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Background/Aims: The independent role of soft drink consumption in non-alcoholic fatty liver disease (NAFLD) patients
remains unclear. We aimed to assess the association between consumption of soft drinks and fatty liver in patients with or
without metabolic syndrome.

Methods: We recruited 31 patients (age: 43 ± 12 years) with NAFLD and risk factors for metabolic syndrome, 29
patients with NAFLD and without risk factors for metabolic syndrome, and 30 gender- and age-matched individuals with-
out NAFLD. The degree of fatty infiltration was measured by ultrasound. Data on physical activity and intake of food and
soft drinks were collected during two 7-day periods over 6 months using a food questionnaire. Insulin resistance, inflam-
mation, and oxidant–antioxidant markers were measured.

Results: We found that 80% of patients with NAFLD had excessive intake of soft drink beverages (>500 cm3/day) com-
pared to 17% of healthy controls (p < 0.001). The NAFLD group consumed five times more carbohydrates from soft
drinks compared to healthy controls (40% vs. 8%, p < 0.001). Seven percent of patients consumed one soft drink per
day, 55% consumed two or three soft drinks per day, and 38% consumed more than four soft drinks per day for most days
and for the 6-month period. The most common soft drinks were Coca-Cola (regular: 32%; diet: 21%) followed by fruit
juices (47%). Patients with NAFLD with metabolic syndrome had similar malonyldialdehyde, paraoxonase, and C-reac-
tive protein (CRP) levels but higher homeostasis model assessment (HOMA) and higher ferritin than NAFLD patients
without metabolic syndrome (HOMA: 8.3 ± 8 vs. 3.7 ± 3.7 mg/dL, p < 0.001; ferritin: 186 ± 192 vs. 87 ± 84 mg/dL,
p < 0.01). Logistic regression analysis showed that soft drink consumption is a strong predictor of fatty liver (odds ratio:
2.0; p < 0.04) independent of metabolic syndrome and CRP level.

Conclusions: NAFLD patients display higher soft drink consumption independent of metabolic syndrome diagnosis.
These findings might optimize NAFLD risk stratification.
! 2009 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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1. Introduction

The pathogenesis of non-alcoholic fatty liver disease
(NAFLD) or non-alcoholic steatohepatitis (NASH) is
related to continuous delivery of free fatty acids to the
liver from splanchnic lipolysis of visceral fat or from
increased ingestion of fatty food, together with lipotox-
icity, inflammation, oxidative stress, or lipid peroxida-
tion and insulin resistance [1]. Clinical implications of
NAFLD/NASH derive mostly from common occur-
rence in the general population (10–24%) and potential
to progress to fibrosis (30–40%), cirrhosis (20–30%), or
hepatocellular carcinoma [2]. NASH is the most com-
mon cause of cryptogenic cirrhosis and is an increasingly
common indication for liver transplantation. Frequently
associated with obesity, type 2 diabetes mellitus (DM),
and hyperlipidemia, NAFLD is considered an impor-
tant emerging health issue and is included among com-
ponents of metabolic syndrome, as defined by the
National Cholesterol Education Program Expert Panel
on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel 111-ATP
111) [2,3]. Identification of new risk factors that permit
early diagnosis and treatment is warranted.

Soft drinks are the leading source of artificially added
sugar in the world and have been linked to obesity in chil-
dren and adolescents [4]. Recent evidence suggests an asso-
ciation between the intake of sugar-sweetened soft drinks
and the risk of obesity and diabetes because the drinks con-
tain large amounts of high-fructose corn syrup (HFCS),
which raises triglycerides and blood glucose similarly to
sucrose [4,5]. Additionally, soft drinks contain caramel col-
oring, which is rich in advanced glycation end products
that can increase insulin resistance and inflammation [4].

