

Characteristics of the patients

A total of 60 women were included in the present

study. Table 1 shows the distribution of women accord-

ing to age, prevalence and degree of obesity and

NAFLD. Most patients were aged >39 years (51.7%), all

patients were obese and most had obesity level 2 or

greater (68.3%) (WHO, 1998). Ultrasonography was able

to diagnose hepatic steatosis in 24 women (40%);

despite the limitations of this diagnostic method, 21

(35.0%) were diagnosed with mild steatosis and three

(5.0%) with severe steatosis. Thirty-six women (60.0%)

had normal liver function and were therefore designated

as the control group. Irregular engagement in physical

activity was prevalent (68.3%), and walking was the

most commonly reported activity (26.7%) (data not

shown).

Diabetes and dyslipidaemia were significantly more fre-

quent in the NAFLD group than in the control group

(P < 0.05 and P < 0.05, respectively). The frequency

of hypertension was not different between groups,

(P > 0.05) (data not shown).

Comparisons of demographic, anthropometrics data and

body composition

Significant differences were found in measurements of

WHR and visceral adiposity. The NAFLD group had sig-

nificantly higher measures of WHR (P < 0.05) and vis-

ceral adiposity (P < 0.05) than the control group. No

significant differences were found for age, BMI, waist cir-

cumference, subcutaneous adiposity or measures of body

composition (water, bone, muscle and fat) between the

groups (Table 2).

Table 1 Distribution of women studied according to age, prevalence

and degree of obesity and nonalcoholic fatty liver disease (NAFLD)

Variables Frequency Percentage

Age (years) (n) (%)

20–39 29 48.3

� 40 31 51.7

Total 60 100.0

BMI (kg m–²)

Obesity grade 1 19 31.7

Obesity � grade 2 41 68.3

Total 60 100.0

NAFLD (%)

Mild steatosis 21 35.0

Moderate steatosis – –

Severe steatosis 03 5.0

Normal liver 36 60.0

Total 60 100.0

Values expressed in frequency (absolute and relative) of the number

of women (n = 60).

BMI, body mass index.

Table 2 Demographic, anthropometric and body composition

analysis of nonalcoholic fatty liver disease (NAFLD) and control groups

Variables

Groups

P-value

NAFLD

(n = 24)

Control

(n = 36)

Age (years) 39.5 (1.6) 37.9 (1.3) 0.421

BMI (kg m–²) 39.4 (30.3–63.2) 36.7 (30.3–55.4) 0.172

Waist

circumference

(cm)

114.8 (93.6–167.0) 109.2 (93.1–135.8) 0.213

WHR 0.98 (0.02) 0.92 (0.01) 0.010*

Visceral adiposity

(cm2)

5.4 (3.7–8.5) 4.0 (2.6–7.7) <0.001*

Subcutaneous

adiposity (cm2)

4.1 (0.3) 4.5 (0.2) 0.229

Water (%) 40.5 (34.3–63.0) 42.1 (33.8–48.7) 0.509

Bone (kg) 2.7 (2.2–3.2) 2.6 (2.0–3.2) 0.245

Muscle (kg) 50.5 (40.1–60.1) 49.1 (36.6–60.9) 0.253

Fat (%) 46.4 (22.8–55.0) 43.4 (34.5–55.9) 0.550

Values expressed as the mean (SEM) (Student’s t-test) and median

(range).

Mann–Whitney U-test: *P < 0.05.

BMI, body mass index; WHR, waist-to-hip ratio.
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Comparisons of biochemical and clinical data

Fasting serum glucose, insulin and HOMA-IR were signif-

icantly higher in the NAFLD group (P < 0.05), although

serum concentrations of total cholesterol, very low-

density lipoprotein (VLDL), low-density lipoprotein

(LDL), high-density lipoprotein (HDL) and triacylglycerol

were not different between groups. Alanine aminotrans-

ferase and c-glutamyltransferase were significantly higher

in the NAFLD group (P < 0.05), although aspartate ami-

notransferase, C-reactive protein and blood pressure were

similar between groups (Table 3). Diastolic blood pres-

sure was marginally higher among those with NAFLD

(P > 0.05) (data not shown).

