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Abstract

Background: Dairy product consumption may affect the risk of hip fracture, but previous studies have reported
inconsistent findings. The primary aim of our meta-analysis was to examine and quantify the potential association
of dairy product consumption with risk of hip fracture.

Methods: We searched the databases of PubMed and EMBASE for relevant articles from their inception through April

17,2017. The final analysis included 10 cohort studies and 8 case-control studies. Random-effects models were used to
estimate the pooled risk. Subgroup and dose-response analyses were conducted to explore the relationships between
the consumption of milk and the risk of hip fracture.

Results: After pooling the data from the included studies, the summary relative risk (RR) for hip fracture for highest
versus lowest consumption were 0.91 (95% Cl: 0.74-1.12), 0.75 (95% Cl: 0.66-0.86), 0.68 (95% Cl: 0.61-0. 77), 1.02 (95%
Cl: 0.93-1.12) for milk, yogurt, cheese, and total dairy products in cohort studies, respectively. Higher milk consumption
[Odds ratio (OR), 0.71, 95% Cl: 0.55-0. 91] was associated with lower risk of hip fracture for highest versus lowest
consumption in case-control studies. After quantifying the specific dose of milk, the summary RR/OR for an increased
milk consumption of 200 g/day was 1.00 (95% Cl: 0.94-1.07), and 0.89 (95%Cl: 0.64-1.24) with significant heterogeneity for
cohort and case-control studies, respectively; There was a nonlinear association between milk consumption and hip
fracture risk in cohort, and case-control studies.

Conclusions: Our findings indicate that consumption of yogurt and cheese was associated with lower risk of hip fracture
in cohort studies. However, the consumption of total dairy products and cream was not significantly associated with the
risk of hip fracture. There was insufficient evidence to deduce the association between milk consumption and risk of hip
fracture. A lower threshold of 200 g/day milk intake may have beneficial effects, whereas the effects of a higher threshold
of milk intake are unclear.
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Background

Hip fracture is the most serious type of osteoporotic
fracture. Hip fractures can lead to other comorbidities,
increased mortality risk, and enormous social and eco-
nomic costs [1]. According to recent reports, approxi-
mately 1.66 million patients are diagnosed with hip
fracture occur each year worldwide [2, 3]. World popula-
tion surveys have shown that the number of adults older
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than 60 years old was 841 million in 2013, which is ap-
proximately four times as high as that in 1950 (202 mil-
lion) [4]. The incidence of hip fracture increases linearly
with age [5]. The pathogenesis of hip fracture is multi-
factorial. The main factors contributing to the develop-
ment of hip fracture are bone mineral density, falls, and
lifestyle habits. Lifestyle habits include calcium intake,
general nutrition, and exposure to sunlight, physical ac-
tivity, smoking, and alcohol intake [6—10]. It is known
that nutrition, especially dairy product consumption, has
an important effect on maintaining bone health.
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Dairy products have been hypothesized to help prevent
hip fracture because they are a significant source of cal-
cium, proteins, and other bioactive nutrients beneficial
for bone health [11]. However, the effects of dairy prod-
ucts on hip fractures have not been established. The
benefit of milk, as a main dietary source of calcium in
reducing hip fracture risk has yet to be debated. More
recently, a study by Sahni et al., [12] indicated that there
was a nonsignificant 42% reduction in hip fracture risk
in elderly adults who consumed more than 7 milk serv-
ings per week, compared with those who consumed less
than one serving per week in the Framingham Original
Cohort. Michaélsson et al., [13] found that for every
glass of milk consumed per day, women had a significant
9% increase in hip fracture risk, although no association
was observed in men. Meanwhile, the data suggested
that higher cheese or yogurt intake may reduce hip frac-
ture risk in both men and women [7].

Two previous meta-analyses have been published with
results focused only on milk consumption [14, 15].
However, some studies assessed the association between
hip fracture and consumption of different types of dairy
products, since different types of products contain vary-
ing nutrient contents (e.g., milk is rich in lactose, cheese
and yogurt can provide lactic acid bacteria). Choosing
dairy products like milk, cheese, or yogurt instead of
cream can decrease fat, and cholesterol. Therefore, it is
important to evaluate the influence of the consumption
of different types of dairy products (total dairy products,
milk, yogurt, cheese, and cream) on hip fracture risk.