Intake of nutrients (including those found in sweetened
beverages) may affect insulin resistance, carbohydrate lev-
els, lipid metabolism, and hepatic steatosis, yet other fac-
tors also play a role [4]. Recently, it has been reported that
intake of more simple carbohydrates and less saturated
fat was higher in patients with fatty liver compared with
the general population, suggesting that imbalanced diets
play an important role in development and progression
of NAFLD [6]. High-fructose diets have induced fatty
liver in rats and ducks [7]. Such diets have also caused
increases in hepatic lipid per oxidation and activation of
inflammatory pathways in rat livers [8]. That fructose
consumption can cause progressive liver disease in
humans is demonstrated by hereditary fructose intoler-
ance, a rare disease that results from a deficiency of aldol-
ase B enzyme [9]. More recently, it has been shown that
soft drink consumption is linked to obesity and results
in an increased risk of metabolic syndrome [5]. Individu-
als consuming more than one soft drink daily showed a
higher prevalence of metabolic syndrome than those con-
suming less than one soft drink per day [5]. We have
shown previously that soft drink consumption is linked

with NAFLD [10], but the independent role of soft drink
intake in NAFLD patients remains unclear. The present
study was designed to assess the association between soft
drink consumption and fatty liver in patients with or with-
out metabolic syndrome.

2. Patients and methods

2.1. Study design

Two groups of 60 consecutive NAFLD patients from the liver unit
at Ziv Medical Center in Safed, Israel, were included in the study.
Group 1 was composed of 31 men and women (age: 53 ± 7 years) with
NAFLD and risk factors for metabolic syndrome (DM, obesity, tri-
glycerides). Group 2 included 29 subjects with NAFLD and without
risk factors for metabolic syndrome (identified by lipid profile, fasting
glucose, blood pressure, and body mass index [BMI]). All subjects had
sought medical advice for abdominal discomfort, hepatomegaly, and/
or abnormal liver enzymes. A similar age- and gender-matched healthy
control group (n = 30) with normal ultrasound (same operator) and
normal liver enzymes and without diabetes, obesity, and hyperlipid-
emia was randomly selected from the general population (teachers at
the Catholic secondary school in Fassouta, western Galilee, Israel,
were identified randomly and matched by the principal investigator).
The healthy control group denied alcohol intake. Those reporting
use of alcohol (>140 g/week or >20 g/day in females and 30 g/day in
male), drugs (tamoxifen, steroids, amiodarone), and other risk factors
that might induce hepatic steatosis (e.g., Hepatitis C virus or Hepatitis
B virus infection, autoantibodies indicative of autoimmune hepatitis or
celiac disease) were excluded by clinical and biochemical tests. Exces-
sive soft drink consumption was defined as >50 g/day (>500 cm3/day
or >12 teaspoons per day of added sugar) [5]. All study end points were
obtained prospectively. The laboratory tests were done within 2 weeks
of dietary consultation and study participation. Patients’ medications
including statins and insulin sensitization were taken into account
when defining dylipidemia and/or type 2 DM.

2.2. Interview

Interviews were conducted by an experienced dietician who collected
data concerning dietary habits, physical activity, and other relevant
information using the validated, self-administered Block food frequency
questionnaire (1998 version). This tool is frequently used in mixed-gen-
der and multiethnic populations for metabolic and dietary intervention
studies. Daily average food and beverage intake was recorded during two
7-day periods, at the beginning and at the end of the study, over
6 months. Reported intake included (1) breads, pizza, and savory
snacks; (2) pasta, rice, and corn; (3) potatoes, peas, and beans; (4) milk
and dairy products; (5) juices and soft drinks; (6) nuts and fresh and dried
fruits; (7) sugar, sweets, cakes, and chocolate; and (8) fresh vegetables.
Physical activity was assessed by the Paffenbarger questionnaire, which
is well validated [11]. The time frame included activity during the preced-
ing week and every 6 weeks for 6 months.

