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ABSTRACT

Background and Obijectives: As a major public health concern worldwide, osteoporosis causes increased risks of
bone fractures and decreases in bone mineral density. The present systematic review and meta-analysis aimed to determine
the effect of whey protein and milk basic protein on bone health parameters.

Materials and Methods: In this study, a systematic review and meta-analysis of randomized clinical trials study was
carried out. Online databases of PubMed, Scopus and Web of Science were searched up to 20 march 2023, using
controlled terms (e.g., MESH) and text words for milk protein or whey and bone-health outcomes, including lumbar-bone
mineral density, hip-bone mineral density, urinary N-terminal telopeptides of type | collagen, serum C-terminal
telopeptides of type I collagen, osteocalcin and insulin-like growth factor 1 levels.

Results: Outcomes were pooled as standard mean difference (SMD) and 95% confidence interval (Cl) in a Random-
effect meta-analysis model. Nine randomized clinical trials met the eligibility criteria and were selected for the final
analysis. Analysis indicated significant decreases in N-terminal telopeptides of type | collagen [SMD, -0.89 nmol/mmol;
Cl, -1.69 to -0.10 %; p = 0.028] following supplementation with milk basic protein compared to the placebo group. Whey
supplementation resulted in significant increases in insulin-like growth factor 1 [SMD, 3.55 nmol/l; 95% CI, 3.12 to
3.98%; P = 0.001; I? = 58.1%; p = 0.092]. However, no significant mean differences were seen in lumbar-bone mineral
density, hip-bone mineral density, serum C-terminal telopeptides of type I collagen and osteocalcin between the two
groups.

Conclusions: Whey or milk basic protein supplementation may decrease N-terminal telopeptides of type I collagen and
increase insulin-like growth factor 1, particularly when adults are supplemented for 12 w or longer; however, findings on
lumbar-bone mineral density, hip-bone mineral density, serum C-terminal telopeptides of type | collagen and osteocalcin
are inconclusive.
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Highlights

e Osteoporosis is a public health issue worldwide, associated with increased bone fractures and decreased bone
mineral density.

e Cow milk contains calcium, magnesium, vitamin K, vitamin D, phosphorus, casein lipids and isoflavones, which can
meaningfully affect bone metabolism and help in maximizing bone mass.

e Milk basic protein contains active elements that strengthen proliferation and collagen synthesis of osteoblasts.

e Whey or milk basic protein is associated with decreasing urinary N-terminal telopeptides of type | collagen and
increasing insulin-like growth factor in adults.
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Introduction

Osteoporosis is a public health issue worldwide,
associated with increased bone fractures and decreased
bone mineral density (BMD) (1, 2). This disease is often
seen for reasons such as estrogen deficiency in
menopause, low calcium intake and/or lack of exercise in
adults, decreasing individuals’ ability to do daily tasks and
increasing risks of falls and fractures (3). Fractures during
a person's lifetime significantly increase functional
damages and decreases the quality of life, leading to
increases in the financial burden on countries' healthcare
systems. Numerous factors play roles in development of
osteoporosis, which can be addressed as nutritional,
psychological and biological factors (4-6). In addition to
the highlighted factors, exercises play significant roles
since sports are affordable non-pharmacological methods
of treating osteoporosis (7, 8). Nutrient-rich foods such as
cow milk, which has been widely used since ancient
times, contain calcium, magnesium, vitamin K, vitamin D,
phosphorus, casein lipids and powdered milk contains
isoflaven, which can meaningfully affect bone metabolism
and help in maximizing bone mass (9-11). The basic idea
builds on the fact that the major components of milk basic
protein (MBP) are whey protein (12) and MBP contains
active elements that strengthen proliferation and collagen
synthesis of osteoblasts (13, 14). Moreover, whey protein
includes functional appropriate roles in bone regeneration
(13, 14). In several human studies, it has been detected
that MBP increases BMD (15-19). Aoe et al. (2005)
reported that MBP could be one of the nutritional
components that increased peak bone mass and decreased
the future risk of osteoporosis in premenopausal women
(20). The most significant decrease in bone turnover
markers (BTM) is addressed with urine N-terminal
telopeptides and serum C of type I collagen (UNTX and
S-CTx) (21). These markers of bone resorption are
strongly correlated with BMD response and U-NTX may
be the preferred marker in clinical trials because it is not
sensitive to circadian changes or affected by the
consumption of foods and supplements unlike S-CTx (22).
In another study, Uenishi stated that in young women with
prescription of 40 mg of MBP supplement every day for
six months, serum osteocalcin concentration increased
significantly and MBP inhibited their excretion of urinary
N-telopeptides of type-l1 collagen (NTX). Increases in
BMD at the first stage were due to increases in bone
formation and then inhibition of bone loss with MBP
supplements (18). In contrast, associations between the
whey protein, MBP and osteoporosis are controversial.
Studies have not reported significant effects of MBP
supplements on bone formation. In a study, Zou reported
no significant effects of MBP supplements on BMD and
bone metabolism but quantity of NTx in whole milk and
milk supplement groups significantly decreased (23).
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Indeed, CTx and NTx can be used as major markers to
assess bone loss (24, 25).

