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Abstract

Introduction: Naturally based treatments for osteoporosis are currently li-
mited. The purpose of this investigation was to ascertain whether bovine co-
lostrum supplementation can improve bone health in humans. Methods: In
total 63 individuals volunteered in a 4-month supplementation project. They

were stratified into three groups: 1) Healthy post-menopausal women (n =
24); 2) Individuals with osteopenia (n = 25); 3) People with osteoporosis (n =
Received: May 27, 2021
Accepted: July 4, 2021

Published: July 7, 2021

14). Participants of each group were randomly assigned into two experimen-
tal sub-groups: a) The bovine colostrum (BC) supplementation (200 mL/day;

5 days/week); b) The placebo sub-group. Before and after the 4-month sup-
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plementation, blood samples were obtained and bone mineral density (BMD)
was measured. Dual-Energy X-ray Absorptiometry (DXA) was performed on
three different anatomical sites: lumbar spine (LS), left femur neck (FN), and
left forearm (Arm). Bone health markers (bone alkaline phosphatase (BAP),
osteocalcin, C-terminal telopeptide (CTX-I), deoxypyridinoline (DPD)) as
well as immunological markers (interleukin 6 (IL6) and immunoglobulin E
(IgE)), were assessed in blood serum with enzyme immunoassays, at baseline
and 4-months after BC supplementation. Results: No significant changes were
found in bone densitometry factors (p > 0.05), for all studied blood parame-
ters and their calculated effect sizes. Conclusions: It is concluded that, as
studied herein, BC does not seem to affect human bone health. This pilot
study though warrant the need for further research into the efficacy of BC in
patients with osteoporosis.
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1. Introduction

Osteoporosis, a Greek term literally meaning “bone with holes”, is used to describe
a systemic skeletal disorder of low bone mass and bone micro-architectural dete-
rioration, and the accompanying bone fragility [1]. It is defined as a bone density
of 2.5 standard deviations below that of a young adult, at one or more anatomi-
cal sites [2] [3], and it is the most common reason for a broken bone among
elderly individuals; approximately 50% of post-menopausal women experience
at least one bone fracture [4]. Bone fractures in these individuals are clearly as-
sociated with increased medical costs [5] and mortality rates [6].

Many risk factors have been linked to osteoporosis, including hormonal
elements, the use of certain drugs, inadequate physical activity since childhood,
smoking, low intake of calcium and vitamin D, or small body size [7]. Approxi-
mately 2% to 8% of males and 9% to 38% of females in the developed world
are affected [8]. Non pharmaceutical methods, such as individualised weight-
bearing physical exercise and appropriate nutrition [9], as well as pharmacol-
ogical therapies have been employed to prevent or treat osteoporosis. Bisphos-
phonates are usually the first choice for osteoporosis treatment [10]. However,
although not life threatening, several adverse effects have been reported in rela-
tion to the use of such treatments [11]. Therefore, exploring the efficacy of cer-
tain nutraceutical supplements to combat osteoporosis, warrants serious scien-
tific attention.

Milk and dairy-product supplementation is widely recommended to avert os-
teoporosis and subsequent fractures, as selected functional ingredients, such as
milk basic protein, casein phosphopeptide, and lactoferrin, have been shown to
be beneficial for bone health [12]. Bovine colostrum (BC) is the first nourish-
ment of mammalian neonates containing nutrient-rich, immune, developmental
and tissue-repairing factors produced by the mammary glands shortly after birth.
Animal studies have shown that colostrum is an important functional substance
for bone health [13], as it contains a plurality of nutrients, including immune
and nutritional factors [14]. Regarding the latter, for instance lactoferrin—a
multifunctional protein which is found in colostrum in high concentrations, has
a positive effect on bone formation while reducing the action of osteoclasts [15].
Insulin-like growth factor 1 (IGF-1) and 2 (IGF-2) which enhance the action of
osteoblasts are also abundant in bovine colostrum. In addition, bovine colostrum
consists of carbohydrates, immunoglobulins and other proteins, nucleotides, en-
zymes and enzyme inhibitors, lipids, minerals, and vitamins. It has been shown

that the levels of vitamin D and vitamin K1 are significantly higher in colostrum

DOI: 10.4236/fns.2021.127049

660 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2021.127049

S. Ziaka et al.

compared to normal milk [14].