2.3. Physical activity

Physical activity was measured. Light activity was defined as 5 kcal/
min and included walking, gardening, dancing, and ice skating. Moderate
activity (10 kcal/min) included swimming, running, jogging, basketball,
and football. Combination activity (7.6 kcal/min) included weight lifting.

2.4. Alcohol intake

The abuse of alcohol was determined by interviewing patients and
their relatives. Patients who were described as alcohol abusers were
excluded from the study. Alcohol consumption was assessed with a
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validated questionnaire [12]. Patients were asked how many times per
week they usually drank as well as the usual amount consumed. They
were asked to estimate the amount in terms of popular Israeli cups
(60 cm3) or bottles of beer. The information obtained also included
the style of drinking, the type of alcoholic beverage, the average and
maximum amounts consumed each time, and the life events that
affected drinking patterns. Based on this information, the amount of
alcohol consumed per week was calculated.

2.5. Biochemistry and anthropometric measurements

Lipid, liver enzyme, glucose, and insulin levels were measured by
standard biochemical methods. Insulin resistance was estimated using
the oral glucose tolerance test – derived homeostasis model assessment
(HOMA) based on the following equation: insulin resistance = (fasting
plasma glucose level [mg%] ! 0.055 mmol/L) ! (fasting plasma insulin
level [mU/L])/22.5). BMI was calculated as weight in kilograms
divided by the square of height in meters. Obesity was considered to
be present if the calculated BMI exceeded 28 kg/m2, and diabetes
was considered to be present if fasting plasma glucose levels were
>126 mg/dL (two times the upper limit of normal). Metabolic syn-
drome was defined as the presence of three or more of the following
factors: abdominal obesity (waist circumference P80 cm for women
or P90 cm for men) or BMI >28 kg/m2; fasting blood glucose
P100 mg/dL; serum triglycerides P150 mg/dL; blood pressure
P135/85 mm Hg; and high-density lipoprotein (HDL) cholesterol
<40 mg/dL for men or <50 mg/dL for women [5]. Biomarkers of insu-
lin resistance (glucose, insulin, HOMA) and systemic inflammation (C-
reactive protein [CRP], fibrinogen) and markers of oxidant–antioxi-
dant status (malonyldialdehyde [MDA], paraoxonase, a-tocepherol)
were measured in the plasma by commercial kits. The laboratory
results were ready within 2 weeks of dietary consultation and study
participation.

2.6. Radiology

Ultrasound examinations were obtained within 2 weeks of presenta-
tion. Each examination was performed using a real-time, high-resolution
Acuson gray-scale/color ultrasound scanner (A. Cuson Diagnostic, San
Francisco, CA, USA) by a single experienced sonographer who was
blinded to the clinical status of the patients. Combination of brightness,
liver–kidney contrast with two other well-known ultrasound findings of
fatty liver, vascular blurring, and deep attenuation enabled us to diag-
nose and grade fatty change semiquantitatively [13,14].

Metabolic measures and physical activity and dietary information
were retrieved by the validated food questionnaire. NAFLD risk fac-
tors were identified within 2 weeks of participation. The study was
approved by the hospital institutional review board, and all patients
signed informed consent for participation.

2.7. Statistics

Data are expressed as means ± standard deviation. Differences
between two variables were assessed by the Wilcoxon rank sum test,
univariate v2 test, and t test as appropriate. Correlations were assessed
using a Spearman rank correlation and univariate regression analysis.
We used multiple stepwise regression analysis after adjustment for all
confounding factors to assess the association between soft drinks,
markers of insulin resistance, inflammation by CRP, oxidant and anti-
oxidant status, metabolic syndrome, and the presence of fatty liver.
Results were expressed as an odds ratio (OR). Statistical significance
was defined as p < 0.05. All statistical analyses were performed using
the WinSTAT statistical software (R. Fitch Software).

