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Introduction 
The increase in overweight, type-2
diabetes mellitus and dyslipidemia
has reached epidemic proportions.
Closely associated with it is the de-
velopment of non-alcoholic fatty

liver disease (NAFLD) [1]. NAFLD is
increasingly being recognized as a se-
rious health problem, especially in
Western industrial nations [1–3].
The spectrum of NAFLD extends
from simple deposits of fat in the
liver to non-alcoholic steatohepatitis
(NASH), fibrosis and, ultimately, cir-
rhosis [1–3]. In simple steatosis, his-
tology reveals triglyceride-contain-
ing fat vesicles within the hepatic
parenchyma; NASH, by contrast, is
characterized by inflammatory infil-
trates and cell destruction. In cirrho-
sis, scar tissue replaces the degener-
ated hepatic parenchyma [2]. 

Soft drinks are defined as non-alco-
holic carbonated beverages sweet-
ened either with non-caloric sweet-

eners such as aspartame (“diet soft
drinks”) or with sugar, especially
fructose (“regular soft drinks”). Since
the 1960s, high-fructose corn syrup
(HFCS) which contains a high per-
centage of fructose (HFCS-42 and
HCFS-55 with 42 % and 55 % of
fructose, respectively), has been used
as a sweetener [4]. Because it is inex-
pensive to produce, HFCS is widely
used in manufacturing soft drinks
[5, 6]. It is, therefore, not surprising
that the consumption of fructose
has climbed by 25–30 % over the
past three decades [5]. Over the past
fifty years, the per capita consump-
tion of soft drinks has grown by
nearly 500 % in the USA [7].

Soft drink consumption is considered
a risk factor for obesity, especially in
adolescents [7, 8]. Alimentary fruc-
tose reaches the liver where, thanks
to a specific enzyme, the regulation
of glycolysis is evaded: as a result,
there is an uncontrolled synthesis
and accumulation of substrates used
for triglyceride production and stim-
ulation of de novo lipogenesis in the
liver [6]. 

Because of the high lipogenicity and
energy content of fructose, a corre-
lation between soft drink consump-
tion and the development of hepatic
steatosis has also been suspected [5,
8]. Ultrasonography is a non-inva-
sive diagnostic method for assessing
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the presence of NAFLD with a sensi-
tivity of 60–94 % and a specificity of
73–93 % [1, 3]. 

Study objective

The objective of the present study
was to investigate the correlation be-
tween the prevalence of hepatic and
consumption of soft drinks and
other metabolic parameters in a ran-
domly selected urban population-
based sample.

Material and Methods
Study population/Participation
rate

During the period of 4 November
2002 to 7 December 2002 a total of
4,000 inhabitants aged 10–65 years
randomly selected from the popula-
tion of a town in the southeastern
part of the State of Baden-Württem-
berg, Germany were invited to par-
ticipate in an epidemiological survey.
Of these, 107 were excluded due to
lack of current mailing address or
other reasons. A total 2,445 subjects
ultimately participated in the study,
corresponding to a participation rate
of 62.8 % [9].

In order to better assess the effect of
soft drink consumption on the
prevalence of hepatic steatosis, sub-
jects with known or suspected hep-
atitis B or C (n = 31), known he-
mochromatosis (n = 1), elevated al-
cohol consumption (n = 240), and
subjects less than 18 years of age (n
= 258) were excluded from the
study collective. Also excluded were
subjects with incomplete data. Thus,
data from a total 1,435 subjects was
included in the statistical analysis. 

The study proposal was approved by
the ethics commission of the State
Medical Board of Baden-Württem-
berg and was conducted according to
the guidelines of the Helsinki Decla-
ration. All subjects gave their writ-
ten informed consent to participa-
tion in the study [9].

Interview and anthropometric
data 

Subjects’ historical data was docu-
mented using a questionnaire. Sub-
jects were requested to quantify their
frequency of consuming sweets, caf-
feinated beverages (e. g. cola bever-
ages) and coffee according to “several
times daily”, “daily”, “several times
per week”, “several times per
month”, and “rarely/never”. For cof-
fee, subjects were asked to quantify
the number of cups consumed ac-
cording to “1–3 cups daily”, and 
“> 3 cups daily” and whether sub-
jects preferred their coffee with or
without cream [9]. With respect to
beverages consumed in social situa-
tions, subjects were presented the
choice of “alcoholic beverages”,
“juice”, “water”, “coffee/tea”, “soft
drinks”, and “other”. Body height,
body weight and waist-to-hip ratio
(WHR) were documented according
to WHO recommendations [10].
Men and women were assigned to
common BMI classes. Normal
weight, overweight and obesity cor-
responded to BMI levels of 18.5–
25 kg/m2, 25–30 kg/m2 and > 30
kg/m2, respectively [9].