Comparison of adipokines

Figure 1 shows serum concentrations of adipokines in

both groups. Box plots demonstrate the median values

and minimum and maximum values for adiponectin, lep-

tin, IL-6 and TNF-a for each group, and the bar graph

demonstrates the mean (SEM) (error bars) for resistin for

each group. Fig. 1(a) shows lower concentrations of

adiponectin in the NAFLD group compared to the

control group [0.16 (0.13–0.91) versus 0.46 (0.20–1.66)
ng mL–1; P < 0.05]. As shown in Fig. 1(b–e), no

differences were found in serum concentrations of

leptin [189.40 (6.33–328.33) versus 266.10 (7.06–327.26)
ng mL–1; P > 0.05], resistin [22.42 (4.65) versus

35.55 (5.33) ng mL–1; P > 0.05], IL-6 [6.84 (5.66–9.74)

versus 6.59 (5.69–8.63) pg mL–1; P > 0.05] or TNF-a
[101.93 (79.27–185.65) versus 94.55 (75.11–149.13)
pg mL–1; P > 0.05].

Resistance insulin indices

Figure 2 shows two insulin resistance indices. Figure 2(a)

shows that no differences were found for the leptin/adipo-

nectin ratio (P > 0.05) between groups and Fig. 2(b)

shows a higher HOMA-AD index in the NAFLD group

(P < 0.05).

Correlation of serum adiponectin with anthropometrics

and body composition, biochemical and clinical

parameters

Using bivariate analysis, serum adiponectin concentra-

tions in the NAFLD group were correlated only with

weight, subcutaneous adiposity, visceral adiposity, total

cholesterol, VLDL, LDL, leptin and TNF-a. In the control

group, serum adiponectin was correlated only with insu-

lin, HOMA-IR, c-glutamyltransferase and leptin

(Table 4). The serum adiponectin in the NAFLD group

negatively correlated with total cholesterol, VLDL, LDL

and serum TNF-a levels, and positively correlated with

weight, subcutaneous adiposity, visceral adiposity and

serum leptin levels. In the control group, adiponectin

concentrations correlated negatively with insulin, HOMA-IR

and c-glutamyltransferase and positively with serum

Table 3 Biochemical analysis of nonalcoholic fatty liver disease (NAFLD) and control groups

Variables

Groups

P-valueNAFLD (n = 24) Control (n = 36)

Glucose (mg/dL) 111.0 (77.0–315.0) 90.5 (75.0–159.0) 0.001*

Insulin (lUI/mL) 21.4 (5.5–88.9) 10.8 (3.9–29.4) <0.001*

HOMA-IR (<2) 6.3 (1.3–27.6) 2.4 (0.8–6.4) <0.001*

Total cholesterol (mg dL–1) 179.0 (127.0–268.0) 181.5 (124.0–297.0) 0.856

VLDL (mg dL–1) 28.3 (12.6–70.0) 21.0 (9.4–50.6) 0.394

LDL (mg dL–1) 110.5 (70.0–163.0) 119.4 (76.4–223.4) 0.213

HDL (mg dL–1) 41.0 (21.0–60.0) 42.5 (28.0–55.0) 0.526

Triacylglycerol (mg dL–1) 143.0 (51.0–491.0) 105.0 (47.0–253.0) 0.070

Alanine aminotransferase (U L–1) 27.0 (15.0–43.0) 17.0 (9.0–61.0) 0.001*

Aspartate aminotransferase (U L–1) 21.0 (12.0–32.0) 20.0 (4.0–43.0) 0.259

c-Glutamyltransferase (U L–1) 37.5 (18.0–89.0) 23.0 (13.0–128.0) <0.001*

C-reactive protein (mg dL–1) 4.7 (1.7–48.0) 5.8 (1.0–24.0) 0.722

Reference values: glucose (70–110 mg dL–1), insulin (5–25 lU mL–1), total cholesterol (150–200 mg dL–1), triacylglycerol (50–175 mg dL–1), VLDL