3. Results

Table 1 shows the demographic, clinical, and meta-
bolic characteristics of all subjects. Patients with

NAFLD with metabolic syndrome had similar MDA,
paraoxonase, fibrinogen, and CRP serum levels but
higher HOMA and higher serum ferritin than NAFLD
patients without metabolic syndrome (8.3 ± 8 vs.
3.7 ± 3.7 mg/dL, p < 0.001; 186 ± 192 vs. 87 ± 84 mg/
dL, p < 0.01) and higher HOMA and higher serum fer-
ritin than healthy controls (8.3 ± 8 vs. 1.7 ± 0.5 mg/
dL, p < 0.001; 186 ± 192 vs. 130 ± 80 mg/dL, p <
0.01). Moreover, NAFLD patients with metabolic syn-
drome had higher serum c-glutamyl transferase and tri-
glycerides but lower serum HDL than patients with
NAFLD but without metabolic syndrome (Table 1). A
significant correlation was found between the amount
of soft drink consumption and the presence of fatty infil-
tration (r = 0.63; p < 0.001), whereas no relationship
was observed with other food constituents.

Table 2 shows the dietary constituents of patients
with NAFLD with or without metabolic syndrome
and controls and the source of added sugar during
two 7-day periods at the beginning and at the end of
the study. Of patients with NAFLD, 80% had excessive
soft drink intake (>500 cm3/day or >12 teaspoons per
day of added sugar) compared to 17% of healthy con-
trols (p < 0.001). Seven percent of patients had one soft
drink daily, 55% had two or three soft drinks daily,
and 38% had more than 4 soft drinks daily for most
days and for 6 months. The most common soft drinks
were Coca-Cola (53%, regular or diet) followed by fla-
vored fruit juices (47%). The source of added sugar was
significantly higher in NAFLD patients with metabolic
syndrome compared to patients with NAFLD without
metabolic syndrome and to healthy controls (80 ± 12
vs. 70 ± 8 vs. 20 ± 11 g/day, p < 0.001). For NAFLD
patients with metabolic syndrome, 40% of added sugar
was from soft drink consumption compared to 8% for
healthy controls (p < 0.001). The source of added sugar
was from regular soft drinks (regular cola [32%] and
flavored juice [47%]) and not from diet soft drinks (diet
cola [21%]).

Table 3 shows the results of a multivariate model
for prediction of fatty liver in patients with or without
metabolic syndrome after adjustment for all confound-
ing factors revealed at univariate analysis. When con-
trolled for dietary composition and physical activity,
multiple logistic regression analysis demonstrated that
the amount of soft drink consumption was the stron-
gest predictor of fatty liver (OR: 2.0; p < 0.04) but
not the biomarkers of inflammation (CRP), insulin
resistance, oxidative stress, or diagnosis of metabolic
syndrome. The association of soft drink consumption
with fatty liver also remains significant after adjust-
ment for both metabolic syndrome and CRP level
(Table 3).

The association between the number of soft drinks
consumed per day by NAFLD patients with or without
metabolic syndrome and by controls is shown in Fig. 1.
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The NAFLD group consumed almost five times the
amount of carbohydrate from soft drinks compared to
healthy controls (source of added sugar in grams per
day: 43%, 37%, and 8%; p < 0.001; Table 2).

The association between amount of soft drink con-
sumption and severity of fatty liver disease in NAFLD
patients and in controls is shown in Fig. 2. There was

a significant difference in the amount of soft drinks con-
sumed per day between those with severe fatty liver ver-
sus those with mild fatty liver and between fatty liver
subgroups and controls (p < 0.001). There was also a
correlation between the number of soft drinks per day
and the insulin resistance index (HOMA; r = 0.4; p <
0.01).

Table 1
Clinical and metabolic biomarkers of non-alcoholic fatty liver disease (NAFLD) patients with and without metabolic syndrome (MS) and healthy
controls.!