Ultrasonographic examination
and hepatic steatosis

Ultrasonographic examinations were
performed using four identical HDI
5000 units (ATL Ultrasound, Philips
Medical Systems, Bothell, WA, USA)
[9]. Criteria applied to interpretation
of ultrasonographic liver findings
were ability to assess parenchymal
structure (“good”, “poor”, “only in-
tercostal”), presence of normal
echogenic parenchyma (“yes/no”),
liver size (largest craniocaudal dia -
meter in millimeters in the right
medioclavicular line). The diagnosis
of hepatic steatosis was made ac-
cording to the criteria of HAMAGUCHI

[3] and SAVERYMUTTU [11], which are
based on comparison with the renal
and hepatic parenchyma. The sever-

ity of steatosis was rated according
to “no steatosis”, “grade I steatosis
(mild)”, “grade II steatosis (moder-
ate)”, and “grade III steatosis (se-
vere)”.

Laboratory testing

About 25 ml of whole blood was ob-
tained from each study participant
through the cubital vein. Serum
iron, transferrin, triglycerides, glu-
cose, cholesterol, HDL, AP, AST, ALT
and GGT concentrations were deter-
mined using a Dimension XL (Dade
Behring Inc., Newark, DE 19714,
USA) [9]. A blood count was per-
formed using a fully automated
hematological analysis unit (CellDyn
3500, Abbott), while a AIA-21 im-
munological analysis unit (TOSOH
BIOSCIENCE) provided data on fer-
ritin and the soluble transferritin re-
ceptor. Regular precision controls
were performed to assure proper
functioning of all units.

Statistical analysis 

Statistical calculations were per-
formed using the SAS 9.2 statistics
software (SAS Institute Inc., Cary,
North Carolina, USA). Data were
first analyzed descriptively. Median
and standard deviation were deter-
mined for constant values. Categor-
ical data were presented with ab-
solute and relative frequencies. In
order to detect differences between
consumers and non-consumers of
soft drinks, the Wilcoxon rank-sum
test was used for constant variables,
while, for categorical
variables, the χ² test or,
when the number of
cases was too small,
FISHER’S exact test were
used. Bivariate logistical
regression was used to
test a potential correla-
tion between hepatic
steatosis and soft drink
consumption and other
potential factors. Vari-
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ables that showed an association in
the bivariate analysis were included
in the multivariate logistical regres-
sion analysis. All tests were two-
tailed. Statistical significance was set
at α = 5 %.

Results 

The collective showed an average age
of 42.3 ± 12.8 years and consisted
of 54.6 % (n = 783) women and
45.4 % (n = 652) men. Ultrasono-

graphic examination revealed evi-
dence of hepatic steatosis in 26.1 %
(n = 374) of subjects, among whom
there was a predominance of males
(p < 0.0001; 61.0 % men vs. 39.0 %
women). 

Table 1: Demographics and other characteristics of subjects with and without hepatic steatosis

Hepatic steatosis Hepatic steatosis
not diagnosed diagnosed

Mean ± SD Mean ± SD p

Demographics
age 39.9 ± 12.4 49.0 ± 11.5 < 0.0001
BMI 24.1 ± 3.8 29.7 ± 4.7 < 0.0001
WHR 0.8 ± 0.7 0.9 ± 0.7 < 0.0001

Laboratory findings
ALT (U/l) 13.3 ± 5.6 20.1 ± 10.7 < 0.0001
AST (U/l) 8.9 ± 2.4 11.0 ± 5.2 < 0.0001
GGT (U/l) 11.1 ± 11.3 19.2 ± 20.5 < 0.0001
AP (U/l) 80.0 ± 22.8 87.6 ± 22.5 < 0.0001
cholesterol (mmol/l) 5.4 ± 1.0 5.8 ± 1.1 < 0.0001
LDL (mmol/l) 3.2 ± 0.9 3.5 ± 1.0 < 0.0001
HDL (mmol/l) 1.6 ± 0.4 1.4 ± 0.4 < 0.0001
triglycerides (mmol/l) 1.3 ± 0.7 2.0 ± 1.0 < 0.0001
iron (µmol/l) 12.5 ± 6.3 12.0 ± 5.5 0.4221
CRP (mg/l) 2.2 ± 4.9 3.2 ± 4.7 < 0.0001
albumin (mg/l) 41.7 ± 4.3 41.3 ± 4.4 0.2181
fibrinogen (g/l) 3.1 ± 0.7 3.4 ± 0.8 < 0.0001
coeruloplasmin (g/l) 0.3 ± 0.1 0.3 ± 0.1 < 0.0001