(0.0–50 mg dL–1), LDL (<140 mg dL–1), HDL (39–90 mg dL–1), alanine aminotransferase (5–39 U L–1), aspartate aminotransferase (5–40 U L–1),

c-glutamyltransferase (5–50 U L–1) (Zelber-Sagi et al., 2006); HOMA-IR (1.23) (Geloneze et al., 2009); C-reactive protein (� 0.21 mg dL–1) (Visser

et al., 1999).

Values expressed in median (minimum and maximum values).

Mann–Whitney U-test: *P < 0.05.

HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment-insulin resistance; LDL, low-density lipoprotein; VLDL, very low-density

lipoprotein.
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leptin levels. There was no correlation of serum adiponec-

tin with other parameters. As shown in Table 5, in the

simple linear regression analyses, all variables correlated

in the NAFLD group were associated with adiponectin

concentration: weight, visceral and subcutaneous adiposi-

ties, total cholesterol, VLDL-C, LDL-C, leptin and TNF-a
(P < 0.05). On the basis of the results shown in Table 5,

a multivariate linear regression model might be recomme-

ded; however, because the sample number was small, a

multivariate analysis could not be performed.

Frequency of habitual food intake in the nonalcoholic

fatty liver disease and control groups

As shown in Table 6, no significant differences were

found between the groups for frequency of consumption

of dairy products, red meat, white meat, eggs, A vegeta-

bles, B vegetables, C vegetables, fruits, grains (constant),

beans, sweets, soft drinks, chocolates, sucrose or fried

foods. A low frequency of intake was observed in both

groups for eggs and chocolates.
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Figure 1 Serum adipokines of nonalcoholic fatty liver disease (NAFLD) and control groups: (a) adiponectin, (b) leptin, (c) resistin, (d) interleukin

(IL)-6, (e) tumour necrosis factor (TNF)-a. Mann–Whitney U-test (a, b, d, e) and Student’s t-test (c) Box plot showing median values and minimum

and maximum values for adiponectin, leptin, IL-6 and TNF-a for each groups, and the bar graph shows the mean (SEM) (errors bars) for resistin

for each group (grey for NAFLD group and white for the control group). *P < 0.05 (Mann–Whitney U-test).
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Association between low adiponectin concentration

(<0.35 ng mL–1) and frequent intake according to the

food frequency questionnaire for animal protein, simple

carbohydrates and fats

Table 7 shows that lower concentrations of adiponectin

were associated with a moderately frequent intake of

sucrose in the NAFLD group and frequent intake in the

control group (P < 0.05 versus 0.05, respectively). Lower

concentrations of adiponectin were also associated with

infrequent fried food intake in the NAFLD group

(P < 0.05) and frequent intake in the control group

(P < 0.05). In the NAFLD group, there was no associa-

tion between reduced adiponectin levels and the frequent

intake of other foods. However, in the control group,

reduced concentrations of adiponectin were associated

with the frequent consumption of milk (P = 0.05), white

meat (P = 0.05), soft drinks (P = 0.05) and the noncon-

sumption of eggs (P = 0.05) and sweets (P < 0.05).

Discussion

Hypoadiponectinaemia occurred in all of the women who

were evaluated, although levels were significantly lower

among NAFLD patients, as reported in some previous

studies (Jiang et al., 2009; Savvidou et al., 2009) but

diverging from others (Jarrar et al., 2008; Lemoine et al.,

2009). In the liver, adiponectin is considered to have insu-

lin-sensitising, antifibrogenic and anti-inflammatory prop-

erties by acting on hepatocytes, hepatic stellate cells and

hepatic macrophages (Kuppfer cells), respectively (Polyzos
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Figure 2 (a) Leptin/adiponectin ratio. (b) Homeostatic model

assessment-adiponectin (HOMA-AD) index. Box plots demonstrate

median values and minimum and maximum values for the leptin/

adiponectin ratio and HOMA-AD index for each group [grey for

nonalcoholic fatty liver disease (NAFLD) group and white for control

group]. *P < 0.05 (Mann–Whitney U-test).