Based on the aforementioned information we hypothesized that colostrum-
based dietary supplements may enhance bone growth and development in hu-
mans. Thus, the purpose of this interventional, double-blind, randomized, placebo-
controlled pilot study was to investigate whether BC supplementation could

positively affect selected serum bone markers.

2. Materials and Methods

2.1. Volunteers

Eighty-five volunteers were assessed for eligibility. Most of the participants were
living in Trikala and all of them in the administrative region of Thessaly, Greece.
Inclusion criteria were as follows: postmenopausal women (no menses for at last
one year); osteoporosis patients (female): T-score < —2.5 at the femoral neck (or
other anatomical site); osteopenia patients (female): T-score < —1.0 at the fe-
moral neck (or other anatomical site); osteopenia patients (male): T-score <
—1.0 at the femoral neck (or other anatomical site); not taking drugs for osteo-
porosis or have been on a wash-out period for at least one month before starting
supplementation; not taking any supplements; no other diseases (diabetes, heart
disease, etc.).

Based on the above criteria, 63 (male n = 9) volunteers were selected with a
mean age of 59.8 * 8.5 yrs (Table 1). Following bone density assessments, the 63
volunteers were allocated (according to their status) to three different groups:
a) Healthy postmenopausal women (n = 24); b) People with osteopenia (n =
25); ¢) People with osteoporosis (n = 14) (Table 1). Written informed consent
has been obtained from the patients to participate in the study. The study was
conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of University of Thessaly, Greece (protocol
no: 1298) and registered on the ClinicalTrials.gov (NCT04040010). A flowchart
of the methodology used to recruit and assess participants for bone health as
well as to allocate them in the different experimental sub-groups is described in
Figure 1.

2.2. Bovine Colostrum (BC) Supplementation

BC supplement was provided by the Hellenic Dairies S.A. (Trikala, Greece) ac-
cording to the European Commission Regulation (EC) No 1662/2006 and No
1663/2006 for the production of milk-related products. The weekly supplement
consisted of 300 mL/L BC, 100 mL/L vanilla sweetener and 600 mL/L lactose-
free cow milk.

Within each of the three groups described above, participants were rando-
mized into either the experimental sub-group that received the BC supplement,
or the placebo sub-group that received sham supplementation (900 mL/L lactose
free cow milk and 100 mL/L vanilla sweetener). All participants consumed 200

mL of the appropriate supplement per day, 5 times per week, for four consecutive
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A

Baseline Measurements (Day 0)
Blood sampling and D

Key: DXA = Dual X-ray Absorptiometry.

Daily Bovine Colostrum
Supplementation

J End of experimental protocol (Day 120)

Figure 1. Flowchart of methodology. (A) Method used to recruit the participants in the study and include them in the appropriate
experimental sub-groups. (B) Experimental protocol.

months. Those on medications for osteopenia or osteoporosis, went through a
wash-out period of one month before entering the experimental procedure.
Bone density measurements and blood samples were obtained from each partic-
ipant at baseline and at the end of the experimental protocol. The participants
that consisted the different experimental sub-groups and the experimental pro-

tocol are described in Figure 1.

2.3. Bone Densitometry

Bone mineral density (BMD) of the lumbar spine (lumbar vertebrae L1-L4) (LS),
femoral neck (FN) and forearm (Arm) was assessed via dual energy X-ray Ab-
sorptiometry (DXA) (Lunar Radiation Corporation, Madison, WI). We also
calculated T-scores for the same anatomical sites. These data were used to allo-
cate the participants in the three different groups (healthy post-menopausal
women, individuals with osteopenia and people with osteoporosis) according to
their bone health in order to evaluate the differences before and after the BC

supplementation.

2.4. Blood Serum Parameters

Before and after the four-month supplementation, blood samples were obtained
from the participants after an 8 h fasting period, by a certified phlebotomist.
Blood samples were allowed to clot at room temperature for 20 min and serum

was separated by centrifugation at 1370 g, for 10 min, at 4°C. Serum samples
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were stored at —80°C for further analyses.