Historical data n (%) n (%)
soft drink consumption

daily 39 (3.7) 10 (2.7) 0.3715
serveral times per week 87 (8.2) 27 (7.2)

serveral times per month 103 (9.7) 32 (8.6)
rarely/never 832 (78.4) 305 (81.6)

coffee
serveral times daily 203 (19.1) 70 (18.7) 0.0314

daily 583 (55.0) 233 (62.3)
serveral times per week 88 (8.3) 26 (7.0)

serveral times per month 45 (4.2) 6 (1.6)
rarely/never 142 (13.4) 39 (10.4)

sweets
serveral times daily 57 (5.4) 11 (2.9) < 0.0001

daily 313 (29.5) 76 (20.3)
serveral times per week 345 (32.5) 136 (36.7)

serveral times per month 200 (18.9) 72 (19.3)
rarely/never 146 (13.8) 79 (21.1)

diabetes mellitus
no 1049 (98.9) 353 (94.4) < 0.0001
yes 12 (1.1) 21 (5.6)

hypertension
no 953 (89.8) 268 (71.7) < 0.0001
yes 108 (10.2) 106 (28.3)

metabolic syndrome
no 1040 (98.0) 312 (83.4) < 0.0001
yes 21 (2.0) 62 (16.6)

ALT: Alanine transaminase; AP: Alkaline phosphatase; AST: Aspartate transaminase; BMI: body-mass index; CRP: C-reactive protein; GGT: Gamma-glutamyltransferase;
HDL: high-density lipoprotein; LDL: low-density lipoprotein; SD: standard deviation; WHR: waist-to-hip ratio



Factors associated with hepatic
steatosis included greater age (p <
0.0001), elevated BMI and WHR (p <
0.0001), concomitant diabetes melli-
tus, hypertension and metabolic syn-
drome (p < 0.0001; � Table 1). 

In the overall collective, 20.8 % (n =
298) reported consumption of soft
drinks; of these, 23.1 % were diag-
nosed with hepatic steatosis (n = 69).
The average age of soft drink con-
sumers was significantly lower than
the average age of those who re-
ported never or only rarely consum-
ing soft drinks (p < 0.0001). Young
adults report the highest consump-
tion of soft drinks; this consumption
then declines with increasing age, and
experiences a drastic drop around age
40 years (� Figure 1). 

Among both sexes, soft drink con-
sumption is reported by most re-
spondents as “rarely/never”; still,
there is a significant gender differ-
ence among consumers, with males
predominating (� Figure 2). The av-
erage BMI figures for those report-
ing soft drink consumption differ
only slightly and non-significantly
from those of non-consumers (p =
0.9399). Values for WHR show no
correlation to subjects’ soft drink
consumption (p = 0.2375). 

The bivariate analysis revealed no
significant association between soft
drink consumption and an increased
prevalence of hepatic steatosis. For
males, however, a 2.4-fold increased
risk of developing hepatic steatosis
was identified. Factors such as ad-
vancing age, high BMI and WHR,
and disorders such as diabetes melli-
tus, metabolic syndrome and hyper-
tension also showed a significant as-
sociation with the development of
hepatic steatosis (� Table 2). 

Considering the effect of soft drink
consumption in a subgroup of indi-
viduals below 40 years, the results
show also no significant association
between soft drink consumption and
hepatic steatosis for each age group
(age 18–25, p = 0.7980; age 26–30,

p = 0.6886; age 31–35, p = 0.8418;
age 36–40, p = 0.0714). 

Multivariate analysis confirmed a
significant correlation between he-
patic steatosis and sex, age, BMI and
WHR. No significant association be-
tween consumption of sweets and
soft drinks and hepatic steatosis was
observed (� Table 3).

