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Association of dietary intake of milk and dairy products with blood
concentrations of insulin-like growth factor 1 (IGF-1) in Bavarian
adults
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Tobias Pischon™?1%1'. Jakob Linseisen?'3 . Katharina Nimptsch'

Abstract

Purpose Circulating IGF-1 concentrations have been associated with higher cancer risk, particularly prostate, breast and
colorectal cancer. There is evidence from observational and intervention studies that milk and dairy products intake is asso-
ciated with higher IGF-1 concentrations, but results were not always consistent. The purpose of this study was to examine
the relationship between dairy intake and circulating IGF-1 concentrations in participants of the Second Bavarian Food
Consumption Survey, thereby providing data for a German population for the first time.

Methods In this cross-sectional study of 526 men and women aged 18-80 years, in contrast to most previous investiga-
tions, dietary intake was assessed with a more detailed instrument than food frequency questionnaires (FFQs), i.e., by three
24-h dietary recalls conducted on random days close in time to the blood collection. Circulating IGF-1 concentrations were
measured in blood samples. Multivariable linear regression models were used to examine the association of dairy intake
with IGF-1 concentrations.

Results Each 400 g increment in daily dairy intake was associated with 16.8 pg/L (95% CI1 6.9, 26.7) higher IGF-1 concen-
trations. Each 200 g increment in milk per day was associated with 10.0 ug/L (95% CI 4.2, 15.8) higher IGF-1. In contrast,
we observed no association between cheese or yogurt intake and IGF-1 concentrations.

Conclusions Our findings are in line with most previous investigations and support the hypothesis that dairy and milk intake
are associated with higher IGF-1 concentrations.
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Introduction

Insulin-like growth factor 1 (IGF-1) is a member of the
IGF family, an evolutionary conserved group of factors
that mediate cell growth, apoptosis and differentiation [1]
thereby exerting long-term effects on growth. Most cir-
culating IGF-1 originates from the liver and is bound to
IGF-binding proteins (IGFBPs). Only approximately 1%
of IGF-1 is circulating as free fraction (free IGF-1) [2].
IGF-1 does not only activate growth, differentiation and
survival in healthy cells, but also in cells with genetic
damage [3, 4].

Circulating IGF-1 concentrations have been associated
with higher cancer risk, particularly prostate [5], colorec-
tal [6] and breast cancer [7]. Dairy intake, in particular
milk intake, has been related to higher risk of prostate
cancer, and it has been hypothesized that this observation
may be mediated by IGF-1 [8].

A number of observational studies [9-22] in adults
have described a positive association between milk and
dairy products intake and circulating IGF-1 levels, but
results have not always been consistent. Almost all of
these studies used food frequency questionnaires (FFQs)
as dietary assessment, and to our knowledge, only one
study [14] used a more detailed instrument such as 24-h
dietary recalls. It has been shown that bias in reporting
energy and protein intake is greater with FFQ than with
24-h recalls [23].

Thus, the aim of this study was to examine the rela-
tionship between dairy intake and circulating IGF-1 con-
centrations in the Second Bavarian Food Consumption
Survey (BVS II), where dietary intake was assessed by
three 24-h dietary recalls conducted within 6 weeks before
and after blood sampling. The findings of this investiga-
tion provide for the first time data on this association in
a German population and may contribute to the further
clarification of the relationship between dairy intake and
IGF-1 concentrations.

Methods
Study population

BVS 1I is a cross-sectional study designed to provide
representative data on the dietary habits of the Bavarian
population. Its study design has been described previ-
ously [24]. Eligible participants were German-speaking
individuals from the Bavarian population, 13-80 years old,
who lived in private homes (i.e., non-institutionalized).
Between September 2002 and June 2003, 1050 individuals

were enrolled in the study by a random route sampling
method, with an overall response rate of 70.9% [25]. The
BVS II survey included three phases. The first phase was
a personal computer-assisted interview about nutritional
and activity habits and the participants’ medical history.
The second phase consisted of a series of three unan-
nounced 24-h dietary recalls to assess food consumption
and physical activity, which was carried out on two week-
days and one weekend day within approximately 14 days
by telephone. The dietary assessment was completed by
896 of the initial 1050 participants, corresponding to a
response rate of 85.3% for this second phase. Adult study
participants (> 18 years) who had participated in the
interview and in at least one 24-h dietary recall (n=879)
were invited to a regional public health office to obtain
anthropometric measures and blood samples. The invita-
tion was followed by 568 adult participants, corresponding
to a 65% response rate for this step. The study was con-
ducted according to the guidelines laid down in the Dec-
laration of Helsinki, and all procedures involving human
subjects were ethically approved by the Bavarian Ministry
of Health and the Bavarian Chamber of Physicians’ Ethics
Committee (Bayerische Landesirztekammer). All partici-
pants participated voluntarily in the study, giving written
consent.

