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In the Western world, a trend towards increased consumption of carbonated soft drinks combined with a decreasing intake of milk is observed.

This may affect circulating insulin-like growth factor I (IGF-I) and fasting insulin, as seen in pre-pubertal children. The present study was designed

to reflect the trend of replacing milk with carbonated beverages in young men and to study the effects of this replacement on IGF-I, IGF-binding

protein 3 (IGFBP-3), IGF-I:IGFBP-3 and glucose–insulin metabolism. A randomised, controlled crossover intervention study, in which eleven

men aged 22–29 years were given a low-Ca diet in two 10 d periods with 10 d washout in between. In one period, they drank 2·5 litres of

Coca Colaw per day and the other period 2·5 litres of semi-skimmed milk. Serum IGF-I, IGFBP-3 (RIA), insulin (fluoro immunoassay) and glucose

(Cobas) were determined at baseline and end point of each intervention period. Insulin resistance and b-cell function were calculated with the

homeostasis model assessment. A decrease in serum IGF-I was observed in the cola period compared with the milk period (P,0·05). No effects

of treatment were observed on IGFBP-3, IGF-I:IGFBP-3, insulin, glucose, insulin resistance or b-cell function. The present study demonstrates

that high intake of cola over a 10 d period decreases total IGF-I compared with a high intake of milk, with no effect on glucose–insulin metabolism

in adult men. It is unknown whether this is a transient phenomenon or whether it has long-term consequences.

Milk: Cola: Insulin-like growth factor I: Insulin-like growth factor-binding protein 3: Insulin: Insulin resistance: Homeostasis model
assessment

The family of insulin-like growth factors (IGF; insulin, IGF-I
and II) is an important regulator of linear growth(1,2). In
addition, both IGF-I and insulin might be related to certain
cancer forms(3 – 7) and other non-communicable diseases(8)

with high levels of circulating IGF-I associated to higher
risk of some cancers, and low levels of circulating IGF-I
associated with higher risk of CVD, type 2 diabetes, osteo-
porosis and cognitive decline.

Circulating IGF-I is, to some degree, regulated by nutri-
tional intakes(9). Milk seems to contain some growth factors
that stimulate IGF. We have seen increased concentrations
of both IGF-I and IGF-binding protein 3 (IGFBP-3), the
molar ratio of IGF-I:IGFBP-3 in pre-pubertal boys after a
1-week intervention with milk and not meat(10). Also fasting
insulin and insulin resistance as calculated using the homeo-
stasis model assessment from fasting levels of glucose and
insulin were significantly increased in the intervention
group with milk, but not with meat(11). However, the dietary
effect on the fasting concentrations of these growth factors

may differ between boys with a rapid growth velocity and
adult men, in whom linear growth has ceased. Whether
milk also influences the fasting concentrations of these
growth factors in adults, in whom linear growth has
ceased, is unknown, since no intervention studies exploring
this in adults has been reported to our knowledge. However,
several observational studies have reported positive associ-
ation between milk intake and circulating IGF-I in
adults(12 – 15).

In the Western world, the trend in food consumption is pre-
sently moving towards a reduced milk intake coinciding with
an increased consumption of soft drinks(16 – 18), of which the
most popular are cola beverages.

The objective of this intervention study was primarily to
examine the effect of replacing milk with carbonated beve-
rages on markers of bone turnover in a group of young
men(19). The effects on IGF-I, IGFBP-3 and the molar ratio
of IGF-I:IGFBP-3, and on the glucose–insulin metabolism
were also investigated and are presented here.
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Experimental methods

Design

As previously described(19), eleven healthy men participated in
a 30 d randomised controlled intervention study. The experi-
ment was arranged in a crossover design with two 10 d experi-
mental periods with 10 d washout in between, in which the
subjects consumed their habitual diet. In the two experimental
periods, subjects were randomised to consume a strictly
controlled diet and either 2·5 litres of Coca Colaw or semi-
skimmed milk per day. The study was approved by the
Municipal Ethics Committee for Copenhagen and Frederiksberg
(KF 01-238/98).