Methods

Search strategy

The primary aim of our meta-analysis was to examine
and quantify the potential association of dairy product
consumption with risk of hip fracture. Searches were
performed on PubMed and EMBASE databases from
their inception to April 17, 2017. The search terms used
were as follows: “hip fracture” (or “subtrochanteric
fracture” or “trochanteric fracture” or “intertrochan-
teric fracture” or “femoral neck fracture”) and “dairy
products” (or “milk” or “cheese” or “yogurt” or
“cream”). No language restrictions were applied in the
search strategy. An additional article [16] was identi-
fied through the bibliographies of relevant reviews.
Figure 1 and Additional file 1 provides detailed search
terms and search strategies for both databases.

Eligibility criteria

To identify eligible studies, two independent investiga-
tors (S.B.and J.H.) performed an initial screening of all
titles and abstracts, and then assessed the full text of all
relevant studies in detail. Articles were included in this
meta-analysis if they met the following criteria: (1)
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cohort or case-control study design; (2) studies that eval-
uated and clearly defined exposure to total dairy prod-
ucts, milk, cheese, yogurt, or cream; (3) studies with the
risk of hip fracture as the outcome of interest; and (4)
studies reporting odds ratio (OR) or relative risk (RR)
with 95% confidence intervals (CI) for the association
between dairy product exposure and risk of hip fracture.
Studies had to define hip fracture using the criteria
based on the International Classification of Diseases,
10th revision (ICD-10) or medical records. If there were
multiple publications from the same study, we selected
the most recent study for the meta-analysis. Studies
were excluded if they provided insufficient data, such as
letters, reviews, comments, or animal studies. Two pre-
vious meta-analyses had been published with results fo-
cused only on milk consumption. The meta-analysis
conducted by Bischoff-Ferrari et al., [14] was excluded,
because the report contained duplicated data. The meta-
analysis conducted by Kanis et al., [15] was included in
our meta-analysis. The flow diagrams of the selection
process and results are shown in Fig. 1.

Data processing and quality assessment

Two authors (Y.W. and K.Z.) independently extracted
the following information from each included study: au-
thor name, research region, publication year, study de-
sign, study name, subjects (number of cases), sex, mean/
median age of the study individuals, duration of follow-
up for cohort studies, exposure and quantity of intake,
dietary assessment method, the maximally adjusted risk
estimates with 95% CI for the highest versus the lowest
category of consumption, and adjustment for con-
founders in analyses.

In the dose-response meta-analysis of the relationship
between dairy products and hip fracture risk, the num-
ber of cases and participants or person-years, the mean
or median dairy product consumption for each exposure
category, and the RR/OR and its variance estimate for
three or more quantitative exposure categories were
compiled from the included studies. The median level of
milk consumption (g/day) for each exposure category
was presented with the relevant RR/OR and correspond-
ing 95% CI. We used standard conversions from the
Food Standards Agency to convert glasses/d to g/d (1
glass =200 mL) for relevant studies [17, 18]. Assump-
tions were used to convert ml/d to approximate g/d
[19]. If dairy products were reported as servings, drinks,
or times per day/week/month instead of quantity, the
following average amounts were used to represent a
serving: 177 g for total dairy products, 244 g for milk
and yogurt, and 43 g for cheese consumption [20, 21].

Two investigators (M.Y. and K.Z.) independently
assessed the quality of the 17 included studies (Exclud-
ing the meta-analysis [15] as previously mentioned)
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Fig. 1 Search strategy and selection of studies for this meta-analysis
A\

using the Newcastle-Ottawa scale (NOS) [22]. This scale
scores studies on three categories (selection, comparabil-
ity of study groups, and the outcome of interest). A
study can be awarded a maximal score of 9, which repre-
sents the highest quality study.

Statistical analysis
Effect sizes were estimated with RR in cohort studies
and OR in case-control studies. Cohort and case-control
studies were pooled separately in our meta-analysis. We
quantified the association of dairy product consumption
with hip fracture risk using random-effects models [23].

Subgroup and meta-regression analyses were performed
to assess potential sources of heterogeneity stratified by
some of the baseline characteristics, such as study quality,
region, sex, number of cases, duration of follow-up for co-
hort studies, age, and adjustment for potential con-
founders. We also investigated the influence of different
types of dairy product consumption, including total dairy
products, yogurt, cheese, and cream.

In the dose-response meta-analysis, we used the
method proposed by Greenland and Longnecker [24] to
estimate the dose-response trend of the relationship

between dairy product consumption and hip fracture
risk. We applied random effects models [25] to estimate
the summary RR or OR within each study.

