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It is still debate of the relationship between the dietary protein consumption and risk of fracture. We
searched Medline and Embase to assess the effects of dietary protein consumption on risk of fracture. Twelve
prospective cohort studies with 407,104 participants were included, higher total protein consumption may
be decrease 11% risk of hip fractures, with adj. RR of 0.89 (0.82, 0.97), no significant difference was found for
total protein and risk of all fractures and limb fracture; for animal protein consumption and risk of all
fractures and hip fracture, with adj.RR of 0.79 (032, 1.96) and 1.04 (0.70, 1.54); for vegetable protein
consumption and risk of all fractures, hip fracture and limb fractures with adj.RR of 0.77 (0.52, 1.12), 1.00
(0.53,1.91), and 0.94 (0.40, 2.22), the subgroup of vegetable protein consumption and risk of all fractures of
postmenopausal women with adj.RR of 0.78(0.52,1.16). Dose-response meta-analysis the relationship of
total/animal/vegetable protein and hip fracture was consistent to the results of forest plot, the line of total
protein and hip fracture was below the Y = 1.0 line. This meta-analysis showed that total dietary protein
consumption may be decrease the risk of hip fracture, but not for animal or vegetable protein.

global burden'~. One study predicted that may be the number of hip fractures will rise to about 6.26 million
world widely at 2050*. How to prevent to fracture is a big issue among current researchers and doctors.

Protein is one of important factors that involved in bone metabolism. Beasley reported® that the higher protein
consumption could decrease the risk of hip and forearm fracture, and some other studies®” reported higher
protein consumption was not associated with a decrease of fracture. Feskanich et al® reported the high protein
consumption may be increase the forearm fracture; overall, the reports were inconsistent.

Another problem is that may be different source of protein may be effect the risk of fracture. It was reported that
animal protein might have a greater negative effect on bone health than vegetable protein’, because animal protein
increase the urinary calcium excretion. However, the results were inconsistent to others studies'®"". Therefore, the
relationship between protein consumption and risk of fracture was still debate.

The aim of this review is to evaluate the evidence from prospective studies on the relation between protein
consumption and the risk of fracture, and to subgroup evaluate animal protein and vegetable protein consump-
tion and the risk of fracture. To clear the risk of different site fracture, we evaluate the fracture by all fractures, hip
fracture, vertebral fracture and limb fracture.

F racture is a significant cause of morbidity and mortality, especial for aged patients, and it is a challenging

Methods

The present study was accorded to the preferred reporting items for systematic review and meta-analyses (PRISMA) guidelines (Checklist
S1)'.
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4 not prospective cohort studies
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10 letters or editorial or news or others

A 4

Studies included in qualitative
synthesis and meta-analysis
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Figure 1 | The selection of literatures for included studies.

Search strategy. We searched the database of Medline and Embase on July 20, 2014,
using the Key words of “dietary protein,” or “dietary animal protein,” or “dietary
vegetable protein,” or “dietary plant protein” and “fracture,” or “hip fracture,” or
“vertebral fracture,” or “limb fracture”. The function of “related article” was also used
for search. The references of retrieved articles were manually searched to avoid initial
miss.

Selection criteria. Studies were included in this meta-analysis according to the
following criteria: 1) designed as a prospective cohort study; 2) the exposure of
interest in protein consumption or animal protein consumption or vegetable/plant
protein consumption; 3) the primary outcome of interest in all fractures of the whole
body or hip fracture or vertebral fracture or limb fracture; 4) the relative risk (RR)
estimates with 95% confidence intervals (CI) were reported or could be calculated by
data reported. If the data were duplicated and reported in more than one study, only
the study of the largest number of cases was included. All potential studies were
reviewed independently for eligibility by two authors (AMW and ZY), and any
disagreement was discussed and resolved with the third independent author (XLS). If
the data of dose, case of fracture and person-years could be extracted, it will be
included into dose-response meta-analysis.

Data extraction. Two reviewers (QSH and ZYH) independently extracted data for
analysis, and the third reviewer checked the consistency between them. A standard
data extracted form was used, including the first author’s last name, publication year,
sample size, country where the study was performed, the gender and age of
participants, measure or exposure (Total protein or animal protein or vegetable
protein), variables adjusted for analysis, and RR estimates with corresponding 95%
ClIs for each category of protein. If there were two or more RRs of different potential
confounders, we extracted the RRs that reflected the greatest degree of control for
potential confounders. If necessary, the primary authors were contacted to retrieve
additional information. The study quality was assessed by using the Nine-Star
Newcastle-Ottawa Scale.

Statistical analysis. The methods of statistical analysis of this study are refer to
previous similar studies'*". In STATA software, on the use of fixed effects model and

random effects model for homogeneity data have the same results, therefore, we
combine Study-specific RR using a random effects model, which considers both
between study variation and within study*®.