NAFLD with MS, n = 31 NAFLD without MS, n = 29 Controls, n = 30 p Value, ANOVA

Age (y) 43 ± 12 41 ± 11 40 ± 10 0.3
Gender (male) 50% 47% 49% 0.1
BMI 30 ± 3 29 ± 4.5 28 ± 5.0 0.08
ALT (U/L) 50 ± 32 48 ± 31 23 ± 11 0.03
GGT (U/L)* 80 ± 82 44 ± 24 25 ± 10 0.001
Glucose (mg/dL) 111 ± 27 96 ± 17 85 ± 13 0.02
Fasting insulin (lU/mL) 31 ± 33 20 ± 23 10 0.01
HOMA* 8.3 ± 8 3.7 ± 3.7 1.7 ± 0.5 0.001
TG (mg/dL)* 208 ± 69 142 ± 64 108 ± 34 0.001
HDL (mg/dL)*** 39 ± 11 47 ± 10 40 ± 10 0.05
Ferritin (lg/L)** 186 ± 192 87 ± 84 130 ± 80 0.01
MDA (lmol/mL) 0.13 ± 0.04 0.14 ± 0.03 0.200 ± 0.1 0.1
Paraoxonase (mM/min) 0.28 ± 0.09 0.21 ± 0.07 0.27 ± 0.8 0.5
F-tocepherol (mg/mL) 0.03 ± 0.006 0.03 ± 0.07 0.03 ± 0.004 0.8
CRP (mg/dL) 11 ± 7 10 ± 6 2 ± 0.2 0.001
Fibrinogen (lg/L) 322 ± 99 364 ± 168 280 ± 100 0.04

Abbreviations: ALT, alanine aminotransferase; ANOVA, analysis of variance; BMI, body mass index; CRP, C-reactive protein; GGT, c-glutamyl
transferase; HDL, high-density lipoprotein; HOMA, homeostasis model assessment; MDA, malondialdehyde;. TG, triglycerides.
! Data are presented as means ± standard deviation.

* p < 0.001.
** p < 0.01.

*** p < 0.5.

Table 2
Dietary constituents in non-alcoholic fatty liver disease (NAFLD) patients with or without metabolic syndrome (MS) and controls and the sources of
added sugar during two 7-day periods at the beginning and at the end of the study.

Dietary constituents! NAFLD with MS, n = 29 NAFLD without MS, n = 31 Healthy controls, n = 30 p Value

Prevalence of excessive soft drinks
(>50 g/d of added sugar)*

81% 79% 17% 0.001

Number of soft drinks per day** 5.4 ± 4.6 4.7 ± 4.7 0.3 ± 0.5 0.01
Source of added sugar (g/d)* 80 ± 12 70 ± 8 30 ± 11 0.001
Soft drinks plus juices* 43% 37% 8% 0.001
Sweetened grains (baked goods)
plus sweets and candy (chocolate)

8% 14% 12% 0.5

Milk and dairy products 5% 4.5% 10% 0.03
Other@ 44% 44.5% 70% 0.01
Total energy intake (kcal) 2207 ± 618 2164 ± 629 2100 ± 600 0.3
Fat (percent of energy) 20 ± 11 20 ± 8 22 ± 5 0.5
Carbohydrate (percent of energy) 71 ± 13 69 ± 13 70 ± 6 0.4
Protein (percent of energy) 9 ± 4 11 ± 6 8 ± 2 0.1
Carbohydrate intake (g/d) 279 ± 131 258 ± 133 255 ± 95 0.6
Physical activity (h/d) Light 0.3 ± 0.36 Light 0.2 ± 0.3 Light 0.3 ± 0.46 0.1
Alcohol (g/d) 15 ± 7 10 ± 5 6 ± 2 0.8

! Percent contribution to dietary carbohydrate from different source of added sugar from regular soft drink (the recommended upper limit for a
2200-kcal diet is 50 g/day).
@ Cereals, other beverage (tea, coffee), fresh vegetables, fresh and dried fruits (1 teaspoon of sugar = 4.2 g; 1 ounce = 1/16 pound, 28.349 g).
* p < 0.001.