Between-study heterogeneity was evaluated using both
the Q and I” statistics. A Q statistic with P < 0.10 indicated
heterogeneity, whereas I” values of 0%, 25%, 50%, and 75%
represented no, low, moderate, and high heterogeneity, re-
spectively [25]. Publication bias was considered by visual
inspection of the contour-enhanced funnel plot symmetry
as well as by Egger’s test [26] and Begg’s test [27]. Further-
more, Duval’s non-parametric trim-and-fill procedure was
performed to adjust for the number of missing studies and
estimate possible publication bias [28]. Meta-analyses were
conducted with R version 3.1.2 (The R Foundation for Stat-
istical Computing, Vienna, Austria), using the following
packages: meta, foreign, dosresmeta, Hmisc, survival, Spar-
seM, and rms. All statistical tests were two-sided, and P
values <0.05 indicated statistical significance.

Results

Literature search

Figure 1 shows the search strategy and selection of stud-
ies for our meta-analysis on dairy product consumption
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and the risk of hip fracture. We identified one additional
article by manually searching the reference lists from the
included studies [16]. A total of 18 articles [12, 13, 15,
16, 29-42] were included in the present meta-analysis
(Additional file 2).

Characteristics of included studies

Table 1 shows the detailed baseline characteristics of the
included studies. A total of 18 observational studies (10
cohort studies [12, 13, 15, 16, 33—-37, 42] and 8 case-
control studies [29-32, 38—41]) involving 381,987 partic-
ipants were included in the final analysis. The 10 cohort
studies were published between 1997 and 2014, with a
total of 8613 hip fracture events, and 363,557 partici-
pants. The length of follow-up ranged from 3 to 22 years.
Eight cohort studies included both sexes. One cohort
study included only male individuals and the remaining
cohort study recruited only females. Four cohort studies
were conducted in the USA, 4 were conducted in Eur-
ope, 1 was conducted in Asia, and 1 was a meta-analysis
of a multicenter study including participants from Europe,
Australia, and Canada. The 8 case-control studies were
published between 1992 and 2010, and included 3815 hip
fracture cases and 6415 controls. Geographic regions of
the case-control studies included Europe (n = 3), Australia
(n=1), USA (n=1), and Asia (n=3).

Milk consumption and risk of hip fracture

Nine cohort studies [12, 13, 15, 16, 33, 34, 36, 37, 42]
and 7 case-control studies [29-32, 38, 39, 41] reported
the association between milk consumption and risk of
hip fracture.

Meta-analysis of cohort studies
For cohort studies, the pooled RR for highest versus
lowest category of milk consumption and hip fracture
risk was 0.91 (95% CI: 0.74—1.12, I = 75.0%, Pheterogencity
<0.01) (Fig. 2a), indicating that milk consumption had
no association with hip fracture risk. The analyses pro-
ducing the pooled estimates indicated heterogeneity.
The contour-enhanced funnel plot demonstrated
asymmetry (Fig. 3a). However, Egger’s test (P =0.81) and
Begg’s test (P =0.30) indicated no publication bias with
regard to milk intake and hip fracture risk. We used the
trim-and-fill method to confirm robustness of the re-
sults. There were no significant changes to the results
after using the trim-and-fill method when including four
missing articles (adjusted random effects summary RR:
1.06, 95% CI: 0.91-1.23).

Meta-analysis of case-control studies

The case-control studies indicated that participants in
the highest categories of milk consumption had a 29%
reduction in the risk of hip fracture (OR =0.71, 95%CI:
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0.55-0.91, I” = 54%, Pheterogencity = 0.04) (Fig. 2b). Pooled
estimate analyses indicated heterogeneity.

For case-control studies, the contour-enhanced funnel
plot showed asymmetry (Fig. 3b). There were no signifi-
cant changes to the results after using the trim-and-fill
method when including one missing article (adjusted
random effects summary OR: 0.74, 95% CI: 0.57-0.97).
The trim-and-fill estimates should be interpreted with
great caution due to the limitations inherent to the
methods used.

Quality study, subgroup, and meta-regression analyses
The quality of the 17 included studies (Excluding the
meta-analysis study [15] as discussed previously) using
the Newcastle-Ottawa scale (NOS) [22] is shown in Ta-
bles 2, and 3.th=tlb=th=tlb=

In subgroup and meta-regression analyses, the null as-
sociation between milk consumption and hip fracture
risk was consistently observed in the subgroup analysis
of 9 cohort studies [12, 13, 15, 16, 33, 34, 36, 37, 42]
stratified by different factors (Table 4), except for studies
that did not adjust for total energy intake. In addition,
there was an inverse association between calcium and
vitamin D supplements and hip fracture risk in cohort
studies. An inverse association between milk consump-
tion and hip fracture risk was consistently observed in
case-control studies (Fig. 2b); subgroup analysis showed
that milk consumption had no association with hip frac-
ture risk in studies from the USA.