The protein was divided into three types: total protein, animal protein and veget-
able protein; and the fractures were divided into four types: all fractures of whole
body, hip fracture, vertebral fracture and limb fracture. If there were more than two
studies report the same type protein and the risk of the same type fracture, the data
will be pooled into meta-analysis, and the highest protein consumption category
(Quartile or Tertile) vs. the lowest category were pooled for synthesis. If data of dose,
case of fracture and person-years could be extracted from more than 2 studies about
the relationship between one type protein consumption and risk of one type fracture,
dose-response meta-analysis will be performed to analyze the relation of them. The
method of dose-response meta-analysis was according to Orsini and colleagues,
whereas the methods of random-effects meta regression models were according to
Greenland and colleagues'”'®.

In subgroup of vegetable protein consumption for the risk of all fractures of whole
body, two studies'>*° reported the menopause status of women; therefore, we pooled
them in another subgroup meta-analysis for postmenopausal women only.

Q and I? statistics were used to evaluate the statistical heterogeneity*'. Sensitivity
analysis involved removing one study and evaluating whether the rest results would
be markedly affected. Potential publication bias was evaluated by the method of
Egger’s regression asymmetry test®. All statistical tests were performed with the
STATA software (version 12.0; StataCorp, College Station, TX, USA).

Results

Literature search. The selection of literature for included studies is
shown in Figure 1, total of 1071 potential records were identified
from the databases, and 162 duplicated articles were excluded first,
then the 836 articles was excluded by abstract screen, 73 full articles
were retrieved, at last, 12 prospective cohort studies included for
synthesis and meta analysis>**'"*?>>72% were included for meta
analysis.
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Study characteristics. The characteristics of the included dietary
protein consumption studies are showed in Table 1, and the dose
of protein consumption of included studies were showed in Table 2.
The total number of participants is 407,104 with 41,659 all fractures
of the whole body, 4,000 hip fractures, and 9,599 limb fractures in the
included 12 studies. Nine studies were conducted in the United States
and Canada, two in Europe, and one in Asia. The Nine-Star
Newcastle-Ottawa Scale results of included studies were showed in
Table 3.

Dietary total protein consumption and risk of fracture. Only one
study® concerns the relation between dietary total protein
consumption and risk of vertebral fracture, therefore, cannot reach
a meta-analysis. The total protein consumption and risk of all
fractures of the whole body, hip fractures and limb fracture are
shown in Figure 2. Our present meta-analysis of highest vs. lowest
category shows that the adjusted relative risk (adj.RR) of total protein
consumption for hip fractures is 0.89 (0.82, 0.97), has a statistic
significantly difference, and decrease 11% risk of hip fractures.
Others, for all fractures is 0.99 (0.97, 1.02), limb fractures is 1.05
(0.81, 1.37), no significant difference is found. Heterogeneity is
observed at subgroup study of total protein consumption and risk
of limb fractures (I> = 90.0%, P = 0.002).

Dietary animal protein consumption and risk of fracture. No
study reported the dietary animal protein consumption and risk of
vertebral fracture, only one study reported the dietary animal protein
consumption and risk of limb fracture®, therefore, cannot reach
meta-analysis of above two indications. The highest vs. lowest
category shows that adj.RR of animal protein consumption for risk
of all fractures of whole body is 0.79 (0.32, 1.96), and for risk of hip
fractures is 1.04 (0.70, 1.54). Heterogeneity is observed at studies of
risk of all fractures (I* = 69.8%, P = 0.069), of hip fracture (I* =
51.6%, P = 0.083). (Figure 3)

Dietary vegetable protein consumption and risk of fracture. No
study reported the dietary vegetable protein consumption and risk of

vertebral fracture. The adj.RR of highest vs. lowest category of all
fractures is 0.77 (0.52, 1.12), of hip fractures is 1.00 (0.53, 1.91), of
limb fractures is 0.94 (0.40, 2.22). Heterogeneity is observed at
studies of risk of all fractures (I’ = 86.4%, P = 0.001), of hip
fracture (I* = 56.9%, P = 0.098), of limb fracture (86.1%, P =
0.001). Two studies reported the vegetable protein consumption of
postmenopausal women and risk of all fractures, the adj.RR of
subgroup meta-analysis of postmenopausal women only is 0.78
(0.52, 1.16, I* = 93.1%, P = 0.000). (Figure 4)

Dose-response meta-analysis. Only the data of three sub-studies
(total protein intake and risk of hip fracture, animal protein intake
and risk of hip fracture, vegetable protein intake and risk of hip
fracture) meet dose-response meta-analysis. The adj.RR of total
protein intake and risk of hip fracture is below the line of RR = 1
(Figure 5A), others two adj.RRs of animal protein intake and risk of
hip fracture, vegetable protein intake and risk of hip fracture is
spanning the line of RR = 1 (Figure 5B/C). The result is consistent
to the forest plot of Figure 2, 3 and 4.