Table 4 Correlation of serum adiponectin with antropometrics and

body composition, biochemical and clinical parameters

Parameters

Adiponectin (ng mL–1)

NAFLD (19) Control (22)

r P-value r P-value

Weight (kg) 0.512 0.025* �0.188 0.402

Subcutaneous adiposity (cm²) 0.487 0.034* �0.239 0.284

Visceral adiposity (cm²) 0.491 0.033* 0.091 0.688

Total cholesterol (mg dL–1) �0.522 0.022* 0.180 0.424

VLDL (mg dL–1) �0.563 0.023* �0.144 0.523

LDL (mg dL–1) �0.469 0.049* 0.178 0.429

Leptin (ng mL–1) 0.690 0.002* 0.467 0.038*

TNF-a (pg mL–1) �0.655 0.002* �0.065 0.772

Insulin (lU mL–1) �0.275 0.254 �0.505 0.016*

HOMA-IR �0.413 0.078 �0.460 0.031*

c-Glutamyltransferase (U L–1) �0.006 0.982 �0.479 0.024*

*P < 0.05 (linear coefficient of Pearson).

There was no correlation between serum adiponectin and other eval-

uated parameters.

HOMA-IR, homeostatic model assessment-insulin resistance; LDL, low-

density lipoprotein; TNF, tumour necrosis factor; VLDL, very low-den-

sity lipoprotein.

Table 5 Results from simple linear regression analyses with serum

adiponectin as dependent variable and various potential predictors as

independent variables

Potential predictors in

the model B 95% CI P*

r² of

model

Weight (kg) 0.018 0.003; 0.034 0.025 0.262

Subcutaneous adiposity

(cm²)

0.268 0.022; 0.514 0.034 0.238

Visceral adiposity (cm²) 0.315 0.029; 0.601 0.033 0.241

Total cholesterol

(mg dL–1)

�1.582 �2.906; �0.259 0.022 0.272

VLDL-C (mg dL–1) �0.027 �0.050; �0.004 0.023 0.317

LDL-C (mg dL–1) �1.335 �2.666; �0.004 0.049 0.220

Leptin (ng mL–1) 0.364 0.162; 0.566 0.002 0.477

TNF-a (pg mL–1) �1.412 �2.246; �0.578 0.002 0.429

*P < 0.05 (linear regression).

CI, confidence interval; LDL, low-density lipoprotein; TNF, tumour

necrosis factor; VLDL, very low-density lipoprotein.
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et al., 2010). It acts through the activation of 5-adeno-

sine monophosphate-activated protein kinase and per-

oxisome proliferator-activated receptor-a pathways and

the inhibition of toll-like receptor-4-mediated signalling

(Polyzos et al., 2010). As a result, modifications in gene

expression occur that subsequently lead to decreased

gluconeogenesis, decreased free fatty acid influx into

the liver, increased free fatty acid oxidation and

decreased de novo lipogenesis (Polyzos et al., 2010). By

these mechanisms, hypoadiponectinaemia contributes to

the progression of hepatic steatosis. An important find-

ing was the negative correlation between adiponectina-

emia and NPY/AgRP concentrations in NAFLD obese

adolescents. These findings suggest that the patients

presented an inflammatory profile with an important

influence on the neuroendocrine regulation of energy

balance, stimulating the orexigenic neuropeptides and

thus the impairment of weight loss (de Piano et al.,

2010b), again highlighting the protective role of adipo-

nectin against fatty liver.