To identify whether the BC supplement was capable of stimulating immuno-
logical responses, interleukin 6 (IL-6) and immunoglobulin E (IgE) were as-
sessed as markers for allergy, using a Human IL-6 ELISA kit (Boster Inc., Chi-
na), and an IgE ELISA kit (Immunodiagnostik, Bensheim, Germany), respec-
tively, according to manufacturers’ guidelines.

Bone formation markers BAP (bone alkaline phosphatase) and osteocalcin
were evaluated using an enzyme immunoassay (EIA) kit (Ostase® BAP, IDS) and
an enzyme-linked immunosorbent assay (ELISA) kit (N-MID® Osteocalcin, IDS),
respectively. For bone resorption we assessed deoxypyridinoline (DPD) and
C-terminal telopeptide of type 1 collagen (CTX-I) before and after the BC sup-
plementation, using a Human DPD ELISA kit (Biotech Co., Wuhan, China) and
an ELISA kit (Serum CrossLaps® (CTX-I)) (IDS), respectively. All samples were

assessed at least in duplicates.

2.5. Statistical Analyses

A Power Analysis using the software G*Power (90% power; 0.05%) was con-
ducted [16]. To assess any immunological responses within the participants that
received BC supplementation, we performed a Paired samples t-test and Wil-
coxon signed-ranks test between the baseline and the four-month follow-up. The
same analyses were employed for the two allergy markers (IL-6 and IgE). A 2
experimental sub-groups (BC vs placebo) x 3 bone health groups (healthy
post-menopausal women, individuals with osteopenia and people with osteopo-
rosis) x 2 time (baseline vs 4-month follow-up) repeated measures analysis was
conducted to evaluate differences in bone densitometry factors and bone mark-
ers. Post-hoc tests with Bonferroni’s adjustment were performed for multiple
comparisons. Analyses were conducted using SPSS 22.0 for Windows (IBM,
Armonk, NY, USA) and the level of significance was set at P < 0.05.

3. Results

Table 1 shows baseline characteristics for all participants (Mean * SD).
We compared the values of allergy markers between baseline and four-month

supplementation samples. No immunological responses were observed after the

Table 1. Participant’s characteristics in the three groups according to bone status

Total Normal (N =24) Osteopenia (N = 25) Osteoporosis (N = 14)

N 6 (BC=11, (BC =15, (BC =8,
Placebo = 13) Placebo = 10) Placebo = 6)
Age (yrs.) 59.8 £ 8.5 552 +4.1 62.7 £10.2 62.5+7.4
Weight (kg) 70.9 +12.5 732+ 11.0 713 £13.1 66.3 £ 134
Height (cm) 163.2+7.0 163.0 £ 6.0 165.6 £ 8.5 159.5+3.9
BMI (kg/mz) 276+ 4.6 27.6 £ 4.5 26.0 £ 4.2 26.1+£5.2

Key: BC = Bovine Colostrum, BMI = Body Mass Index.
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four-month BC supplementation (P > 0.05). For both IL6 (29.81 * 2.16 pg/mL; 4
months = 30.8 + 2.44 pg/mL) and IgE (baseline = 3.23 + 3.9 kU/l; 4 months =
3.86 + 4.5 kU/1) level, we did not observe any significant changes (Table 2).

DXA results and effect sizes for differences between baseline and 4-month
follow-up measurements for all different groups, are exhibited in Table 3 and
Table 4. The experimental sub-groups that received BC supplementation dem-
onstrated no significant results in bone densitometry factors (P > 0.05). A large
effect size was observed in the healthy postmenopausal women that were receiv-
ing BC supplementation, for the BMD-Arm (d = 0.82), although there were no
statistically significant differences (P > 0.05).

The results for bone health markers are presented in Table 5. Within the ex-
perimental groups that received BC supplementation, CTX-I concentration (P <
0.05) was significantly increased in participants with osteoporosis. The calcu-

lated effect size was large d = 0.86, according to the Cohen’s criteria.