In one study, it was detected that consuming 20 g of
MBP supplement every day for 2 y led to 7-8% increases
in insulin-like growth factor 1 (IGF-1) hormone in group
consuming MBP supplement. The hormone (IGF-1) is a
factor that promotes bone growth and plays significant
roles in activation of osteoblasts (26). Growth hormone
secretion decreases with aging and circulating levels of
IGF-1 in more than 30% of older adults are lower than
those in younger adults, which includes implications for
age-linked osteoporosis (27). In this study, effects of daily
MBP and whey protein consumption on adult bone health
factors were clarified. In most human and animal studies,
MBP and whey protein have been shown to enhance bone
formation, suppress bone loss and increase bone mineral
density (BMD). Therefore, the current systematic review
and meta-analysis of randomized controlled trials (RCTs)
in healthy adults were carried out to assess effects of whey
protein and MBP on bone health parameters.

Materials and Methods

This review was registered (CRD42022354024) in the
International Prospective Register of Systematic Review
(PROSPERO). The present study was based on the
PRISMA protocol for reporting systematic reviews and
meta-analyses, six parts or paragraphs; to which, the
reader is kindly referred for details (28).

Data sources and search strategies

In this study, an extensive literature search was carried
out using popular online databases such as PubMed,
Scopus and Web of Science, up to 20 march 2023. Search
strategy involved specific keywords of ("whey protein”
OR "milk protein” OR "milk basic protein™) AND (bone).
To ensure thoroughness, study deliberately did not include
exercise-related terms in the selected keywords. No
restrictions on language or publication date were included.
Additionally, reference lists of relevant studies were
manually assessed to avoid overlooking relevant
publications. Unpublished studies were not included in the
review. Two independent investigators carried out a
literature search.

Study selection and inclusion/exclusion criteria

Studies meeting the following eligibility criteria were
analyzed for inclusion. (1) RCTs (parallel or crossover
studies), (2) adult population cohorts (> 18 years), and (3)
trials reporting mean (SD) alterations of bone health
factors (lumbar-BMD, hip-BMD, Urinary NTX, serum
CTx, osteocalcin and IGF) for intervention and control
groups or presented necessary information for calculating
the effect size. It is noteworthy that RCTs using multiple
intervention groups (duration) were considered various
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outcomes and data were pooled separately in these cases.
Investigations and clinical trials that used animal models
in vitro or were carried out on children (< 18 years old)
were reviewed and those observational or lacked control
groups were excluded from the meta-analysis. The present
study used specific eligibility criteria based on the
population, intervention, comparison, outcomes and study
design (PICOS) approach (Table 1).

Table 1. Population, intervention, comparison, outcomes
and study design criteria for the inclusion of studies

Population Adult participants (healthy or unhealthy) aged
18 years or older

Intervention Additional whey protein supplement (isolate,
concentrate, hydrolysate or MBP) ingestion with

or without exercise

Comparison Placebo, no intervention or carbohydrate

Outcomes Lumbar-BMD, hip-BMD, Urinary NTX, serum
CTX, osteocalcin and IGF

Study design Human randomize control trial (parallel or

crossover studies)

Data extraction

Two independent investigators were responsible for the
extraction of data from each eligible RCT. Pre-designed
abstraction form was used to extract the following
information from the full-texts of included studies: first
author's name, publication year, country, characteristics of
individuals (e.g.,, mean age, BMI and sample size),
duration of intervention, type and dosage of
supplementation, control group details, exercise
intervention details and results. When relevant data were
missing, corresponding authors were reached via emails to
request their assistance. If data on bone health factors
were reported in various units, these were converted to the
most commonly used units.