Dose-response analysis

The relationship between milk consumption and hip
fracture risk was further quantified via dose-response
analysis for milk consumption. The summary RR for an
increased milk consumption of 200 g/day was 1.00 (95%
CIL: 0.94-1.07), with significant heterogeneity among co-
hort studies (I* =87%, Pheterogencity < 0.01, Fig. 4). The
dose-response associations between milk consumption
and risk of hip fracture in the cohort studies (n=7)
[12, 13, 16, 33, 34, 37, 42] are shown in Fig. 5a.
There was a nonlinear positive association between milk
consumption and hip fracture risk (Pponiinerity < 0.01), with
a rapid increase in risk when milk consumption increased
from 0 to 600 g/d; there was no further increase in risk
with milk consumption between 600 and 1200 g/d.

The summary OR for increasing milk consumption by
200 g/day was 0.89 (95% CI: 0.64—1.24), with significant
heterogeneity among case-control studies (I* = 68%, Pheter-
ogeneity = 0.05, Fig. 4). Dose-response meta-analysis of the
association between milk consumption and hip fracture
risk in case-control studies (n = 3) [30, 39, 41] suggested a
nonlinear association between milk consumption and hip
fracture risk (Pponiinerity = 0.28), with a reduction in risk
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a

Study Relative risk 95%Cl Weight
Type = Milk

Sahni 2014 —— 0.58 [0.31;1.07) 2.9%
Owusu 1997 —_— 0.97 [0.39;2.42] 1.7%

Meyer(Female) 1997
Meyer(Male) 1997

Fujiwara 1997

Cumming 1997
Michaelsson (Female) 2014
Michaelsson (Male) 2014

0.83 [0.44;1.56] 2.8%
0.46 [0.22;097] 22%
054 [0.26;1.12]  2.3%
0.90 [0.49;1.66] 2.9%
1.60 [1.39;1.84) 6.3%
1.01 [0.85,1.20] 6.1%

Feskanich (NHS) 2014 1.01 [0.78;1.31] 5.4%
Feskanich (HPFS ) 2014 121 [0.86;1.70)  4.8%
Feart 2013 0.86 [0.50;1.48] 3.3%
Kanis(Female) 2004 0.92 [0.69;1.22] 52%
Kanis(Male) 2004 0.66 [0.39;1.12] 3.4%

Random effects model
Heterogeneity: 12 = 75%, p <0.01

0.91 [0.74; 1.12] 49.2%

Type = Yogurt

Sahni 2014 1.09 [0.65;1.82) 3.5%
Michaelsson (Female) 2014 = 0.70 [0.57;0.86) 5.9%
Michaelsson (Male) 2014 0.75 [0.63;0.90] 6.1%
Feart 2013 —— 0.90 [0.50; 1.61] 3.0%
Random effects model < 0.75 [0.66;0.86] 18.4%

Heterogeneity: %= 0%, p =042

Type = Cheese

Sahni 2014 —= 0.72 [0.48;1.08] 4.2%
Michaelsson (Female) 2014 0.64 [0.55;0.74) 6.3%
Michaelsson (Male) 2014 - 0.75 [0.62;0.91] 5.9%
Feart 2013 — 0.78 [0.44;1.39) 3.1%
Random effects model © 0.68 [0.61;0.77] 19.5%

Heterogeneity: /= 0%, p = 0.60

Type = Total dairy products
Feart 2013

Benetou 2011

Random effects model
Heterogeneity: /> = 0%, p = 0.92

1.05 [0.60;1.84) 3.1%
1.02 [0.93;1.12) 6.6%
1.02 [0.93;1.12] 9.7%

Type = Cream
Sahni 2014 - 1.04 [0.59;1.85) 3.1%
Random effects model e 1.04 [0.59; 1.85] 3.1%
Heterogeneity: Not applicable
Random effects model 3 0.87 [0.76; 1.00] 100.0%
Heterogeneily:lz= 81%, p<0.01" T T T L

0.05 051 2 10 20

Fig. 2 Relative risks of hip fracture for the highest compared with the lowest categories of dairy product consumption. a Collection of pooled
data from cohort studies; b Collection of pooled data from case-control studies. The gray box indicates the 95% confidence intervals (Cls). The size
of the square around each effect estimate indicates the weight of the individual study