Discussion

In comparison with the relatively
small collectives in the few available

studies, which frequently were char-
acterized by a predominance of
males and attempted to study he-
patic steatosis in patients treated in
outpatient departments of hepatol-
ogy or hospitals [8, 12], our collec-
tive consisted of 1,435 subjects
(women, 54.6 %, n = 783; men,
45.4 %, n = 652; aged 18–65 years).
Studies to date have revealed that
men generally consume more soft
drinks than do women [13]. The
majority of current studies examined
a variety of questions such as the re-
lationship between weight gain and

�
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Figure 1: Soft drink consumption of the study participants by age
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Figure 2: Soft drink consumption of the study participants by sex
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soft drink consumption [14], soft
drinks and childhood obesity [7], and
soft drinks and general health [15].
Investigations into the prevalence of
hepatic steatosis primarily focused
on establishing an association with
nutrition [16] and fructose con-
sumption [17]. To our know ledge,
the present study is the first to in-
vestigate the association between he-
patic steatosis and soft drink con-
sumption in a randomly selected
population sample in Germany.
Corresponding to the findings of
other population-based surveys, the
prevalence of hepatic steatosis in the
present study was 26.2 % [1, 16]. Of
subjects with the sonographic diag-
nosis of hepatic steatosis, 18.4 % re-

ported regular soft drink consump-
tion (n = 69), compared with 21.6 %
in those without evidence of steato-
sis. Neither the bivariate nor multi-
variate analysis revealed a significant
correlation between soft drink con-
sumption and an increased preva-
lence of hepatic steatosis. 
Because soft drink consumption
continues to rise in young adulthood
and experiences a drastic drop
around the age of 40 years, our av-
erage age does not fall within the age
group with the highest consumption
of soft drinks [18]. Data of the Na-
tional Consumption Study II (NVS
II) also show that males aged 14–18
years report the highest consump-
tion of soft drinks [19].

Compared with our study, which
consisted of a single survey and ex-
amination, other studies have in-
cluded longer observation periods,
such as 1.5 years [5] or two periods
of seven days over six months [12].
Seasonal differences with higher soft
drink consumption in the summer
and lower consumption in the win-
ter may have impacted the findings
of ASSY et al. [8], ABID et al. [12] and
our own data collected in late
fall/early winter in different ways. 

The impact of age on the develop-
ment of hepatic steatosis was
demonstrated in both bi- and multi-
variate analyses. Other studies have
also shown that NAFLD is age-de-
pendent and occurs less frequently in
younger years [1]. For example,
KUHLA et al. have shown that, with
increasing age, the balance between
lipolysis and lipogenesis shifts to-
ward the latter, which may explain
the increased prevalence of NAFLD
among older persons [20]. Other
studies confirm our findings of an
age-dependent pattern of soft drink
consumption, with a maximum in
younger years and a decline with age
[13, 18].

Both bi- and multivariate analysis
revealed a significant association be-
tween elevated BMI and WHR and an
increased risk of hepatic steatosis.
However, as borne out by findings of
BERKEY et al. [21], there was no sig-
nificant effect of soft drink con-
sumption on BMI.

A possible explanation for the low
soft drink consumption in our study
collective may relate to the site of the
survey which, based on its geo-
graphical situation and number of
inhabitants, could be described as
more rural in nature. Other studies
have found differences between
urban and rural populations in
terms of nutrition, with and in-
creased consumption of soft drinks
and fast food [22] and of sugar, fat
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Table 2: Bivariate association between hepatic steatosis and other 
variables

OR (95-%-Cl) p

sex
female ref. ref.

male 2.346 (1.843–2.987) < 0.0001

age (years)
18–30 ref. ref.
31–40 2.879 (1.668–4.967) < 0.0001
41–50 3.632 (2.113–6.245) < 0.0001
51–65 10.414 (6.230–17.407) < 0.0001

BMI (m²/kg)
< 25 ref. ref.

25–30 10.224 (7.070–14.784) < 0.0001
> 30 35.721 (23.441–54.435) < 0.0001

WHR
normal ref. ref.

elevated 7.271 (5.501–9.610) < 0.0001

soft drink consumption
daily 0.700 (0.345–1.419) 0.3219

several times/week 0.847 (0.539–1.329) 0.4695
several times/month 0.847 (0.558–1.287) 0.4376

rarely/never ref. ref.

metabolic syndrome
no ref. ref.
yes 9.835 (5.902–16.390) < 0.0001

hypertension
no ref. ref.
yes 3.490 (2.585–4.713) < 0.0001

diabetes
no ref. ref.
yes 5.200 (2.533–10.677) < 0.0001

95–%–CI = 95 %–confidence interval; BMI: body–mass index, OR = Odds Ratio; ref. = reference group;
WHR: waist–to–hip ratio
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and calories [23]. Rural populations
tend to consume increased amounts
of milk, fish and vegetables [22]. As
these studies were conducted in
Croatia and Pakistan, however, their
findings may be difficult to apply to
conditions in Germany. Traditional
nutrition low in fast food [24],
healthier eating [25] and generally
healthier behaviors with three meals
per day, adequate sleep and avoid-
ance of excessive alcohol consump-
tion [26] have been found in other
studies to characterize rural life.