Risks of bias assessment

In the present meta-analysis, Cochrane quality
assessment tool was used to assess the quality of studies
(29). This tool consisted of seven domains that were
assessed for each study, including random sequence
generation, allocation concealment, reporting bias,
performance bias, detection bias, attrition bias and other
sources of bias. Each domain received a score of "high
risk" if the study included methodological flaws affecting
its findings, a score of "low risk" if no defects in that
domain were reported and a score of "unclear risk" if
insufficient information were recorded to assess the
effects. The overall risk of bias for an RCT was
categorized as follows:

1. High-quality, if more than four domains had a "low
risk" score; 2. moderate-quality, if two or three domains
had a "low risk™ score; and 3. low-quality, if one or no
domains had a "low risk" score (30). Assessment of the
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risks of bias was carried out independently by two
reviewers.

Statistical analysis

The overall effect size was estimated using the mean
change and standard deviation (SD) of the relevant
outcomes. When mean changes were not reported, they
were calculated by analyzing changes in bone health
indicators such as lumbar-BMD, hip-BMD, Urinary NTX,
serum CTX, osteocalcin and IGF during the intervention.
To calculate standard mean differences (SMDs), standard
errors (SEs), 95% confidence intervals (Cls) and
interquartile ranges (IQRs) were converted to SDs using a
method described by Hozo et al. (31). If the outcome
measures were only present in figures, "GetData Graph
Digitizer" software was used to estimate the values. The
SD change was calculated using the following formula:

SD = \ rISD pretrs!atmsmt]2 + (SD ;mstrrea‘fment\2 — (2R = SD pretreatment = SD posttreatment\j

To assess the overall effect size, random-effect model
was used, regarding variabilities between the studies.
Heterogeneity was assessed using 12 statistic and
Cochrane's Q test. The 12 value > 50% or p < 0.05 for the
Q-test was reported as significant. Between-study
heterogeneity subgroup analyses were carried out based
on predefined variables such as type of supplementation
(whey against MBP), intervention duration (> 36 against <
36 w OR > 12 against < 12 w), health condition (healthy
and unhealthy) and exercising condition (exercise and no
exercise). Sensitivity analysis was carried out by
excluding each study to assess its effects on the pooled
results. Publication bias was investigated by assessing
funnel plots for asymmetry using Egger (32) and Begg
(33) tests. Statistical analysis was carried out using
STATA software v.14 (Stata, USA). Statistically
significant values were set at p < 0.05.

Results

Selection and identification of studies

Out of the initial 1139 publications, 378 duplicate
articles were excluded. After reviewing the remaining 761
records based on the title and abstract, 751 unrelated
articles were removed. This resulted in totally ten
publications to assess in full text. Two eligible articles
were published using the same dataset (19, 23, 34) and the
complete one was included (34). The final analysis
included nine eligible RCTs (18, 20, 23, 34-39). From
them, five studies assessed changes in lumbar-BMD (18,
20, 23, 36, 37), three studies focused on hip-BMD (36, 37,
39), three studies investigated NTx (18, 20, 34), three
studies analyzed CTx (35, 37, 38), three studies
investigated serum osteocalcin (18, 20, 34) and two
studies assessed IGF (37, 39). Flow diagram of the study
selection is outlined in Figure 1.
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Title and abstracts identified and screened (n=1139)

L J

Y

Did not meet the inclusion criteria (n = 1129)

1) Duplicate records excluded (n = 378)

2) Irrelevant (n = 751)

Full-text articles assessed for eligibility (n = 10)

v

Excluded full-text article with reasons:

1) Duplicate in dataset (n = 1)

A4

Studies included in qualitative synthesis (n=9)

Studies included in quantitative synthesis (meta-analysis)
(n=9)

Figure 1. Flowchart of the study selection for the inclusion trials in the systematic review

Characteristics of the included studies

Characteristics of nine RCTs included in the current
systematic review and meta-analysis are illustrated in
Table 2. These RCTs were published between 2001 and
2022. Two studies were exclusively carried out on male
subjects (36, 38), five studies on females (18, 20, 23, 34,
39) and others on the two sexes (37, 40). The total sample
size included 620 individuals; out of which, 319 subjects
were in the intervention group and 301 were in the control
group. Age range of the participants included 18-85 vy.
Based on the Cochrane scores, seven studies were
classified as high-quality studies (more than four items of
low risks) and two were classified as moderate-quality (2—
3 items of low risks). Result of the quality assessment is
reported in Supplementary File 1.