** p < 0.01 between all NAFLD and controls.
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4. Discussion

The results of this study clearly indicate that NAFLD
patients with or without metabolic syndrome consume
more soft drinks compared to healthy controls. More-
over, this study indicates that soft drink consumption
is a strong predictor of fatty liver (OR: 2.0; p < 0.04)
independent of metabolic syndrome and CRP levels.
The underlying mechanism remains unknown.

Soft drinks constitute the leading cause of added
sugar in the diet [15]. Individuals who drank more soft
drinks tended to be sedentary, to eat less fiber and dairy,
to have greater intake of saturated fat and transfat, and
to eat a higher-calorie diet (additional 150–300 kcal/
day) that included more fructose and caramel [16].
These complexes of sugars and colorings may promote
insulin resistance, lipid per oxidation, glycation end
products, and hepatic inflammation [17–19]. One study
of lean women found that 4 days of overfeeding with
sucrose (glucose plus fructose) drink increased de novo
lipogenesis by 200–300% [20]. Another feeding study
showed that 2 days of high-fructose intake (30% of kilo-

calories per day, consumed as a sweetened beverage at
every meal) resulted in decreased postprandial glucose
concentration and insulin response and prolonged ali-
mentary lipemia in women [21]. A very recent clinical
study indicates that NAFLD patients have a higher
intake of soft drinks and meat and a tendency toward
lower intake of fish rich in omega-3 [22].

Additional evidence that fructose can cause steato-
hepatitis is that hepatic messenger RNA expression of
fructokinase was increased [23]. Fructokinase is an
important enzyme for fructose metabolism and fatty
acid synthase, which is an important enzyme for lipo-
genesis. Fructose can also increase triglyceride levels,
de novo synthesis of fatty acids, hyperuricemia, hyperf-
erritinemia, and insulin resistance [22,24,25].

Fructose, especially HFCS, is now used extensively in
carbonated beverages and other sweetened drinks,
baked goods, candies, canned fruits, soda, jams, jellies,
and dairy products [26]. Absorption of fructose in the
small bowel is transported via the portal vein to the
liver, where it is metabolized by fructokinase to fruc-
tose-1-phosphate. This molecule is cleaved by aldolase
to form glycerone phosphate and glyceraldehydes 3-
phosphate, both of which can be further metabolized

Table 3
Multivariate model for prediction of fatty liver in patients with or without metabolic syndrome.

OR* 95% CI p

Soft drink consumption 2.0 1–5 0.03
Triglyceride (mg/dL) 0.5 0.8–1.1 0.7
HOMA 0.7 1–1.1 0.8
CRP (mg/dL) 0.5 0.8–0.9 0.4
MDA (lmol/L) 0.1 1–3 0.9
Ferritin (lg/L) 0.7 0.9–1 0.8
Paraoxonase (mM/min) 0.4 0.7–0.9 0.2
Metabolic syndrome 1.5 0.9–4 0.05

Abbreviations: CI, confidence interval; CRP, C-reactive protein; HOMA, homeostasis model assessment; MDA, malondialdehyde; OR, odds ratio.
* Adjusted ORs are shown and adjusted for age, sex, smoking habits, physical activity, dietary composition, body mass index, metabolic syndrome,
triglyceride, HOMA, and metabolic biomarkers.
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in the glycolytic pathway [27]. A soft drink containing
32.6 g of fructose could be expected to increase the fast-
ing serum fructose 4-fold; 340 g of cola sweetened with
fructose-55 contains about 40 g of the sweetener (ie,
22 g of fructose and 17 g of glucose), representing a fruc-
tose excess of 5 g per can [18,28]. Fructose affects each of
the three major factors that are believed to contribute to
the pathogenesis of diabetic end organ damage: glyco-
sylation of tissue proteins, intracellular accumulation
of sorbitol, and oxidative stress [4].