Subjects

Subjects were healthy, Caucasian males aged 22–29 years, all
university students. Smoking subjects or subjects who were
physically active more than 10 h per week, had taken dietary
supplements or donated blood within the past 3 months were
excluded from the study. Physical examination included
measurement of height and weight.

Diets

Subjects were given the same diet in the two intervention
periods in addition to the 2·5 litres of cola or milk, and all
foods and drinks were provided and served by the department.
The basic diet consisted of ordinary Danish food items
(Table 1). Two different lunch meals and three different
dinner meals were served in the same order during the two
intervention periods in the study; breakfast and snack meals
were the same every day. The subjects were instructed to
consume a minimum of 1·5 litres of the provided cola or
milk in combination with meals. Mineral water was provided
ad libitum. Energy content of individual diets was adjusted
according to the height, weight and physical activity of each
subject to 9–14 MJ/d. If subjects were hungry, the energy
level was adjusted by adding bread equivalent to either 0·5
or 1·0 MJ from the second day of the first intervention
period. The energy content of cola and semi-skimmed milk
is the same and provided 4 MJ/d. Thus, individual energy
intake was identical in the two periods, with total energy
intake ranging from 13 to 18 MJ/d. To ensure compliance,
the lunch meals were served at the institute on all weekdays,
and researchers maintained daily contact with each subject
when handing out the food and drinks for consumption at

home. All subjects completed the two intervention periods.
Self-recordings of daily mineral water consumption as well
as cases of illness and use of medication were collected
after each experimental period.

Analytical procedures

Blood was drawn from a vein puncture in the arm after an
overnight fast between 08.00 and 09.30 hours in the morning
on the first and after the last days of each experimental
period. Serum was stored at 2208C until analysed. Serum
IGF-I was determined by RIA(20). Details regarding determi-
nation of IGF-I have been presented previously(1). IGFBP-3
was determined by a RIA(21). Reagents for the assay were
obtained from Mediagnost GmbH (Tübingen, Germany).
Details regarding the determination of IGFBP-3 have been
presented previously(22). We used the following equivalents
for conversion: 1 ng/ml IGF-I ¼ 0·130 nM IGF-I and 1 ng/ml
IGFBP-3 ¼ 0·036 nM IGFBP-3 in order to express the molar
ratio of IGF-1:IGFBP-3. Serum insulin was determined
with a solid-phase two-site fluoroimmunometric assay
(AutoDELFIA, PerkinElmer, Turku, Finland) and serum
glucose was determined spectrophotometrically at 340 nm
(COBAS MIRA Plus, Roche Diagnostics System, Basel,
Switzerland). Homeostasis model assessment index of insulin
resistance and b-cell function(23) was calculated: insulin
resistance ¼ glucose £ insulin/135, and b-cell function ¼

3 1
3
£ insulin/(glucose 2 3·5), where glucose is in mmol/l and

insulin is in pmol/l.

Statistical analysis

Statistical analyses were performed with Statistical Analysis
System software package, version 9.1 (SAS Institute Inc.,
Cary, NC, USA). Data were controlled for homogeneity of
variance, verified by residual plot, and the changes from base-
line to end point were analysed by paired t test. Subject
characteristics are presented as medians (range) and results
are presented as least-square mean values with their standard
errors of estimate.

A mixed model analysis was performed using the MIXED
procedure (proc mixed). First, it was investigated whether
baseline concentrations of the biochemical markers (IGF-I,
IGFBP-3, IGF-I:IGFBP-3, insulin, glucose, insulin resistance
and b-cell function) differed between the two periods using
a mixed linear model, where the effect of treatment, period
and their interaction were modelled as class variables and

Table 1. The basic diet used in both experimental periods consisted of ordinary low-Ca foods providing 9–14 MJ/d
depending on the estimated energy requirement of the subjects

Breakfast Carrot bread with butter and raspberry jam (10 d)
Lunch Coarse-wheat-grained bread, butter, salami, roast beef and tomatoes (5 d) or