Findings from the systematic review

From seven studies assessing effects of whey or MBP
supplementation on BMD, four intervention arms from
three studies revealed significant increasing effects (18,
20, 23), two included no significant effects (36, 37) and
one included decreasing substantial effects (39). Of these,
four studies were linked to MBP supplements (18, 20, 23,
34) and three were linked to whey supplements (36, 37,
39). Three studies assessed NTx changes (18, 20, 34),
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which all reported significant NTx decreases. Three
studies assessed CTx changes (35, 37, 38); of which, one
reported significant increases (37) and two described no
changes (35, 38). Regarding changes in osteocalcin, two
trials illustrated significant increases following MBP
supplementation (18, 34) while one did not demonstrate
(20) and two trials reported serum IGF, which was
effective.

Findings from the meta-analysis

Overall, nine RCTs in the systematic review were
included in the meta-analysis. These trials included a total
sample size of 620 individuals aged 18 years and over.

Effects of whey and milk basic protein on lumbar-bone
mineral density

Based on the results of six effect sizes (five studies)
(18, 20, 23, 36, 37), no significant effects of whey and
MBP supplementation on lumbar-BMD were described
[weighted mean difference (SMD), -0.08 g/cm?; 95CI, -
0.33 to 0.16, p = 0.529] (Figure 2a). Heterogeneity
between the studies was low (/2 = 35.9%; p = 0.167).
Sensitivity analysis showed that the overall effect size
regarding the effects of whey and MBP supplementation
on lumbar-BMD levels did not depend on a single study
(Cl range, -0.33, 0.16).
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Table 2. Characteristics of the randomized controlled trials included in the current systematic review and meta-analysis.

- No. . .
Participants ] ; Durations . Exercise
Study Country Mean age BMI (intervention/ (week) Intervention Control intervention Result
control)
menopausal BMD-lumbar T
INT: 21.7+2.6 27 Lumbar-BMD 1T
Aoe etal. 2005 women Japan 50.5¢3.0 CON: 21.443.2 1413 24 WK MBP/ 40 mg per day 50- ml placebo beverage NTx |
(unhealthy) .
Osteocalcin &
33 NTx L
Aoe et al. 2001 healthy women Japan 28.8 8.7 NR 17/16 24 WK MBP/ 40 mg per day 50- mi placebo beverage Osteocalcin T
BMD-lumbar T
o healthy young . 35 NTx 1
Uenishi et al. 2006 women Japan 21.3+1.2 INT..21.012.3 17/18 24 WK MBP/ 40 mg per day 50-ml placebo beverage Osteocalcin 1
CON: 20.7+2.3
h BMD-lumbar T
healthy young ; INT:20.7 £ 1.7 53 MBP /250 ml whole milk added o
Zouetal. 2009 women china | 19606 | coN:205+2.2 29124 32 WK with 40 mg MBP nothing BMD %1
60 g/d whey hydrolysate + 10g/d
fiber . )
; 60 g/d maltodextrin + 10g/d fiber
. Adult with 31 Or 3d per week
Fuglsang-Nielsen et . . INT: 28+4 Or - CTx o
al. 2022 abdominal obesity Denmark >40 CON: 30+4 15/16 12 WK 60 g/d whey hy_drolysate + 30g/d 60 g/d maltodextrin + 30g/d fiber Rem_stgnce
(both) . 16/17 fiber training
INT: 29+2
CON: 29+4
BMD-hip
Kerstetter et al. healthy Men and 69.95+6.2 . 36 - BMD-lumbar «
2015 women 5 INT: 26.1+34 92/79 OR 45 g whey protein isolate maltodextrin CcTx1
USA CON: 26.1+3.4 72 WK IGE 1
twice/week
osteosarcopenic high intensity
kemler et al. 2020 men Germany | > 72 years 21/22 72 WK 100 g protein powder (360 kcal) dynamic BMD-hip T
unhealthy NR contained 80 g of (whey) protein nothing resistance BMD-lumbar T
exercise
Healthy 22.10+3.5 38.6 g of protein consisting of T physical
Sefton et al. 2020 male soldiers USA 1 NR 23/25 9 WK 80% whey protein concentrate carbohydrate in liquid-shake training CTx &
healthy ambulant . ~ . 179 L BMD-hip {
Zhuetal. 2011 women, Australia 70-80 égTszglzii% 91/88 12 WK 30 g of whey protein isolate placebo drink containing 2.1 g of protein IGE 1

Abbreviations. BMI: body mass index, CON: control group, INT: intervention group, WK: week, MBP: milk basic protein, BMD: bone mineral density, NTx: N-terminal telopeptide of type I collagen,
NR: non-report, CTx: C-terminal telopeptide of type | collagen
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Subgroup analyses by type of supplementation

Based on the results of six effect sizes, three arms from
whey (36, 37) and three arms from BMD (18, 20, 23),
whey or MBP supplementation included no significant
effects on lumbar-BMD (p = 0.367 and p = 0.859,
respectively) (Table 3).