Sensitivity analysis and publication bias. The results of sensitivity
analysis suggest that either the study of Dargent-Molina et al.*® or
Zhang et al." omitted could decrease the heterogeneity of subgroup
meta analysis of vegetable protein consumption and risk of all
fractures, however, the studies of Dargent-Molina et al.** or Zhang
et al."” both reported the risk of postmenopausal women, however,
the study of Nieves et al.”’ is not about postmenopausal women,
therefore, combine study of Nieves et al”’ to either Dargent-
Molina et al.*® or Zhang et al.” is unreasonable. Therefore, we only
did subgroup meta-analysis of postmenopausal women. The
influence of each individual data set to the pooled RRs is not
significant for all of other subgroup meta analysis (Supplemental
Figures File 1). The Egger’s test shows no evidence of publication
bias of the total protein for all fractures or hip fracture (P = 0.286; P
= 0.054), animal protein for hip fractures (P = 0.855), vegetable
protein for all fractures or hip fractures or limb fractures (P =

Study

adjRR (95% Cl)
Total protein for all fracture
Beasley et al 2014 L 0.99 (0.97, 1.02)
Dargent-Molina et al 2008 - 1.06 (0.94, 1.19)
Key et al(Woman) 2007 —_— 0.97 (0.74,1.27)
Key et al(Man) 2007 1.29 (0.72, 2.31)
Subtotal (l-squared = 0.0%, p = 0.565) { 0.99 (0.97, 1.02)
Total protein for hip fracture
Beasley et al 2014 - 0.91 (0.84, 1.00)
Misra et al 2011 —_— 0.63 (0.37, 1.09)
Munger et al 1999 € 0.44 (0.16, 1.22)
Sahni et al 2010 0.76 (0.37, 1.57)
Feskanich et al 1996 e 0.96 (0.64, 1.45)
Mussolino et al 1998 0.55 (0.20, 1.55)
Subtotal (l-squared = 0.0%, p = 0.439) '®) 0.89 (0.82, 0.97)
Total protein for limb fracture
Beasley et al 2014 ~+ 0.93 (0.88, 0.98)
Feskanich et al 1996 —_— 1.22 (1.04, 1.43)
Subtotal (I-squared = 90.0%, p = 0.002) = 1.05 (0.81, 1.37)

T l
16 1 2.3

Figure 2 | Adjusted Relative Risk of fracture (all or hip or limb fracture) for the highest vs. the lowest category of total dietary protein consumption.
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Animal protein for all fracture

Nieves et al 2010 -

adj.RR (95% Cl)

Dargent-Molina et al 2008

Subtotal (I-squared = 69.8%, p = 0.069)

Animal protein for hip fracture

-<:+>—

0.42 (0.15, 1.20)
1.11 (0.98, 1.24)

0.79 (0.32, 1.96)

Munger et al 1999 *
Sahni et al 2010

Meyer et al (Woman) 1997

Meyer et al (Man) 1997

Feskanich et al 2008

Subtotal (I-squared = 51.6%, p = 0.083)

0.31(0.10, 0.93)

- 2.08 (0.97, 4.47)

0.96 (0.62, 1.49)

o 1.30 (0.63, 2.68)
— 0.98 (0.65, 1.47)

1.04 (0.70, 1.54)

T
A

|
1 4.47

Figure 3 | Adjusted Relative Risk of fracture (all or hip or limb fracture) for the highest vs. the lowest category of dietary animal protein consumption.

0.701; P = 0.905; P = 0.949). Only two studies included in the
subgroup meta-analysis of total protein for limb fractures and
animal protein for all fractures, therefore, the Egger’s test is error
for them and the P value of Begg’s test is P = 1.000 for both of them.

Discussion

Fracture is a major global health problem. Many factors were sup-
posed to decrease or increase the risk of fracture, such as age, BMD,
physical activity, smoke, calcium, Vitamin D, Vitamin A and
Vitamin K****. Protein is an important source of amino acid which
to maintain bone structure, or stimulate some growth factors such as
insulin-like growth factor I (IGF-I), then to increase the activity of
osteoblast and the mineralization of bone matrix***, and the inad-
equate dietary protein may influence the bone strength and increase
risk of fracture®®”. Some other concerns the relationship of high
protein consumption and bone health are: 1) may be the protein will
increase urinary calcium; 2) the protein could increase intestinal
calcium absorption; 3) high dietary protein consumption may be
act indirectly through preservation of muscle, and decrease falls
and fractures®®*°. However, the associate between the dietary protein
consumption and risk of fracture is still dispute.