Study Odds ratio 95%Cl Weight

Type = Milk

Lan 2010 058 [0.37;091] 9.7%

Jha 2010 R 0.30 [0.13;0.71] 3.8%

T;vanl 1995 1.00 [0.61;1.63] 8.7%

Jitapunkul 2001 0.26 [0.09;0.76] 2.6%

Johnell 1995 0.71 [0.58;0.87] 18.2%

Nieves 1992 ol 1.10 [0.63;1.93] 7.3%

Kanis 1999 P 0.82 [0.61;1.11] 14.4%

Random effects model 0.71 [0.55; 0.91] 64.7%

Heterogeneity: 12=54%, p =0.04

Type = Yogurt

Jha 2010 N 0.77 [0.39;1.52) 56%

Random effects model = 0.77 [0.39; 1.52] 5.6%

Heterogeneity: Not applicable

Type = Cheese

Jha 2010 A 0.48 [0.24,0.94] 56%

Kanis 1999 S 0.75 [0.49;1.14] 10.4%

Tavani 1995 < 1.00 [0.68;1.47] 11.6%

Random effects model 0.77 [0.53; 1.11] 27.6%

Heterogeneity: 12 = 44%, p=017

Type = Total dairy products

Cumming 1994 ] 1.70 [0.52;559] 22%

Random effects model B 1.70 [0.52; 5.59]  2.2%

Heterogeneity: Not applicable

Random effects model <> . 9

Heterogeneity: /% = 42%, p=0.06" | L T T 0.75 [0.62; 0.90] 100.0%
0.0 051 2 10 20

with milk consumption of 200-600 g/d. However, the
confidence intervals were wide for all outcomes (Fig. 5b).

Other dairy product intake and hip fracture risk
Consumption of yogurt (n = 3) and cheese (n = 3) reduced
hip fracture risk, total dairy products (z = 2) and cream (n
=1) showed no association with hip fracture risk in cohort
studies for the highest versus lowest category (Fig. 2a).
Consumption of total dairy products (n = 1), yogurt (n =
1), and cheese (# =3) in case-control studies showed no
association with hip fracture risk (Fig. 2b). No additional
contour-enhanced funnel plots, subgroup, or dose-
response analyses for total dairy products, yogurt, cheese,
and cream could be performed because of the limited re-
sults reported in the included studies.

Discussion

In this meta-analysis, a higher intake of yogurt and cheese
was associated with a significant reduction in hip fracture
risk as compared to low intake in cohort studies, and there

was no overall association reported in case-control studies.
Cohort and case-control studies reported no overall associ-
ations between total dairy products and cream, and hip
fracture risk. Milk consumption was associated with a
non-significant 9% lower hip fracture risk for highest ver-
sus lowest consumption in cohort studies. Nevertheless,
the results of the case-control studies showed a significant
29% reduction in hip fracture risk for highest versus lowest
consumption. The association between milk consumption
and hip fracture risk remained unchanged when stratified
by multiple study characteristics. Our finding for highest
versus lowest milk consumption is consistent with the re-
sults from previous meta-analyses [14, 15]. Highest versus
lowest analysis is limited, owing to differences in both the
level, and range of milk consumption between the included
studies, which may contribute to heterogeneity in the re-
sults. However, we further refined the precision of the risk
estimates by applying the dose-response analysis for milk
consumption, which may be important to guide recom-
mendations for milk consumption with regard to risk
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from case-control studies. Each dot indicates a different study
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Fig. 3 Contour-enhanced funnel plot of Milk consumption and hip fracture risk. a Data are collected from cohort studies; b Collection of data

reduction. Meanwhile, it is important to define and evalu-
ate the potential threshold effects between milk consump-
tion and hip fracture risk. In the nonlinear dose-response
analysis, a low threshold of 200 g/day may have beneficial
effects, whereas there is a degree of uncertainty with higher
milk consumption.

Dairy products have a complicated influence on hu-
man health, and evidence on the impact of dairy prod-
ucts on hip fracture development remains inconsistent.
Some previous studies indicated that dairy products
might be beneficial for the prevention of hip fracture, as

Table 2 Quality assessment of the included cohort studies

they contain calcium and vitamin D. Dairy products are
often fortified with vitamin D in the United States,
which is essential for the absorption of calcium and bone
health [43]. A previous study has shown that vitamin D
supplementation, with or without calcium, may have
only minor effects on fracture risk among community-
dwelling individuals [44]. Nonetheless, Chapuy et al,
[45] showed that hip fracture risk was reduced with vita-
min D and calcium supplementation among elderly
women (mean age 84 years) who had very low vitamin D
levels, with concurrent low dietary intake of calcium.