Subgroup analyses by type of duration

Based on the results of six effect sizes, four arms from
<36 w (18, 20, 23, 37) and two from > 36 (36, 37), whey
and MBP supplementation included no significant effects
on lumbar-BMD within duration of < 36 or > 36 w (p =
0.910 and p = 0.376, respectively) (Table 3).

Effects of whey on hip-bone mineral density

Pooled effect size from three studies (36, 37, 39)
containing four arms did not reveal significant changes in

Table 3. The subgroup analysis of this study

hip-BMD following whey protein supplementation (SMD,
-0.23 g/cm?; 95% Cl, -1.17 to 0.70%; p = 0.626) (Figure
2b]. Heterogeneity between the studies was high (I? =
96.3%; p = 0.001). Sensitivity analysis showed that the
overall effect size regarding the effects of whey
supplementation on hip-BMD levels did not depend on a
single study (Cl range, -1.17, 0.70).

Subgroup analyses by type of duration

Based on the results of four effect sizes (36, 37, 39),
two arms from < 36 w (37, 39) and two from > 36 w (36,
37), whey and MBP supplementation included no
significant effects on hip-BMD within duration of < 36 or
> 36 w (p=0.318 and p = 0.378, respectively) (Table 3).

lumbar BMD
Subcategories Effect size,n  12(%) P-heterogeneity SMD (95%CI) P-value
Type
Whey 3 64.8 0.058 -0.17 -0.54t00.20 0.368
MBP 3 0.0 0.402 0.03 -0.33t00.40 0.859
Pooled 6 35.9 0.167 -0.08 -0.33t00.16 0.491
durations
<36wk 4 0.0 0.606 0.01 -0.22t00.25 0.910
>36 wk 2 80.6 0.023 -0.35 -1.13t00.43 0.376
Hip BMD
Type
whey 4 96.3 0.001 -0.23 -1.17t00.70 0.626
durations
<36 wk 2 98.1 0.001 -0.83 -2.461t00.80 0.318
>36 wk 2 81.1 0.021 0.36 -0.43t01.15 0.374
NTX
Type
MBP 6 84.6 0.001 -0.89 -1.69t0-0.10 0.028
durations
<12 wk 3 91.8 0.001 -0.78 -2.35t0-0.79  0.331
>12 wk 3 65.5 0.055 -1.02 -1.76t0-0.27  0.007
CTx
Type
whey 5 98.6 0.001 210 -0.55t04.75 0.121
Exercising condition
exercise 3 0.0 0.780 -0.22 -0.59100.15 0.247
No exercise 2 0.0 0.353 5.59 5.03t0 6.16 0.001
Osteocalcin
Type
MBP 6 93.9 0.001 0.39 -0.95t01.73 0.576
durations
<12 wk 3 95.7 0.001 -0.33 -2.60t01.94 0.774
>12 wk 3 93.8 0.001 110 0.78102.99 0.251
IGF
Type
whey 3 58.1 0.092 355 3.12t03.98 0.001

Abbreviation: SMD: standard mean difference, CI: confidence interval, MBP: milk basic protein, wk: week,
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Fig. 2a. Lumbar-BMD
Study

SMD (95% CI)