Sample collection and laboratory analysis

Venous blood was collected into EDTA tubes, and refriger-
ated at 4 °C. The samples were separated into plasma and
blood cells using a centrifuge (1467xg for 15 min) within
3 h. The separated aliquots were stored at — 80 °C until anal-
ysis. IGF-1 was measured in plasma samples by the Clinical
Neuroendocrinology Group of the Max Planck Institute of
Psychiatry in Munich with an automated chemiluminescence
system (Nichols Institute Diagnostics, San Clemente, CA,
USA). The maximal intra- and interassay coefficients of
variation were 5% and 7%, respectively. The measurements
were performed according to the manufacturer’s instructions
and with reagents recommended by the manufacturer.

Dietary intake assessment

The 24-h dietary recalls were conducted by trained inter-
viewers and recorded with EPIC-SOFT, a software designed
specifically for the European Prospective Investigation into
Cancer and Nutrition (EPIC) study from the International
Agency for Research on Cancer (IARC) in Lyon [26, 27].
During each of the three 24-h recalls conducted by tele-
phone, participants reported all foods consumed the previ-
ous day (covering 24 h), which were subsequently specified
and quantified using photographs, standard units, household
measures or exact amount (in grams or milliliters). Mean



daily food intake was calculated as average intake from the
three recalls, weighed by weekdays and weekend days. All
participants who provided at least two 24-h dietary recalls
were included in the dietary dataset (mean number of recalls
2.99, standard deviation 0.07). In our analysis, we focused
on dairy intake as well as the dairy subgroups milk, cheese
and yogurt; the consumed amount of other dairy products
(fromage blanc, pudding, etc.) was negligible.

Statistical analysis

Data on dietary intake from 24-h dietary recalls and IGF-1
concentrations were available for 526 of the 568 BVS II
participants with available blood samples (n =7 had missing
dietary data and n= 35 missing IGF-1), which was the sam-
ple used in all analyses. We present participants’ character-
istics across quintiles of dairy intake. Multivariable adjusted
linear regression models were used to investigate the asso-
ciation between dairy intake (independent variable) and
IGF-1 concentrations (dependent variable). The normality
and homoscedasticity assumptions underlying the inference
on the linear regression coefficients were checked visually
using scatterplots and quantile—quantile plots of the residu-
als. As the residuals showed a slight deviation from the nor-
mal distribution, we repeated the regression analysis with
log-transformed IGF-1, in which the residuals were normally
distributed. Since the estimates of the regression coefficients
and all other results were similar in both models, we opted
to present the analysis based on the non-transformed IGF-1
levels to facilitate the interpretation of the results. Dairy
intake was analyzed categorically, calculating multivariable
adjusted mean IGF-1 concentrations and 95% confidence
intervals (CI) by quintiles, as well as continuously (based
on approximate portion sizes in accordance with a standard
German nutrition guide [28]. Milk, cheese and yogurt intake
were only analyzed as continuous variables. The first regres-
sion model (model 1) was adjusted for age and sex, and
the second model (model 2) additionally included smoking
status (never, former, current), body mass index (BMI, kg/
m?), physical activity (MET-hours/day), alcohol intake (non-
drinker or continuously in g/day), and total energy intake as
covariates. Test for trend across quintiles was performed by
adding a variable with the quintile medians as continuous
variable to the regression model and testing its effect using
Wald’s test.

We evaluated potential effect modification in the asso-
ciation between dairy intake and IGF-1 by sex, age, BMI
and physical activity in an interaction analysis using cross-
product terms between dairy intake and sex, age, BMI and
hours of physical activity. To test the assumption of a linear
association between dairy intake and IGF-1 concentrations,
a linear regression model with addition of a quadratic term
to the main effect of dairy intake was fitted.
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All statistical analyses were performed with SAS® Enter-
prise Guide® 4.3 (SAS Institute Inc., Cary, North Carolina,
USA).

Results

Participants in the upper quintiles of dairy intake were
younger, more often female, had a lower BMI and higher
physical activity compared to participants in the lower quin-
tiles (Table 1).