The association between consumption of beverages
sweetened with sugars such as HFCS and risk of diabe-
tes has been established by Schulze et al. [18]. From our
study, it seems that not only fructose is important: 47%
of our cohort was drinking fruit juices containing cara-
mel and 40% of those drinking cola (21% of all NAFLD
patients) had diet cola containing aspartame. The effect
of caramel and aspartame has been involved in elevated
liver enzymes and in metabolic syndrome and may be a
potential source of advanced glycation end product [28],
which may promote insulin resistance and can be proin-
flammatory [5,18,19,29]. This effect is a new element to
consider in patients with NAFLD, but we cannot draw
any conclusions about diet soft drinks and the role of
aspartame or caramel in the pathogenesis of NAFLD.

When controlled for other factors including dietary
composition and physical activity, soft drink intake
was the only independent variable that predicted the
presence of fatty liver. This factor remains significant
after adjustment for CRP levels and metabolic syn-
drome. Vartanian et al. showed clear associations of soft
drink intake with diabetes and metabolic syndrome [30].
Although we still do not know the most common soft
drink coingestants that induce fatty liver, fructose and
caramel constituents may have a role. These coingestants
might also increase risk of fatty liver because of their
high amounts of rapid absorbable carbohydrate [18].
They contain large amounts of HFCS, which has a sim-
ilar effect on blood glucose as sucrose [31]; therefore,
consumption of sugar-sweetened soft drinks induces a
fast and dramatic increase in glucose, triglyceride, and
insulin concentration [32]. Additionally, cola-type soft
drink caramel coloring, which is rich in advanced glyca-
tion end products, may increase insulin resistance and
inflammation [29,33]. The US Food and Drug Adminis-
tration have established 200 mg of caramel per kilogram
of body weight as an acceptable daily intake.

Oxidative stress may influence the risk of NAFLD,
but there was no significant difference in pro-oxidant
and antioxidant markers between patients with NAFLD
and controls. Systemic inflammation may account for
increased steatohepatitis. Recently, it has been shown
that patients with elevated CRP who receive rosovusta-
tin had a 48% reduction in stroke, a 46% reduction in
the need for intervention to reopen blocked blood ves-
sels, and a 20% drop in all cause mortality. The increase

in CRP or in tumor necrosis factor-alpha is key to the
control of metabolism and inflammation [34]. Our study
showed no significant difference in CRP levels between
fatty liver with or without metabolic syndrome com-
pared to controls.

The strength of the study includes the good selection
of healthy controls from the community and the adjust-
ment for potential confounders. Some limitations, how-
ever, merit comment. It cannot be excluded that other
covariants present in food or some dietary habits (e.g.,
having a carbonated beverage facilitates the intake of
fatty food like pizza) play a role in the observed relation
between soft drink beverage intake and hepatic steatosis.
The second limitation is that dietary and physical activ-
ity information was obtained through a self-reported
questionnaire, which may be subject to underreporting
and interviewer bias [35]. The rationale behind this
choice is compliance, ethnic background, and the socio-
cultural homogeneity of the population studied. Tradi-
tional habits in cooking practices are quite similar
throughout the region and tend to persist in descendents
[36]. Finally, increased soft drink consumption would
increase total energy intake by increased appetite and
increased fat intake; however, in our study population,
the increase in soft drink did not increase energy intake.
The reason for that is unknown. One explanation is that
patients with NAFLD, with low education levels, or
who are overweight underreport energy intake in dietary
self-reports (especially men; women are typically more
conscious of serving sizes than men) [37]. This may bias
dietary interpretation. It also has been shown that when
the nutrient values are energy adjusted or are expressed
as percentages of energy intake, the effect of underre-
porting is minimized [38].

In conclusion, NAFLD patients have a higher preva-
lence of soft drink consumption independent of meta-
bolic syndrome diagnosis. This study may add
important insight into the role of sugar-sweetened bev-
erages as a cause of metabolic syndrome in those both
with or without risk factors.
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