Weight %

Aosetal. 2005 b . 0.43 (-1.19,0.34) 829
i
Usnishi et al. 2006 b T 020 (-0.47, 0.86) 1039
i
Zou et al. 2009 T 0.15 (-0.39, 0.70) 1413
i
Kerstetter et al. 2015 —_— 0.00 (-0.30, 0.30) 27.85
i
Kerstetter et al. 2015 b _— 0.00 (-0.30, 0.30) 27.85
i
kemler et al. 2020 X -0.80 (-1.42, 0.18) 1150
i
T
Overall (-squared = 35.9%. p = 0.167) <:> -0.08 (033, 0.16) 100.00
|
NOTE: Weights are from random sffects analysis i
I
T ; T
142 [ 142
Fig. 2b. Hip-BMD
Study SMD (95% CT)  Weight %
i
|
i
Zhuetal 2011 s ! -1.67(-2.01,-133) 2537
i
i
Kerstetter et al 2015 a . 0.00 (-0.30, 0.30) 25.56
i
!
i
Kerstatter et al. 2013 b _— 0.00 (-0.30, 0.30) 25.56
|
i
|
feemler et al. 2020 ! —_— 0.81 0.19, 1.49) 2351
i
!
i
Overall (I-squared = 96.3%, p = 0.000) ! 023 (-1.17,0.70) 100.00
j
i
!
|
i
NOTE: Weights are from random effects analysis :
i
T ; T
-201 0 201
Fig. 2c. NTx
Stl,ldy SMD (95% CI)  Weight %
i
Aceetal 2001 a e — E -2.60 (-3.54, -1.66) 15.50
|
Aoeetal 2001 b —_— -1.81 (-2.62, 0.99) 16.37
!
i
Age etal 2005 a | —t— 0.10 (-0.65, 0.86) 16.80
!
i
Aceetal 2005b —_—— -0.78 (-1.56, 0.01) 16.60
!
i
Uenishi et al. 2006 a | — 0.07 (-0.59, 0.73) 17.41
i
1
Uenishi et al. 2006 b —_— -0.54 (-1.22, 0.13) 17.33
|
Overall (I-squared = 84.6%, p = 0.000) <> -0.89 (-1.69, -0.10) 100.00
T
!
i
NOTE: Weights are from random effects analysis i
|
T ; T
-3.54 1] 354
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Fig. 2d. CTx

Study

Kerstetter et al 2015a
Kerstetter etal 20156
Sefton ot al. 2020
Fuglsang-Nislsen st al. 2022 a
Fuglsang-Nislsen et al. 2022 b

Overall (I-squared = 98.6%, p = 0.000)

NOTE: Weights are from random effects analysis

SMD (95% CT)

—_— 535(438.611)

—— 588 (5.05,671)

— 015 (-071,042)
RN 012 (-0.82, 0.59)
— 043 (-1.12,0.26)

2.10(-0.35, 4.73)

Weight %

1996

1990

2011

20.01

20,02

100.00

NOTE: Weights are from random effects analysis

6.71 1] 6.71
Fig. 2e. Osteocalcin
Study SMD (95% CT) Weight %
i
Aceetal 2001 a _— i 277 (-3.74.-1.80) 16.30
i
Aocc et al 2001 b — -0.15 (-0.84, 0.53) 17.03
i
Aoe et al. 2005 a —r 0.26 (-0.50, 1.02) 16.86
i
,
Aoceetal 2005 b —T— 0.22 (-0.53, 0.98) 16.86
i
,
Uenishi et al. 2006 a | — 1.45 (0.70, 2.20) 16.88
i
,
Uenishi et al. 2006 b ! —_——————— 336(2.31, 4.41) 16.07
i
;
Overall (I-squared = 93.9%, p = 0.000) <> 0.39 (-0.95, 1.73) 100.00
+
|
i
NOTE: Weights are from random effects analysis i
T : T
-4.41 0 4.41
Fig. 2f. IGF
study SMD(95%CI) Weight %
:
Fhu et al. 2011 :—0— 3.91(3.41,442) 3200
.
:
i
Kerstetter et al. 2015 a —_— 3.17 (2.72, 3.62) 35.00
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Figure 2. Forest plot for the effects of whey and MBP supplementation on (a) lumbar-BMD, (b) hip- BMD, (c) NTx, (d) CTx,
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Effects of milk basic protein on urinary N-terminal
telopeptides of type I collagen

In total, six effect sizes from three RCTs (18, 20, 34)
were included in the meta-analysis. Combining the effect
sizes, these studies showed a large heterogeneity in effect
sizes (12 = 84.6%; p = 0.001). MBP supplementation
induced significant decrease in NTx (SMD, -0.89
nmol/mmol; CI, -1.69 to -0.10%; p = 0.028) (Figure 2c].
Sensitivity analysis showed that the overall effect size
regarding the effects of MBP supplementation on NTXx
levels depended on a single study [Aoe et al. 2001 (34)]
(Cl range, -1.21, 0.07).

Subgroup analyses by type of duration

Based on the results of six effect sizes, three arms from
< 12 w and three arms from > 12 w, MBP
supplementation included no significant effects on NTX
within duration of < 12 (p = 331) (Table 3) and included
significant decrease effects on NTx within duration of >
12 w (p = 0.007) (Table 3).