4. Discussion

Although the beneficial effects of milk and dairy products intake on human bone
health, with particular emphasis on osteoporosis, have been generally hig-
hlighted [17], little is known as to whether the same applies for BC. Therefore,
the purpose of this investigation was to ascertain whether BC supplementation

Table 2. Paired samples T-test for allergy markers at baseline and after 4 months of BC
supplementation (means + SD).

Baseline 4 months
IL6 29.81 £2.16 30.8 £2.44
IgE 3.23 £3.90 3.86 £ 4.50

Table 3. Post-hoc comparisons using Bonferroni’s adjustment for bone density at the
three different anatomical sites (means + SD).

BC  supplementation placebo
Baseline 4 months d Baseline 4 months d
Normal 1.2+0.2 1.2+0.1 0.03 1.1+0.1 1.1£0.1 0.14
BMD_LS X
) Osteopenia 1.0+0.1 1.0+ 0.1 0.10 1.0+x0.1 0.8+0.8 0.36
(g/cm?)
Osteporosis 1.0+0.1 1.0+ 0.1 0.17 0901 09x0.1 0.01
Normal 0.9+0.1 09=+0.1 005 0901 09x0.1 0.02
BMD_FN .
) Osteopenia 0.9+0.1 09=x0.1 0.25 09+0.1 0.8%0.4° 0.42
(g/cm?)
Osteporosis 0.8+0.1 0.8+0.1 0.11 0.8+0.1 0.8+0.1 0.11
Normal 0.1 £0.06 0.6 £0.7 082 08+0.1 0606 0.48
BMD_Arm .
) Osteopenia 0.8+0.1 0.8+0.1 0.17 09+0.1 0.7£0.6 0.45
(g/cm?)
Osteporosis 0.7 £ 0.2 0.8+0.1 0.16 06+0.1 0.7x0.1 0.68

Key: LS = lumber spine, FN = femoral neck, Arm = forearm; a = indicates difference from baseline, signifi-
cant at P < 0.05; d = effect size.
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Table 4. Post-hoc comparisons using Bonferroni’s adjustment for bone density/T-scores at the three dif-
ferent anatomical sites (means * SD).

BC supplementation placebo
Baseline 4 months d Baseline 4 months d

T-score LS Normal 05+1.3 05+1.1 0.01 -0.5+0.6 -0.4+0.7 0.16
Osteopenia -1.4+0.7 -1.5+£0.6 0.15 -1.4+0.7 -1.1+£0.8° 0.40

Osteporosis  —1.9 £ 0.9 -1.8+£0.8 0.16 -2.1+£0.7 -2.1+0.6 0.03

T-score FN Normal -0.3+0.9 -04+1.0 0.03 -0.4+£0.7 -0.4+0.7 0.00
Osteopenia -1.0+£0.9 -1.1+£0.8 0.16 -0.8 £0.9 -0.7+£0.9 0.09

Osteporosis  —1.7 £ 0.7 -1.8+£0.9 0.13 -1.5+£0.7 -1.5+0.5 0.04

T-score Arm Normal -0.2+0.6 -0.2+0.7 0.00 -0.1+0.7 -0.3+0.6 0.23
Osteopenia -1.1+£0.6 -1.0+0.6 0.17 -09+0.7 -1.0+1.1 0.12

Osteporosis -1.7+1.9 -14+14 0.14 -19+3.1 -2.5+0.7 0.24

Key: LS = lumber
effect size.

spine, FN = femoral neck, Arm = forearm; a = indicates difference from baseline, significant at P < 0.05; d =

Table 5. Post-hoc comparisons using Bonferroni’s adjustment for bone formation and bone resorption

marker values at baseline and after 4 months of BC supplementation (means + SD).