Newcastle-Ottawa Scale for assessing the quality of cohort studies in meta-analysis

Selection Comparability Outcome
Study Representativeness  Selection of Ascertainment Demonstration ~ Comparability Assessment Was follow-  Adequacy Quality
of the exposed the non- of exposure that the current  of cohorts on  of outcome up long of follow  score
cohort exposed outcome of the basis of enough up of
cohort interest was the design for outcomes  cohorts
not present at  or analysis to occur
start of study
1 Feskanich 2014 * * * *k * * 7
2 Michaélsson 2014 % * * * *k * * * 9
3 Sahni 2014 % * * * *k * * * 9
4 Feart 2013 % * * Kk * * 7
5 Benetou 2011 % * * *k * * 7
6 Cumming 1997 % * * *x * * 7
7 Fujiwara 1997 % * * * ok * * * 9
8 Meyer 1997 % * * * Kk * * * 9
9 Owusu 1997 % * * *k * * 7

A study can be awarded a maximum of one star for each numbered item within the Selection and Outcome categories. A maximum of two stars can

be given for Comparability
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Table 3 Quality assessment of the included case-control studies

Page 12 of 16

Newecastle-Ottawa Scale for assessing the quality of case control studies in meta-analysis

Selection Comparability Outcome
Study Is the case Representativeness Selection  Definition ~Comparability Ascertainment Same method Non- Quality
definition  of the cases of controls of controls of cases and of exposure  of ascertainment Response score
adequate controls on the for cases and rate
basis of the controls
design or analysis
1 Jha 2010 * *k * * 5
2 lan 2010 * *x * 4
3 Jitapunkul 2001 * * *x * 5
4 Kanis 1999 % * * *x * * * 8
5 Johnell 1995 % * * *x * * * 8
6 Tavani 1995 % * * *x * * * 8
7 Cumming 1994 *% * * * *x * * 8
8 Nieves 1992 % * * *x * * * 8

A study can be awarded a maximum of one star for each numbered item within the Selection and Outcome categories. A maximum of two stars can be given

for Comparability

Supplementation with vitamin D and calcium is a
health-seeking behavior, which could be an important
confounder.

Other studies argue that D-galactose in milk might
promote oxidative stress and inflammation, which in
turn influences the risk of fracture and mortality [13].
D-galactose is known to cause oxidative stress, aging,
and inflammation. Milk contains high levels of lactose
and galactose, while cheese and yogurt contain lower
or non-existent levels. Previous cohort studies ob-
served that milk consumption had a positive relation-
ship with concentrations of marks for oxidative stress
and inflammation.

These data suggest that higher milk, yogurt, and
cheese consumption may contribute to a lower hip frac-
ture risk, although the results with respect to milk con-
sumption were not statistically significant in cohort
studies. In contrast to high milk consumption, high
yogurt and cheese consumption was associated with a
significant 25%—32% lower risk of hip fracture, for the
highest versus lowest consumption in cohort studies.
Unlike milk, yogurt and cheese contain probiotics, which
can improve bone formation, increase bone mass density
and prevent bone loss. A study by Lei. et al., used pro-
biotics to treat elderly patients with hip fracture on func-
tional recovery [46].

This meta-analysis involved a larger number of cases
to enhance the statistical power. Subgroup and dose-
response analyses were performed to explore the hetero-
geneity of sources, used contour-enhanced funnel plots
to display publication bias, and performed sensitivity
analyses to test the robustness of the risk estimates. This
meta-analysis is the first meta-analysis to evaluate the
relationship between different types of dairy product
consumption and hip fracture risk.