Different studies have reported negative correlations

between hypoadiponectinaemia and HOMA-IR (Savvidou

et al., 2009), triacylglycerol and the atherogenic index

(Matsubara et al., 2002) and positive correlations between

adiponectinaemia and HDL (Jiang et al., 2009). The results

of the present study show a negative correlation with total

cholesterol levels, VLDL and LDL, and all of these variables

were able to predict adiponectin levels in the NAFLD

group, confirming the association between reduced adipo-

nectin concentrations and the atherogenic lipid profile

(Kazumi et al., 2002). This predictive value was also

observed with weight, subcutaneous and visceral adiposity,

and serum TNF-a and leptin concentrations in this group.

A strong negative correlation between serum adiponec-

tin and TNF-a levels, as well as a positive correlation

between adiponectin and leptin levels, was observed. Con-

ditions such as visceral adiposity and IR reduce the levels

of adiponectin, leading to a pro-inflammatory state and

the generation of chronic injury factors and other acute

phase proteins (Matsuzawa et al., 2004). A possible mech-

anism for NAFLD is that conditions such as insulin resis-

tance and obesity lead to increased levels of fatty acids

and the development of hepatic steatosis. However, these

Table 6 Frequency of habitual food intake in nonalcoholic fatty liver

disease (NAFLD) and control groups

Foods

Groups

NAFLD (24) Control (36)

P-value(%) (%)

Dairy products 83.3 86.1 0.999

Red meat 100.0 91.7 0.268

White meat 91.7 86.1 0.691

Eggs 16.7 27.8 0.319

A vegetable 87.5 97.2 0.292

B vegetable 91.7 91.7 0.999

C vegetable 62.5 83.3 0.068

Fruits 91.7 86.1 0.691

Grains – – –

Beans 100.0 86.1 0.077

Sweets 41.7 36.1 0.665

Soft drinks 62.5 80.5 0.121

Chocolates 12.5 8.3 0.675

Sucrose 66.7 83.3 0.135

Fried foods 50.0 58.3 0.525

P > 0.05 (chi-squared and Fisher’s exact test for all food groups).

Grains represent a constant.

Table 7 Association between reduced serum adiponectin concentration (<0.35 ng/mL) and frequent intake according a to food frequency

questionnaire of animal protein, simple carbohydrates and fats

Food intake

NAFLD (19) Control (22)

Adiponectin <0.35 ng mL–1 (14) Adiponectin <0.35 ng mL–1 (9)

FI (%) IF (%) P-value FI (%) IF (%) P-value

Milk 71.4 28.6 0.530 100.0 0 0.054*

Red meat 100.0 0 – 100.0 0 0.240

White meat 100.0 0 – 100.0 0 0.054*

Eggs 7.1 92.9 0.999 0 100.0 0.054*

Sucrose 42.9 57.1 0.045* 100.0 0 0.054*

Sweets 14.3 85.7 0.084 0 100.0 0.046*

Soft drinks 85.7 14.3 0.272 100.0 0 0.054*

Chocolates 7.1 92.9 0.999 0 100.0 0.240

Fried foods 14.3 85.7 0.002** 100.0 0 0.046*

*P � 0.05; **P < 0.01 (Fisher’s exact test).

The frequent intake (FI) of food was defined as daily, once a week, twice a week and three or more times per week. The infrequent intake (IF) of

food was defined as occasionally and never. No statistics are computed because the frequent intake of red and white meat is a constant in the

nonalcoholic fatty liver disease (NAFLD) group.
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states also suppress adiponectin levels, leading to a

pro-inflammatory condition and the generation of injuri-

ous factors such as TNF-a (Czaja, 2004).