In 2009, Darling et al.” meta analyzed the associate between the
dietary protein and risk of hip fractures, three studies of total protein,
three animal protein and two vegetable protein prospective reports
were included by their study, and no associate between of dietary
protein and risk of hip fracture was found at that time. In our present
meta-analysis, added the recent publications, six studies of total
protein, four of animal protein and three of vegetable protein pro-
spective studies are pooled for analysis. We find that adjusted relative
risk (adj.RR) of total protein consumption for hip fractures is 0.89
(0.82, 0.97), has a statistic significantly decrease 11% risk of hip
fracture.

However, no benefit is found at meta-analysis of total protein for
all fractures of the whole body and limb fracture. May be the included
studies of them are still too small, only two or three different reports.
Moreover, the hip fracture is more fragility than other sites, especially
for aged participates; therefore, it may be prior fracture than other
sites.

Some reports suggested that the different source of protein from
animal or vegetable will be effect the risk of fracture varies. Sellmeyer
et al.’ reported that more vegetable protein intake and less animal
protein intake may decrease bone loss and the risk of hip fracture,
however, Hannan et al.*! reported that higher animal protein con-
sumption was not associated with a decrease in bone mineral density.
In study of Munger et al.', the higher animal protein intake had a
lower risk of fracture than the lower animal protein intake category.
In this meta-analysis, no difference is found by subgroup meta-ana-
lysis of animal protein and vegetable protein for all fractures, hip
fracture and limb fracture. Because the higher total protein con-
sumption is benefit for risk of hip fracture, may be this benefit is
doesn’t matter what the protein source from animal or vegetable.

The strength of our present meta-analysis study is that our quant-
itative assessment is based on prospective studies, compared to ret-
rospective and case-control studies, these prospective studies
minimizes the possibility of the recall and selection bias. In 2009,
Darling et al.” reported a meta-analysis of the associate between the
dietary protein and risk of hip fracture; only four prospective studies
were included for fracture risk meta-analysis at that time, without
dose-response analysis. To the best of our knowledge, this is the first
meta-analysis of the relationship between total/animal/vegetable
protein and risk of all fractures, hip fracture and limb fracture based
on prospective cohort studies, and a quantitative dose-response
assessment of the relationship between protein consumption and
risk of both hip fractures. Moreover, our study including the large
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Figure 4 | Adjusted Relative Risk of fracture (all or hip or limb fracture) for the highest vs. the lowest category of dietary vegetable protein consumption.

number of participants, long duration of follow-up, and most indi-
vidual studies are well powered.

There are also many limitations of our present study. Only one
study report the risk of vertebral fracture®, therefore, cannot be meta-
analysis. For some subgroup meta-analysis, such as total protein and
limb fractures, animal protein and all fractures, the included studies
are only two, and more prospective studies needed to be taken in
future. Only the data of total/animal/vegetable protein and risk of hip
fracture is sufficient for dose-response meta-analysis, others don’t
have enough data, and can’t reach a dose-response meta-analysis.

B Dose response of animal protein intake and hip fracture

Another limitation of this meta analysis is that: although the sig-
nificant result data of total protein consumption for hip fracture
without heterogeneity (I = 0.0%, P = 0.439), many other subgroup
meta analysis have significantly heterogeneity, if these data have a
significant result, which is suspected, the fortunate is that all of these
heterogeneity data do not show any significant results.

Conclusion
Total dietary protein consumption may be decrease the risk of hip
fracture, but not for all fractures and limb fracture. No current evid-
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- 10.00 /s

3.00 -

________________ 1.00+

2.004

0.00+

A Dose response of total protein intake and risk of hip fracture
- 5.00 —
/// \\\
- \
4 4.00-| 7 A
© / &
-— /
- ~~ ’
- S -~
- = \\\ S 3.00
o s RR
2.00
- —_—
1.00
e (N U
T 0.00
40 60 80 100 120 20 40 50

Total protein, g/day

Animal protein, g/day

y T T
60 70 80 20 10 15 20 25 30 35
Vegetable protein, g/day

Figure 5 | Dose-response relationship between total protein (A) or animal protein (B) or vegetable protein (C) and relative risk of hip fracture.
Solid line represents adjusted relative risk and dotted lines represent the 95% confidence intervals for the fitted trend. The adj.RR of total protein intake
and risk of hip fracture is below the line of RR = 1 (A), others two adj.RRs of animal protein intake and risk of hip fracture, vegetable protein intake and
risk of hip fracture is spanning the line of RR = 1 (B and C). The result is consistent to the forest plot of Figure 2, 3 and 4.
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ence shows the animal or vegetable protein could decrease or
increase the risk of fracture.
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