BC supplementation placebo

Baseline 4 months d Baseline 4 months d
BAP (ng/L) Normal 278.8 £62.8 291.4 £76.0 0.17 278.7 £ 78.2 265.6 +£ 100.4 0.14
Osteopenia  202.8 + 74.1 200.8 £ 75.8 0.03 260.6 +137.1 274.6 £ 105.7 0.11
Osteporosis  239.1 +48.4 219.1 £60.2 0.34 332311730 223.3 £30.3* 0.70
Osteocalcin (ng/L) Normal 7.7+39 7.5+49 0.03 89+64 9.2 +89 0.04
Osteopenia 10.3+6.9 10.0 £ 5.0 0.05 13.8+5.8 13.7+6.2 0.00
Osteporosis 9.2+54 83147 0.16 19.8 +4.2 163+ 5.6 0.57
DPD (ng/L) Normal 56322 59.0 £ 55 0.59 59321 58235 0.38
Osteopenia  59.1 £ 5.6 61.8+4.9 0.48 61.1 4.5 61.0 £ 4.6 0.02
Osteporosis  61.5+ 2.1 64.8 £ 4.9 0.77 574143 59.6 £9.4 0.25
CTX-I (ng/L) Normal 45+04 45+0.5 0.03 45+0.5 4.6 £0.5 0.04
Osteopenia 4.7+0.3 4604 0.03 4.1+0.5 44104 0.00
Osteporosis 4.3 £0.5 4.7 £0.3* 0.16 44+0.3 4704 0.57

a = indicates difference from baseline significant at P < 0.05; d = effect size.

can actually improve bone health in humans and can provide a non-pharmacological
solution for osteoporosis.

BC is the first nourishment of all mammalian neonates containing nutrient-
rich, immune, developmental and tissue-repairing factors. BC supplementation
has been shown—inter alia, to improve exercise performance in highly trained

cyclists [18], to increase bone-free lean body mass in adult active men and women
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[19], and to attenuate inflammatory indices following a Loughborough Inter-
mittent Shuttle Test in soccer players [20]. Further, BC acidic protein supple-
mentation has shown to increase the bone mineral content and bone mineral
density of the femur in in ovariectomized rats [21], while Growth Protein-
Colostrum supplementation revealed significantly higher mean osteocalcin se-
rum levels in juvenile rats [13].

The present results revealed that although BC is safe for human consumption,
as no immunological responses were detected after the four-month supplemen-
tation, it seems to have no effect in any of the studied bone-health parameters.
This was rather surprising given the growing evidence that some of its bioactive
components, such as lactoferrin, generate anabolic effects on bone health both in
vivo and in vitro [22] [23] [24]. BC, as a whole supplementation also induces
positive effects on the phenotype of diabetes type I, on the metabolic control of
diabetes type II, on some cardiovascular diseases, on certain gastrointestinal
diseases and on the immune responses against primary influenza virus [25] [26]
[27].

In general, little is known on the effects of BC on bone health. A recent syste-
matic review which examined bovine whey and colostrum in relation to health
benefits in adults, including bone mineral density, found heterogeneous out-
comes, high risk of bias and inconsistent findings resulted in inconclusive evi-
dence to substantiate health claims [28]. It is known, however, that aerobic and
anaerobic exercise protocols require 6 - 12 months to elicit osteogenetic changes
in adults [29], while a rather shorter duration of 3-month exercise intervention
is ineffective in initiating bone biomarker response in healthy elderly men [30].

To our knowledge, there are no published data for direct comparisons re-
garding the duration of BC supplementation in relation to bone health. It is
therefore conceivable to suggest that the four-month BC supplementation used
in our interventional, double-blind, randomized, placebo-controlled study was
not long enough to cause measurable differences in the considered parameters.

Keeping the above in mind, it is reasonable to assume that the present study
might have been influenced by methodological limitations such as the use of our
own BC as a supplement, “directly” from cows that gave birth, and the lack of
protein quantification present in our BC. Also, although our sample of patients
is well-defined, we acknowledge that future studies should include bigger sample
sizes together with fracture histories. Finally, we cannot exclude the possibility
that the dose and duration of our BC supplementation was insufficient to induce

bone mass gains.

5. Conclusion

Within the limitations of the current pilot study, it is concluded that whole bo-
vine colostrum does not seem to affect bone-health parameters in osteoporotic
patients, following a four-month supplementation period. However, nutraceuti-

cal products based on bovine colostrum deserve further investigation, with spe-
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cial attention on the duration and dose of supplementation. Future studies should
also investigate the possibility of increasing the amount of lactoferrin, a compo-

nent known to benefit bone health.
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