A strength of the present prospec-
tively conducted cross-sectional
study consists in its population rep-
resentativeness: all subjects were
randomly selected and all age classes
from 10 to 65 years were included.
In addition, the large number of par-
ticipants and the balanced represen-

tation of men and women contribute
to the importance of the study. 
A weakness of the study with re-
spect to soft drinks is that subjects
were questioned regarding their fre-
quency of soft drink consumption
but the amount consumed in liters
was not assessed. Also, there was no
attempt to differentiate between diet
and regular soft drinks or between
different brands or manufacturers
with different sugar contents. In ad-
dition, the fact that the study was
conducted in the autumn and win-
ter months may have impacted the
study’s findings secondary to a sea-
sonal drop in soft drink consump-
tion. A further weakness of our
study relates to the low number of
children, adolescents and young
adults in the study collective. Soft
drink consumption is highest in
these groups; overweight in older

subjects is not due to increased soft
drink consumption.
Liver biopsy represents the gold
standard for diagnosis of NAFLD,
but this procedure was not suitable
on both ethical and practical
grounds for use in a population-
based cross-sectional study [1].

Outlook

In conclusion, the findings of the
present study show that the con-
sumption of soft drinks is not asso-
ciated with an increased prevalence
of hepatic steatosis. The majority of
subjects with and without the diag-
nosis of hepatic steatosis reported
drinking soft drinks either rarely or
never. Soft drinks are most fre-
quently consumed by younger per-
sons and become much less impor-
tant beginning around the age of 40
years [18, 19]. Further prospective
studies exactly quantifying the
amount, frequency and type of con-
sumed soft drinks will be required in
order to better assess whether and, if
so, to what degree soft drink con-
sumption can be implicated in the
development or prevalence of hepatic
steatosis.

Dr. med. dent. Christina Hofmeister1*, 
Dr. med. Mark Martin Haenle1*,
Dr. med. Atilla Serif Akinli1*, 
B. Sc. Suemeyra Oeztuerk1*, 
Prof. Dr. med. Bernhard Otto Boehm1*, 
Dr. med. Richard Andrew Mason2*, 
Prof. Dr. med. Wolfgang Kratzer1*
and the EMIL-Study group

1Department of Internal Medicine I
Center for Internal Medicine
University Medical Center Ulm
Albert-Einstein-Allee 23
89081 Ulm, Germany

2Louis Stokes Cleveland Department of Veterans
Affairs Medical Center
10700 East Boulevard, Cleveland, Ohio 44106,
USA

Conflict of Interest
The authors declare no conflict of interest ac-
cording to the guidelines of the International
Committee of Medical Journal Editors.

Table 3: Multivariate association between hepatic steatosis and other 
variables

OR (95-%-Cl) p

sex
female ref. ref.

male 2.558 (1.873–3.493) < 0.0001

age (years)
18–30 ref. ref.
31–40 1.955 (1.035–3.694) 0.0390
41–50 2.493 (1.305–4.763) 0.0057
51–65 4.842 (2.585–9.068) < 0.0001

BMI (m²/kg)
< 25 ref. ref. 

25–30 6.109 (4.116–9.067) < 0.0001
> 30 20.797 (13.150–32.891) < 0.0001

WHR
normal ref. ref.

elevated 2.861 (1.914–3.757) < 0.0001

sweets
daily 0.826 (0.524–1.304) 0.4118

several times/week 0.823 (0.535–1.266) 0.3760
several times/month 0.721 (0.442–1.176) 0.1903

rarely/never ref. ref.

softdrinks
daily 0.578 (0.238–1.401) 0.2248

several times/week 1.171 (0.638–2.149) 0.6098
several times/month 0.984 (0.578–1.674) 0.9523

rarely/never ref. ref.

95–%–CI = 95 %–confidence interval; BM = body–mass–index; OR = Odds Ratio; ref. = reference group;
WHR = waist–to–hip–ratio
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