Effects of whey and whey protein on serum C-terminal
telopeptides of type I collagen

Combined effect sizes of three studies (35, 37, 38)
containing five arms demonstrated no significant changes
in CTx following whey protein supplementation (SMD,
2.1 ng/l; 95% CI, -0.55 to 4.75%; p = 0.121) (Figure 2d].
These studies showed a large heterogeneity in effect sizes
(12=98.6 %; p = 0.001). Sensitivity analysis showed that
the overall effect size regarding the effects of whey
supplementation on CTx levels did not depend on a single
study (ClI range, -0.55 to 4.75).

Subgroup analyses by exercising condition

Based on the five effect sizes, whey supplementation
(three arms) included no significant effects on CTx within
exercising conditions (p = 0.247) (Table 3). Pooled effects
of why supplementation (two arms) on CTx within no
exercising conditions included increases with significance
(p =0.001) (Table 3).

Effects of whey and milk basic protein on osteocalcin

Based on the result of three studies (18, 20, 34)
containing six effect sizes, MBP supplementation failed to
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change osteocalcin (SMD, 0.39 ng/ml; 95% ClI, -0.95 to
1.73%; p = 0.576) (Figure 2e). Heterogeneity between the
studies was high (I? = 93.9%; p = 0.001). Sensitivity
analysis showed that the overall effect size regarding the
effects of MBP supplementation on osteocalcin did not
depend on a single study (CI range, -0.95, 1.73).

Subgroup analyses by type of duration

Based on the results of six effect sizes, three arms from
<12 w (18, 20, 34) and three arms from > 12 w (18, 20,
34), MBP supplementation included no significant effects
on osteocalcin within duration of < 12 or > 12 w (p =
0.774 and p = 0.251, respectively) (Table 3).

Effects of whey supplementation on insulin-like growth
factor

After combining three effect sizes from two studies
(37, 39), pooled effects data analysis indicated that whey
supplementation resulted in significant increases in IGF
(SMD, 3.55 nmol/l; 95% Cl, 3.12 to 3.98%; p = 0.001; I2
= 58.1%; p = 0.092) (Figure 2f]. Sensitivity analysis
showed that the overall effect size regarding whey
supplementation's effects on IGF levels did not depend on
a single study (Cl range, 3.12, 3.98).

Publication bias

Based on Begg regression test, no evidence of
publication bias were reported for studies assessing effects
of whey and MBP supplementation on lumbar-BMD (p =
0.851), hip-BMD (p = 1.000), osteocalcin (p = 0.707) and
IGF (p = 0.296). In addition, Eggers regression test
showed no significant publication bias for lumbar-BMD
(p = 0.415), hip-BMD (p = 0.763), NTx (p = 0.032), CTx
(p = 0.121), osteocalcin (p = 0.856) and IGF (p = 0.090).
However, a publication bias was detected for NTx (Begg,
p = 0.024; Egger, p = 0.032) and CTx (Begg, p = 0.027).
The current study carried out trim-and-fill method and
reported that addition of one missing studies caused no
effects on significances of NTX and CTx (SMD, -1.09
nmol/mmol; 95% ClI, -1.89, -2.69; SMD, 1.15 ng/l; 95%
Cl, -1.51, 3.83, respectively) (Figure 3A-F).
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Figure 3. Funnel plot for the effects of whey and MBP supplementation on (A) lumbar-BMD, (B) hip- BMD, (C) NTx, (D)
CTx, (E) osteocalcin and (F) IGF

Discussion

Several factors affect maintenance of the bone mass.
Protein is one of the affecting factors, which is harmful
and beneficial for bone health depending on various
factors, including level of proteins in the diet, protein
source, calcium intake, weight loss and acid/base balance

Nutrition and Food Sciences Research

of the diet. Milk and its associated products are addressed
as critical dietary components for the skeletal health since
they are rich in minerals and high-quality proteins. Indeed,
high quality protein in diets can include positive effects on
bone health by maintaining muscle mass, increasing
calcium absorption, suppressing parathyroid hormone and
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stimulating insulin-like growth factor 1. Beneficial effects
of dairy products on bone health have been revealed by
studies, particularly in humans (41, 42). Relationships
between the quantity of milk protein intakes and fracture
risks varied depending on the population, dairy products
and duration of consumption (43-45). Milk protein, as a
complete or exclusive active component in addition to
milk-derived various bioactive peptides, can carry
minerals to enhance mineral bioavailability, modify bone
metabolism and intercede multiple stages of bone
remodeling (46—48). Therefore, a systematic review and
meta-analysis was carried out to clarifying these results.
To the best of the authors’ knowledge, this was the first
systematic review and meta-analysis that investigated
effects of milk (whey) protein intake on bone health-
linked mediators.