Our meta-analysis was subject to some limitations that
may have affected the results. First, it is possible that the
link between dairy product consumption and hip frac-
ture risk could be interpreted within measurement er-
rors in the dietary assessment. Food frequency
questionnaires can be limited by errors in reporting and
by incomplete assessment of all sources of dairy product
consumption, which can lead to misclassification of ex-
posure and weaken the association towards the null. Sec-
ond, compared to cohort studies, case-control studies
may have recall and selection bias. Dairy products and
their possible role in bone health were widely discussed.
The public debate might produce a bias in collecting
dietary data among patients. Due to recall error, or diet-
ary changes after hip fracture, participants are likely to
have provided the current dietary data as a proxy for the
previous diet. Cases reported a significant decrease in
the frequency of dairy product consumption after the
hip fracture, and it was even more obvious when the
cases that provided a deliberate change in their dietary
date were excluded. However, this was not evident with
the control participants [47]. Indeed, inconsistent results
between cohort and case-control studies were found,
which might be explained by publication bias that was
detected in the case-control studies. Publication bias re-
fers to the idea that studies with positive results are
more likely to be submitted for publication than those
with negative results, which leads to misleading conclu-
sions in meta-analyses. Third, differential loss to follow-
up is a well-known source of bias in cohort studies, and
the direction of that bias is hard to predict. Identification
of fracture events may be an additional reason in cohort
studies. Furthermore, the included studies may be lim-
ited by their use of differing means of assessing and
measuring exposure and outcome, thereby impacting
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Table 4 Subgroup analyses comparing milk intake and hip fracture risk for case-control and cohort studies

Cohort studies (n=9) Case-control studies (n=7)
n RR 95% Cl Py P PP n OR 95% Cl Py P P
Study quality
Score =8 4 0.98 0.75-1.27 90.0 <0.01 0.90 4 0.80 0.67-0.95 100 034 0.05
Score< 8 4 1.03 0.86-1.24 0.0 0.82 3 042 0.25-0.71 350 021
Region
USA 4 1.00 0.96-1.03 0.0 084 044 1 1.10 0.63-1.94 NA NA 0.04
Europe 3 0.98 0.68-141 86.0 <0.01 3 0.77 0.65-0.90 0.0 039
Asia 1 054 0.26-1.12 3 042 0.25-0.71 350 021
Sex
Male 5 091 0.70-1.19 480 0.10 0.68 1 0.82 061-1.11 NA NA 028
Female 6 1.07 0.78-147 81.0 <0.01 4 0.78 053-1.14 58.0 0.07
Both 3 091 0.70-1.18 238 023 2 046 0.25-0.85 440 018
No. of cases
2= 1000 2 1.19 0.85-1.66 90.0 <0.01 0.16 1 071 0.58-0.87 NA NA 0.21
100-1000 4 1.00 0.82-1.21 0.0 057 4 083 0.65-1.06 24.0 027
<100 6 0.79 0.60-1.04 46.0 0.10 2 0.28 0.15-0.55 0.0 0.84
Duration of follow-up years
210 years 5 1.02 0.84-1.25 86.0 <0.01 063 NA NA NA NA NA NA
< 10 years 3 0.89 0.62-1.29 0.0 0.98 NA NA NA NA NA NA
Age
270 4 1.00 0.96-1.03 0.0 0.80 045 3 0.61 0.34-1.09 68.0 0.04 0.66
<70 5 0.89 0.66-1.02 83.0 <0.01 4 0.76 057-1.01 52.0 0.10
Adjustment for confounders
Smoking
Yes 5 1.06 0.87-1.29 85.0 <0.01 021 2 087 067-1.12 0.0 050 032
No 3 0.78 0.55-1.11 0.0 052 5 0.60 042-0.88 60.0 0.04
Alcohol
Yes 4 1.10 0.84-143 81.0 <0.01 018 2 0.87 0.67-1.12 0.0 050 032
No 4 093 0.79-1.10 16.0 0.31 5 0.60 042-0.88 60.0 0.04
BMI
Yes 5 1.00 0.77-1.29 79.0 <0.01 071 4 0.80 0.67-0.95 10.0 034 0.05
No 3 0.99 0.96-1.03 0.0 083 3 042 0.25-0.71 350 021
Physical activity
Yes 6 1.03 0.82-1.29 750 <0.01 047 2 0.72 0.52-1.00 370 0.21 0.93
No 2 0.82 047-143 63.0 0.10 5 067 045-1.01 65.0 0.02
Sunlight exposure
Yes 0 NA NA NA NA NA 2 074 0.63-0.88 0.0 043 067
No 8 1.01 0.84-1.20 80.0 <0.01 5 0.62 0.38-1.01 67.0 0.02
Total energy intake
Yes 5 1.11 091-1.35 86.0 <0.01 0.05 0 NA NA NA NA NA
No 3 0.69 049-0.96 0.0 045 7 071 0.55-0.91 540 0.04
Calcium and vitamin D supplementation
Yes 5 112 0.92-1.36 86.0 <0.01 0.04 0 NA NA NA NA NA
No 3 0.69 0.50-0.95 0.0 047 7 071 0.55-091 54.0 0.04