Coarse-wheat-grained bread, butter, liver pâté, smoked turkey and cucumber (5 d)
Dinner Pasta Bolognese (4 d) or

Rice with goulash (3 d) or
Risotto (3 d)

Snack Apples, digestive biscuits, wine gum (10 d)

The meals were served in the same order in both intervention periods. The number of times the meal was served during a 10 d
intervention period is listed in brackets. The department provided all foods and beverages, including mineral water.
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subject as a random variable. Hereafter, the effect of treatment
on end point concentrations was investigated using a mixed
linear model. Denoting the ith observation (1,2,. . .,n), the
effect of treatment (milk or cola) and period (1 or 2) and
their interaction were modelled as a class variable, baseline
level of the respective variable was included in the model as
a covariate, resulting in the model:

Yijk ¼ aðtreatmentijÞ þ b £ baselineik þ g ðperiodikÞ

þ n ðtreatmentij £ periodikÞ þ h ðsubjectiÞ þ 1ijk;

where subject h (subjecti) are independently distributed
subject-specific random effects (approximately N(0,s 2

h )) and
1ijk are independently distributed random variables (approxi-
mately N(0,s 2)). If there were no significant treatment by
period interaction, the interaction of the model was omitted.
P,0·05 was considered statistically significant.

Results

No deviations from the study design were reported. Baseline
anthropometrical and biochemical subject characteristics are
presented in Table 2.

There were no differences between baseline concentrations
for any of the biochemical end points, and as no treatment by
period interactions were observed for any of the dependent vari-
ables, the interaction term of the model was omitted. The
responses to 10 d intervention with 2·5 litres milk or cola,
respectively, are shown in Table 3. Concentrations of IGF-I,
IGFBP-3 and molar ratio of IGF-I:IGFBP-3 increased slightly
after the intervention with milk, and decreased after the inter-
vention with cola compared with baseline levels, but non-sig-
nificantly. The concentrations of fasting insulin and glucose as
well as insulin resistance and b-cell function were decreased
after both interventions, with only the decreased fasting glucose
concentration after cola intervention being significant
(P,0·001) resulting in a tendency towards decreased insulin
resistance compared with baseline (P¼0·062).

The effect of treatment (milk v. cola) was significant only
for IGF-I (P¼0·05; Table 3). No significant differences in
changes between the two intervention periods were observed
in serum concentrations of IGFBP-3, IGF-I:IGFBP-3, insulin,
glucose, insulin resistance or b-cell function.

Discussion

The present short-term intervention study demonstrated that
consumption of 2·5 litres cola per day for 10 d caused a
decrease in circulating IGF-I and no changes in fasting insulin
and insulin resistance in comparison with an equal amount of
milk with the same energy content.

The strengths of the present study include the crossover
study design that implies that each subject was his own con-
trol, since all subjects had both interventions in a randomised
order. The diets were identical in the two intervention periods,
and thus the only difference was the replacement of milk with
cola. Also, the fully controlled diet caused the energy intake to
be identical during both intervention periods, which excludes
the possible effect of energy intake on circulating IGF-I(24).

However, the present study also has some limitations. We
have no knowledge of the habitual intake of neither milk
nor cola of the subjects. Therefore, the effect on IGF-I
might be from a decrease in milk intake in the cola period
rather than an effect of an increased cola intake. The
amount of soft drinks varies a great deal among individuals,
and the 2·5 litres of cola consumed in the present study is an
extreme amount, but may reflect intakes seen in a small per-
centage of the population, since high intakes of cola have
been reported previously(16,18). Also, 2·5 litres of milk per
day is a large quantity of milk, which does not reflect the
intake in the general population, although milk consumption
is high in Denmark and other Nordic countries, and a daily
milk intake of approximately 500 ml is common in Denmark
in men of this age group(25). As only little research has been
conducted in this area, we chose to study the extremes as
we only intervened for a short period of time.