Based on the current results, MBP or whey protein
intake could not change the lumbar BMD significantly. A
limited number of included studies might be the reason for
this result. However, another meta-analysis study by
Wirunsawana et al. showed statistically significant
improvements of BMD at the lumbar spine favoring whey
protein and milk as the basic protein group, compared
with the control group (49). Results for Hip BMP were
similar and no significant changes were seen.
Significantly, heterogeneity was high. The present study
showed that MBP supplementation significantly decreased
urinary NTX, a bone resorption marker, especially in the
subgroup of more than 12 w of supplementation. This
showed that duration included significant effects on the
intervention studies. However, it was revealed that one of
the studies significantly affected results, which included
moderate risks of bias. Further high-quality studies are
needed to verify effects of MBPs on NTx. Based on the
results of this study, MBP consumption included no
significant effects on serum concentrations of osteocalcin,
a bone formation marker. High heterogeneities between
the studies might be the reason for these results, although
quality of the studies was high. The mechanism of how
osteocalcin can affect bones is not declared; however, it
has been illustrated that MBP contains active components
to promote cell proliferation and collagen synthesis by the
osteoblasts (50). In addition, it is verified that osteocalcin
is secreted solely by the osteoblasts, including effects on
bone mineralization and density. It is noteworthy that the
urinary NTx excretion was linked to serum osteocalcin in
group that consumed MBP, compared to the control group
(20). Hence, it might indicate that MBP maintained the
balance of bone remodeling via NTx and osteocalcin (20).

Regarding CTx, results showed no significant changes
after milk protein (whey) consumption. However,
statistically significant increases were observed in the
subgroup of participants with no exercise. Exercising
regularly can include specific effects on bone metabolism.
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Since serum CTx is an essential factor in assessing bone
resorption (51, 52), a study revealed that only a 40-min
downhill exercise of supra-threshold speed-enhanced
momentum could increase the three osteogenic ratios
(CICP/CTx, OCI/ICTX and BALP/CTx), which meant
decreases in serum CTx levels. According to the authors,
failure of anabolic outcome in 40-min laborious exercise
could be a sustained increase of PTH concentration, as its
high morning increase enhanced the CTx circadian rhythm
(53). Similar to the present study, a possible reason for
increases in serum CTx level under the effects of milk
protein consumption in the subgroup of individuals with
no exercise was high PTH level as the result of having no
exercise. Furthermore, blood samples were collected in
the early morning. It seems that further studies are
necessary to assess effects of various types of exercises
with protein supplementation on CTx as well.

Although providing amino acids as substrates for
building matrix is crucial, protein intake has been
demonstrated to positively link to the increased circulating
levels of IGF-1, a bone growth-promoting factor (26, 54).
The IGF-1 plays specific roles in activating osteoblast
differentiation program and regulating 25-dihydroxy
vitamin D3 1la-hydroxylase activity and tubular
reabsorption of phosphate in kidneys (55). In verification
of these contents, this meta-analysis showed significant
increases in IGF-1 after consumption of whey protein,
even though the heterogeneity was significant. It is further
helpful if the serum procollagen type 1N propeptide
(P1NP), an acceptable biomarker to assess bone formation
and as a predictor of future bone fractures (51) was
measured as well making the current perception clearer,
especially by increasing the PLNP/CTx ratio as an
indicator of bone metabolism and health (56-58).

To the best of the authors’ knowledge, this study was
the first systematic review and meta-analysis, which
investigated effects of whey or milk protein on bone
health biomarkers. In the present study, the aim included
the most associated biomarkers to bone health; therefore,
outcomes were limited to lumber and hip BMD, urinary
NTX, serum CTX, osteocalcin and IGF-1. For the future
studies, it seems necessary to assess further factors such as
BMI, age, summer or winter, type of exercise and
consuming other types of supplements. However, the
present study did not include enough access to the
information for addressing all of these factors. Moreover,
the number of studies included in this meta-analysis was
small. Hence, further randomized clinical trials are
recommended to disclose the exact effects of consuming
MBPs or whey protein on the health biomarkers of bones.
Moreover, it is recommend to carry out other systematic
reviews and meta-analyses to investigate effects of
consuming other types of proteins on bone health
parameters.
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Conclusion

Several possibilities can explain discrepancies in results

of studies. Various factors can affect the results about the
effects of consuming MBPs or whey proteins on bone
health mediators. It is recommended to carry out further
specific and precise RCTs, focusing on details in this
field.
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