Abbreviations: N, the number of studies; Cl, confidence interval; OR, odds ratio; RR, relative risk; NA, not applicable; BMI, body mass index. P?, heterogeneity
within each subgroup; P°, heterogeneity between subgroups with meta-regression analysis
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Study RR/OR 95%-Cl Weight
Cohort studies
Sahni 2014 0.79 [0.57;1.09] 3.0%
Owusu 1997 . 1.01 [0.80;1.27] 4.9%
Meyer(female) 1997 : 0.95 [0.86; 1.05] 10.4%
Meyer(male) 1997 0.89 [0.78;1.02] 8.6%
Fujiwara 1997 —'—{~ 0.58 [0.29;1.16] 0.8%
Cumming 1997 : 0.98 [0.88;1.09] 10.0%
Michaelsson (female) 2014 1.16 [1.13;1.20] 13.6%
Michaelsson (male) 2014 1.01 [0.97;1.06] 13.1%
Feskanich (NHS) 2014 1.00 [0.96;1.04] 13.3%
Feskanich (HPFS ) 2014 1.06 [1.01;1.12] 12.8%
Random effects model 1.00 [0.94; 1.07] 90.6%
Heterogeneity: I2 =87%, p <0.01
Case-control studies
Tavani 1995 4= 1.07 [0.85;1.35] 4.9%
Nieves 1992 — 1.01 [0.68;1.51] 21%
Lan 2010 —=— 0.62 [0.43;0.90] 24%
Random effects model > 0.89 [0.64; 1.24] 9.4%
Heterogeneity: I2 =68%, p =0.05
Random effects model 0.99 [0.93; 1.06] 100.0%
Heterogeneity: 2= 84% ,p<0.01 f ! l ) J l
0.05 051 2 10 20
Fig. 4 Milk consumption and risk of hip fracture. The summary relative risk per 200 g/d by using random-effects models

J

study quality scores. Ascertainment of hip fractures was
partly or completely assumed by self-report in the in-
cluded studies, which is also a source of bias. Mortality
after hip fracture is high and a large proportion of per-
sons who suffer a hip fracture are discharged to nursing
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Fig. 5 Dose-response relationship between milk consumption and

risk of hip fracture

facilities. Loss to follow-up and self-report are two im-
portant factors that increase the probability of a hip frac-
ture not being reported, which could have affected the
results. Fourth, high heterogeneity across studies was
observed in this meta-analysis and baseline characteris-
tics and adjustment for confounders also affected the re-
sults. Analyses of high versus low consumption were
limited because of the different units (glasses/day, times/
week, gram/day, servings/week) of dairy product con-
sumption reported between studies, which may explain
some heterogeneity in the results. Meta-regression
analyses were used to explore potential sources of het-
erogeneity in our meta-analysis results, such as
whether the studies adjusted for calcium and vitamin
D supplementation, BMI, total energy intake, region,
and study quality. Energy intake may increase when
dairy product consumption increases, and BMI in-
creases as total energy intake increases [48]. Several
previous meta-analyses have suggested that BMI is in-
versely associated with hip fracture risk [49-51].
Meanwhile, a recent large, prospective, population-
based study indicated that participants with BMI >
25 kg/m?* had a reduced risk of hip fracture and pa-
tients with BMI < 22 kg/m? had an increased risk com-
pared with those with BMI between 22 and 24.9 kg/m>
[52], these sources of heterogeneity may have substan-
tially influenced the results. Finally, only a small num-
ber of studies were available for the effects of total
dairy products, cheese, yogurt, and cream consump-
tion on hip fracture risk. Therefore, there was limited
statistical power in the subgroup and dose-response
analyses for our meta-analysis.
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Conclusions

The conclusions of this meta-analysis were discordant.
Milk consumption was found to be associated with an
average 29% decrease in hip fracture risk in the included
case-control studies. Meanwhile, recall bias or other pos-
sible bias could be a major influence on the findings in
the case-control studies. The inconsistent findings for
cohort studies indicate that there is no consistent evi-
dence on the association between milk consumption and
the risk of hip fracture. Therefore, we were unable to
draw any conclusion from the estimates on the associ-
ation between milk consumption and hip fracture risk.
Consumption of other dairy products, yogurt and cheese
intake was associated with lower risk of hip fracture in
cohort studies, and total dairy products and cream was
not significantly associated with hip fracture risk.
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