In the main regression analysis, we observed a positive
association between dairy intake and IGF-1 in both model
1 (p trend 0.002) and model 2 (p trend 0.005, Table 2).
Adjusted IGF-1 means increased across quintiles of dairy
intake, with similar estimates in the 4th and 5th quintiles in
both models (Fig. 1). Each 400 g increment in daily dairy
intake was associated with 16.8 pg/L (95% CI 6.9, 26.7)
higher IGF-1 concentrations in model 2. Additional adjust-
ment for social stratum and body height yielded similar esti-
mates (data not shown). In further analyses of the subcatego-
ries of dairy (Table 3), we observed a positive association
between milk and IGF-1 concentrations. Each 200 g incre-
ment in milk per day was associated with 10.0 pg/L (95%
CI 4.2, 15.8) higher IGF-1 levels in model 2. In contrast, we
observed no association between cheese or yogurt intake and
IGF-1 concentrations. We did not observe any statistically
significant interactions by sex, age groups, BMI categories
or physical activity (data not shown). Finally, the regression
with quadratic terms for dairy intake did not indicate non-
linear associations (data not shown).

Discussion

The present study examined the relationship between dairy
consumption and circulating IGF-1 concentrations using
the data from the BVS II, thus providing for the first time
information on this association for a German population.
A positive association between dairy and milk intake and
IGF-1 levels was observed that persisted after multivariable
adjustments for age, sex, BMI, smoking status, physical
activity, alcohol and energy intake. However, no association
between yogurt or cheese intake and IGF-1 concentrations
was observed.

The biological mechanisms that may explain the observed
positive association between dairy intake and IGF-1 were
not elucidated. Epidemiological studies suggested that
dairy protein may play a role [11, 19], which is supported
by animal studies showing that all essential amino acids up-
regulate hepatic IGF-1 gene expression [29], and availability
of protein and amino acids influences circulating IGF-1 con-
centrations [30, 31]. A mediating role of dairy calcium and
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Table 1 Participants’ characteristics by quintiles of dairy intake, Bavarian Food Consumption Survey II

Total Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
N 526 105 105 106 105 105
Age (years), mean  48.6 (15.2) 51.8 (15.4) 49.9 (14.5) 51.2 (14.9) 45.7 (14.5) 44.3 (15.3)
(SD)
Sex—n (%)
Men 220 (42) 56 (53.3) 44 (41.9) 44 (41.5) 38 (36.2) 38 (36.2)
Women 306 (58) 49 (46.7) 61 (58.1) 62 (58.5) 67 (63.8) 67 (63.8)
BMI (kg/m?), 26.6 (4.9) 27.5(5.0) 264 (4.3) 27.1(5.2) 26.4 (4.6) 254 (4.9)
mean (SD)
Height (cm), mean 168 (8.6) 167 (8.6) 168 (7.5) 168 (9.6) 169 (8.3) 169 (9.1)
(SD)
Social stratum*—n (%)
Lower layer 71 (14) 15 (14.3) 16 (15.2) 12 (11.3) 16 (15.2) 12 (11.4)
Lower middle 127 (24) 37 (35.2) 27 (25.7) 21 (19.8) 21 (20.0) 21 (20.0)
layer
Middle layer 167 (32) 35(33.3) 26 (24.8) 35(33.0) 35(33.3) 36 (34.3)
Upper middle 110 (21) 17 (16.2) 28 (26.7) 24 (22.6) 19 (18.1) 22 (21.0)
layer
Upper layer 51(10) 1(1.0) 8 (7.6) 14 (13.2) 14 (13.3) 14 (13.3)
Smoking status—n (%)
Never smoked 274 (52) 55 (52.4) 52 (49.5) 59 (55.7) 50 (47.6) 58 (55.2)
Former smoker 124 (24) 19 (18.1) 19 (18.1) 28 (26.4) 30 (28.6) 28 (26.7)
Current smoker 128 (24) 31(29.5) 34 (324) 19 (17.9) 25 (23.8) 19 (18.1)
Physical activ- 10.2 (4.3,17.4) 10.1 (8.9) 11.6 (8.7) 10.2 (9.0) 13.7 (12.5) 13.0 (11.0)

ity, MET-h/day,
median (Q),s,

Qu5)

Dietary intake, median (Q,»s, Qp.75)

Energy (kcal/ 1926 (1531, 2333) 1783 (1360, 2191) 1892 (1430, 2331) 1926 (1571,2304) 1954 (1586, 2406) 2073 (1714, 2509)
day)

Alcohol (ethanol, 7.1(0.2,19.7) 9.0 (0.1, 25.5) 6.1(0.3,19.6) 8.0 (0.4,20.2) 7.6(0.2,19.2) 5.7(0.2,15.3)
g/day)

Total dairy (g/ ~ 137.9 (65.6, 28.1(11.4,38.9) 76.7(65.6,92.0) 137.9 (120.8, 227.5 (198.5, 374.2 (347.9, 462.1)
day) 261.1) 160.0) 261.1)