Considering that both NAFLD and control groups were

obese, unexpected positive correlations between adiponec-

tin and adiposity measures (body weight and subcutane-

ous and visceral adiposity) and adiponectin and leptin

were found. Unlike adiponectin, which is reduced in

resistant to insulin obese (Yamauchi et al., 2002), leptin

is in direct proportion to body fat mass, and obesity is

known accompanied by hyperleptinaemia (Kelesidis et al.,

2010). Leptin has been shown to exert pro-inflammatory

effects and adiponectin has been shown to exert anti-

inflammatory effects at the liver level (Bugianesi et al.,

2005). It has also been suggested that leptin could be

involved in fibrogenisis (Potter et al., 1998), whereas

adiponectin was reported to have anti-fibrogenic and an-

tisteatogenic effects in the liver (Yoda-Murakami et al.,

2001; Xu et al., 2003).

Although adiponectin levels have been reported to be

inversely correlated with leptin levels, we did not confirm

this in the present study because we found a positive cor-

relation between these adipokines. Numerous factors,

including body weight and fat composition, insulin resis-

tance and metabolic disturbances, diet, and physical activ-

ity, are assumed to play a role in serum leptin and

adiponectin concentrations (Moschos et al., 2002; Diez &

Iglesias, 2003; Goumenou et al., 2003).

Based on the characteristics of obesity and insulin resis-

tance, which was demonstrated by the HOMA-IR, HOMA-

AD and the leptin/adiponectin ratio in both groups in the

present study, we expected to find an inverse relationship

between adiponectin and leptin. However, we studied two

groups that were predominantly female, which showed a

great variability in serum leptin. Leptin concentrations

may vary during the menstrual cycle and these variations

are related to hormone changes, especially serum oestradiol

concentrations throughout the cycle, and despite the

absence of variation in total body fat and weight (Cento et

al., 1999). Considering that among women with visceral

adiposity, Drolet et al. (2009) found that adiponectin

release by omental adipocytes is significantly reduced,

whereas subcutaneous adipocyte adiponectin release is

unaffected, we hypothesized that these hormonal fluctua-

tions, influential in the levels of leptin, and not associated

with an impairment of adiponectin release by subcuta-

neous adipocytes, may have masked the inverse relation-

ship between adiponectin and leptin in obesity.

Comparisons between groups showed no differences

between serum concentrations of TNF-a, IL-6, leptin, res-
istin and leptin/adiponectin ratio. Jarrar et al. (2008)

reported higher concentrations of TNF-a and IL-6 in the

NAFLD group but similar levels of resistin. However,

Lemoine et al. (2009) found no significant differences in

serum IL-6 and TNF-a receptor 1 between patients with

nonalcoholic steatohepatitis, simple steatosis and controls

but reported lower concentrations of leptin and a higher

adiponectin/leptin ratio in the control group.

Analysis of the frequency of food consumption of

women with and without NAFLD showed no differences

for the various food groups. Kim et al. (2010) has shown

that patients with NAFLD had a higher intake of foods

with low nutritional value and foods high in salt, dairy

products, meat and beans, and also a low consumption of

fruits. These results are similar to those found in the

present study, except for fruit, where the frequency of

consumption was high in the NAFLD group.

A study analysing the food consumption of individuals

with NAFLD reported an increased consumption of soft

drinks and meat in general, a low intake of fish rich in

omega-3 fatty acids and an association between diets rich

in protein and sucrose with NAFLD (Zelber-Sagi et al.,

2007). These studies support the concept that carbohy-

drates in the diet are more harmful than dietary fat in

the pathogenesis of NAFLD in humans (Lê & Bortolotti,

2008). According to Thuy et al. (2008), the elevated die-

tary fructose intake induces bacterial overgrowth in the

small intestine, accompanied by intestinal permeability;

this increases endotoxin levels in the portal vein and con-

tributes to the mechanism of NAFLD.

Some characteristics of these reports differ from the

present study, such as the presence of the male sex, age

and BMI. It is also worth noting that the analysis of food

consumption comprised a quantitative analysis of the

diet. The present study evaluated the frequency of food

intake of an exclusively female group, composed of youn-

ger, obese women. However, similar to the present study,

these studies showed no differences in food consumption

between groups with and without NAFLD, except for the

higher fructose consumption observed in the NAFLD

group in a study conducted by Thuy et al. (2008). In

agreement with Zelber-Sagi et al. (2007), we demon-

strated a high intake of soft drinks and meat in general

not only in the NAFLD group, but also in the control

group. Finally, we emphasise that the consumption of x3
fatty acids sources fish was not evaluated because its con-

sumption is not common in the region as a result of it

being an expensive food and thus difficult to access.