Cola contains caffeine, which has been observed both to
contribute(26) and to improve(27,28) insulin resistance and
type 2 diabetes. In the present study, we observed a tendency
towards decreased insulin resistance in the cola period
(P¼0·062). Also, protein intake differed between the two
intervention periods, in that 20 % of energy derived from pro-
tein in the milk period, whereas only 9 % of the energy was
protein derived in the cola period. This may have contributed
to the observed effect on IGF-I, since dietary protein is associ-
ated with circulating IGF-I(29).

Also, the intervention periods lasted only for 10 d, and thus
no long-term conclusions on cola or milk in relation to
glucose–insulin metabolism can be made, since adaptation
might occur over a period longer than 10 d. Young men
were chosen for this intervention in order to obtain a homo-
genous study population and to avoid the possibility for the
menstrual cycle to affect the results if women were included.
Also, bones of males cease to grow at a later stage, thus the
bone metabolism of young males would resemble that of
children more so than bone metabolism in young women.
However, it should be noted that the sexes have different
levels of circulating IGF-I, and thus different results may be
obtained if a different study population was used.

We have previously shown that in 8-year-old boys, a
1-week intervention with 1·5 litres of skimmed milk increased
circulating IGF-I by 19 %, IGF-I:IGFBP-3 by 13 %(10), fasting
insulin by 101 % and insulin resistance by 75 % (P,0·01
for all)(11) with no significant changes after 1 week with a
high meat intake with the same amount of animal protein.

Table 2. Anthropometrical and biochemical characteristics of the
subjects measured at baseline of the first experimental period

(Median values and ranges, n 11)

Median Range

Anthropometrical
Age (years) 24 22–29
Height (m) 1·77 1·73–1·91
Weight (kg) 77·1 63·2–100·4
BMI (kg/m2) 23·9 18·7–27·5

Biochemical
IGF-I (ng/ml) 268 183–360
IGFBP-3 (ng/ml) 3201 2505–4457
Insulin (pmol/l) 23·2 11·4–51·5
Glucose (mmol/l) 4·67 4·25–5·33

IGF-I, insulin-like growth factor I; IGFBP-3, IGF-binding protein 3.
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High levels of IGF-I are associated more or less with non-
communicable diseases such as various cancer forms(3 – 8),
whereas low levels of IGF-I are associated with CVD and type
2 diabetes(30 – 32), osteoporosis(32) and cognitive decline(33,34).

In the study with pre-pubertal boys, the intake of total and
animal proteins was identical in the two intervention groups,
whereas in the present study the protein intake was higher
during the milk intervention than during the cola intervention.
However, in the study with the boys, the energy intake was
higher in the milk group than the meat group, whereas in the
present study, the energy intake was identical during the two
intervention periods. Also, the milk intake in the boys was
equivalent to 51 ml milk per kg body weight, whereas in the
adult men it was 32 ml/kg. Although we cannot exclude that
these differences might contribute to the different findings in
the two studies, it is likely that the growth factors IGF-I and
insulin, and therefore also the IGF-system and the glucose–
insulin metabolism, are stimulated differently by milk in
children during growth than that in adults, whose growth has
ceased. Since a high milk intake did not increase fasting
insulin and insulin resistance in adult men, it is likely that the
potentially worrying finding that increased milk intake elevated
fasting insulin in children might be contributed to the fact that
insulin acts as a growth factor in infants and children.

In conclusion, in comparison with an equal amount of milk
with the same energy content, consumption of 2·5 litres cola
per day for 10 d caused a decrease in circulating IGF-I.
There was no significant effect of milk on IGF-I, IGFBP-3,
insulin, glucose, insulin resistance or b-cell function. This is
in contrast to what is observed in children. Therefore, it is

likely that the nutritional regulation of the growth factors
IGF-I and insulin are regulated differently in children during
linear growth and in adults after cessation of linear growth.
It is unknown whether the effect on IGF-I is caused by an
increased cola intake or a decreased milk intake, and whether
this effect is a transient phenomenon or if it has long-term
consequences.
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