Milk (g/day) 44.3(8.7,1412)  7.7(0.0,16.6) 18.7(0.0,35.7)  58.8(8.9,89.3) 120.0 (57.1,191.7) 258.7 (178.6, 332.2)
Cheese (g/day)  22.7 (8.6, 39.0) 10.7(0.0,19.0)  25.1(10.7,40.2)  26.9(7.9,42.5) 29.1(16.9,46.5)  30.0(13.9,52.3)
Yogurt (g/day) 0.0 (0, 53.6) 0.00 (0, 0) 0.00 (0, 9.9) 0.00 (0, 53.6) 35.21 (0, 96.4) 67.86 (0, 164.6)

Serum IGF-I lev-  133.6 (51.6) 113.7 (46.3) 128.4 (47.6) 133.4 (56.3) 145.1 (55.8) 147.5 (44.5)

els (ug/L), mean
(SD)

0,5 and Q) ;5 stand for the 25th and 75th percentiles

The participants’ social stratum is a categorical variable calculated as an index taking the financial power (income) of the household, the level
of education, and the professional position. The subjects were divided into five social strata: lower layer (1), lower middle layer (2), middle layer
(3), upper middle layer (4), and upper layer (5). This index was already available in the database

phosphorus in the positive association between dairy and
IGF-1 has also been suggested [11-13, 15, 19, 32], but this
hypothesis is not supported by our findings, since we did not
observe an association with cheese intake, which is a good
source of both calcium and phosphorus. Another hypothesis
suggests that the milk-borne IGF-1, which appears to be
very similar to the human IGF-1, could be absorbed, exert-
ing metabolic effects on liver and other peripheral tissues.

A study in neonatal rats showed that radioactively labeled
milk-borne IGF-1 appeared in low concentrations in the por-
tal circulation [33]. However, these results cannot be easily
transferred to human adults.

Our results are consistent with previous studies. We com-
pared our results with those of 14 previous cross-sectional
studies that also investigated intake of milk or dairy intake
in relation to circulating IGF-1 concentrations [9-22]. Of
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Table 2 Multivariable adjusted mean IGF-1 concentrations (ug/L) by quintiles of dairy intake in the Bavarian Food Consumption Survey II

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
Quintile range (g/day) 0-48.8 49.0-105.9 106.4-174.4 175.7-300.9 302.6-1547.5
Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 p trend Continuous estimate
Mean (95% CI)  Mean (95% CI)  Mean (95% CI)  Mean (95% CI)  Mean (95% CI) ((195%/51) per 400 g
airy/day

Model 1* 119.3 (111.1-127.6) 130.6 (122.4, 138.9) 137.6 (129.4, 145.8) 139.7 (131.4, 148.0) 139.6 (131.3, 147.9) 0.002
Model 2° 121.0 (111.9, 130.0) 132.4 (123.2, 141.6) 138.7 (129.6, 147.9) 141.8 (132.9, 150.7) 140.0 (130.5, 149.5) 0.005

18.1 (8.6, 27.6)
16.8 (6.9, 26.7)

*Age and sex adjusted

bAdjusted for age (years), sex, smoking status (never, former, current), BMI (kg/mz), physical activity (MET-h/day), alcohol intake (nondrinker

or g/day), total energy intake (kcal/day)

Fig. 1 Multivariable adjusted 160
mean IGF-1 concentrations with
95% confidence intervals by
quintiles of dairy intake in the
Bavarian Food Consumption
Survey II. Bars indicate 95%
confidence intervals. Model 1:
age and sex adjusted. Model 2:
adjusted for age, sex, smoking
status, BMI, physical activity,
alcohol intake (nondrinker or g/
day), total energy intake (gcal/
day)

150 -

140

130 -

IGF-1 (pg/L)

120

110 -+

100

Quintile 1

Table 3 Association between dietary intake of milk, cheese and
yogurt and IGF-1 in the Bavarian Food Consumption Survey II

Beta (95% CI) p Value

Milk consumption (per 200 g/day)

Model 1* 11.0 (5.3, 16.6) 0.0002

Model 2° 10.0 (4.2,15.8)  0.0007
Cheese consumption (per 30 g/day)

Model 1* 0.7(-=3.3,47 0.74

Model 2° 04(-3.7,45) 0.84
Yogurt consumption (per 150 g/day)

Model 1* 3.9(-4.8,12.6) 0.38

Model 2" 3.4(=53,122) 044

*Age and sex adjusted

hAdjusted for age (years), sex, smoking status (never, former, cur-
rent), BMI (kg/mz), physical activity (MET-h/day), alcohol intake
(nondrinker or g/day), total energy intake (kcal/day)