It should be noted the results of the study conducted by

de Piano et al. (2010a,b) found a positive correlation

between carbohydrate intake and NPY, stimulating an

orexigenic pathway in NAFLD obese adolescents, and

therefore suggesting an impairment of weigh loss in these

individuals. However, a positive correlation was still

observed between saturated fatty acid intake and the orexi-

genic neuropeptides (NPY and AgRP) in these NAFLD
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patients. These data suggest that diet composition exerts

an important role in the NAFLD genesis and treatment, as

well as in the orexigenic pathways of these patients, and it

is essential to consider that the an excessive saturated fatty

acid intake is a determinant risk factor for increasing NA-

FLD development (de Piano et al., 2010a,b).

Linking dietary factors to hypoadiponectinaemia, we

found that, in the NAFLD group, even a moderately fre-

quent intake of sucrose and infrequent intake of fatty

foods was associated with lower levels of adiponectin.

Sucrose and fatty foods were the only nutrients associ-

ated with lower concentrations of adiponectin in the

NAFLD and control groups. It is important to report

that, in the NAFLD group, even a low frequency of con-

sumption of fatty foods was associated with hypoadipo-

nectinaemia. Because we were unable to identify studies

investigating the association of dietary intake with adipo-

nectinaemia in the context of NAFLD, we hypothesised

that, because the NAFLD group has a higher visceral

adiposity and is more resistant to insulin (i.e. two condi-

tions that determine hypoadiponectinaemia), a less fre-

quent ingestion of sucrose and fatty foods would be

sufficient to reduce serum adiponectin, whereas, for the

control group, with a lower visceral adiposity and more

sensitivity to insulin, a more frequent ingestion of these

foods would be required to produce the same effect.

Studies in the literature show that hypoadiponectina-

emia is associated with diets high in carbohydrates (Ka-

sim- Karakas et al., 2006; Yeung et al., 2010) and, in

contrast, diets rich in unsaturated fats are associated with

high concentrations of adiponectin (Kasim- Karakas

et al., 2006). Unsaturated fats are ligands of peroxisome

proliferator-activated receptor-c (Ferr�e, 2004), the activa-

tion of which has been directly linked to increased levels

of adiponectin (Kadowak & Yamauchi, 2005). A diet rich

in unsaturated fatty acids may therefore have direct

effects on adiponectin levels. Another proposed mecha-

nism is that diets low in fat and rich in carbohydrates

lead to a redistribution of body fat from peripheral to

central deposits (Paniagua et al., 2007). However, a study

of normal weight and obese women, evaluating the effects

of low- and high-fat diets similar in energy content, dem-

onstrated that adiponectin levels varied according to

insulin sensitivity among obese women. By eating a diet

rich in fat, insulin resistant obese women had lower levels

of adiponectin compared to those who were more sensi-

tive to the hormone (Berk et al., 2005). This may explain

the association found between hypoadiponectinaemia and

fats, assuming that the median value of the HOMA-IR,

HOMA-AD and the leptin/adiponectin ratio of women in

the present study indicated the state of insulin resistance.

In summary, hypoadiponectinaemia in NAFLD was

associated with dietary sucrose and fatty food intake,

emphasising the important role of diet in the occurrence

of this disease. In addition, the results of the present

study highlight the need for larger studies employing

instruments that ensure an adequate quantitative and

qualitative assessment of the diet, including an adequate

follow-up, in the study design. Future studies may be able

to establish a causal relationship between the variables, or

could at least allow the application of statistical tests such

as logistic regression analysis to control for possible con-

founding factors.
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