Quintile 2

%

Quintile 4

%

e
A\

Quintile 3 Quintile 5

Dairy intake

# Model 1 % Model 2

them, seven studies [9, 11-13, 15, 17, 19, 21] found a sta-
tistically significant positive association between milk or
dairy intake and IGF-1 levels, while one study found only
significant associations for black, but not for white men [16].
Five studies found no significant association between dairy
intake and IGF-1 concentrations [10, 12, 14, 18, 20]. In the
most recent publication, a study from the Women’s Health
Initiative [22], a positive association between milk intake
and free but not total IGF-1 was observed. In the only study
in adults that used 24-h dietary recalls instead of FFQ [14],
milk intake was not significantly associated with IGF-1 con-
centrations. In contrast to our study, where the three dietary
recalls were conducted relatively close in time to the blood
collection (on random days within 6 weeks, before and after
blood collection), in the study by Larsson et al. [14], 24-h
dietary recalls by telephone were performed over 1 year to
estimate long-term dietary intake. Most previous studies
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investigated only total dairy and milk, but not other dairy
products. Consistent with our findings, one previous study
observed a significant positive association of milk but not
yogurt or cheese intake with IGF-1 [13], while in another
publication, both milk and yogurt showed significant posi-
tive associations, but no association was observed for cheese
intake [19]. The different associations of various dairy prod-
ucts with IGF-1 may be related to different consumption
frequencies (milk is more often consumed than yogurt or
cheese), differences in the accuracy of recall or may have
a yet unknown biological explanation. Further support for
a positive association between milk and IGF-1 comes from
a randomized controlled trial conducted in 204 men and
women aged 55-85 years, which showed that a 12-week
milk intervention versus control increased serum IGF-1
concentrations [34]. Similar results were found in interven-
tion studies in children [35-37]. In a recent meta-analysis
of 28 studies including randomized controlled trials, non-
randomized intervention studies and cross-sectional investi-
gations, moderate evidence for a positive association of milk
and dairy intake with circulating IGF-1 was reported [8]. In
the same publication, in a meta-analysis on IGF-1 and pros-
tate cancer, moderate evidence for circulating IGF-1 being
associated with higher prostate cancer risk was observed
and authors concluded that the available evidence supports
a mediating role of IGF-1 in the positive association between
milk consumption and prostate cancer risk.

Our study has some limitations that should be considered.
In BVS 11, only IGF-1, but none of its binding proteins, such
as the main binding protein IGFBP-3 was measured. Thus,
we were not able to account for IGFBP-3 in our analyses.
For example, we could not investigate the IGF-1/IGFBP-3
ratio, but our analyses of dairy and IGF-1 are comparable
to the IGF-1 analyses of the previous cross-sectional stud-
ies, which did not include IGFBP-3 as adjustment variable
[9-17, 19-22] with only one exception [18]. We also did not
specifically measure free IGF-1, which has been employed
in more recent investigations [22]. Another limitation of our
study is that dietary intake of protein or calcium was not
available by source, so we could not investigate potentially
mediating effects of dairy protein or calcium. Finally, dietary
intake derived from the three 24-h dietary recalls may be
subject to measurement error. On the other hand, it has been
shown that multiple 24-h dietary recalls result in less report-
ing bias than FFQs [23, 38, 39], particularly for frequently
consumed foods such as milk and dairy, which renders the
use of three 24-h dietary recalls as dietary assessment a
strength of our study. Furthermore, compared to most pre-
vious publications, which used FFQs usually covering the
habitual diet in the previous year as dietary assessment,
in the present study dietary intake was assessed closely to
the blood collection date, i.e., within up to 6 weeks before
and after blood collection, which enables us to examine

mid-term effects. The further strengths of our study were
that we had a broad range of dairy intakes, ranging from
very low to very high intake, data on men and women as
well as a broad age range (19-81 years), whereas many of
the previous studies investigating dairy intake in relation to
IGF-1 concentrations only included one sex [11, 12, 14-16,
18-22] or had a narrow age range [9, 10, 12, 14, 21, 22].

Conclusion

In this investigation using multiple 24-h dietary recalls as the
dietary assessment method which were collected closely to
the blood collection date, we observed a statistically signifi-
cant positive association between dairy and milk intake and
IGF-1 concentrations, whereas no association was observed
for cheese or yogurt. Our findings are in line with most
cross-sectional studies using FFQs as the dietary assess-
ment. Together with the available evidence from randomized
controlled trials, these findings support the hypothesis that
circulating IGF-1 may be modified by alterations in dairy
intake, which may be utilized in dietary recommendations
for cancer prevention.
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