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Abstract
Summary In the present meta-analysis, reductions in the risk of hip fracture with milk consumption were only observed among
American adults, but not among Scandinavian adults, possibly because milk products are more commonly fortified with vitamin
D in the former population than in Scandinavian countries. The reduction in the risk of hip fracture was also observed with yogurt
consumption, which is often associated with healthy lifestyles and dietary patterns that contribute to improved bone health.
Introduction Although dairy products contain bone-beneficial nutrients, the association between dairy consumption and the risk
of hip fracture remains equivocal. Fueling this uncertainty, the elevated risk of hip fracture in association with milk consumption
was observed in a cohort of Swedish women. A systematic review andmeta-analysis of prospective cohort studies was performed
to critically evaluate the association, or lack thereof, between dairy consumption (milk, yogurt, and cheese) and the risk of hip
fracture.
Methods A random effects model was used to generate the summary relative risks (RRs) with their 95% confidence intervals
(CIs) for the associations of interest.
Results In the meta-analysis of the highest versus lowest category of consumption, higher consumption of yogurt (RR 0.78, 95%
CI 0.68, 0.90), but not milk (RR 0.86, 95% CI 0.73, 1.02) or cheese (RR 0.85, 95% CI 0.66, 1.08), was associated with a lower
risk of hip fracture. For milk, the reduced risk of fracture with higher milk consumption was observed in the USA (RR 0.75, 95%
CI 0.65, 0.87), but not in Scandinavian countries (RR 1.00, 95% CI 0.85, 1.17). These findings were further supported by the fact
that American studies (RR 0.93, 95% CI 0.88, 0.98; per 1 glass/day), but not Scandinavian studies (RR 1.01, 95% CI 0.95, 1.07;
per 1 glass/day), demonstrated a linear association between milk consumption and the risk of hip fracture.
Conclusions The cumulative evidence from prospective cohort studies reassuringly suggests that the risk of hip fracture may not
be elevated among people who consume milk, yogurt, and cheese, and that a greater consumption of milk or yogurt may even be
associated with a lower risk of hip fracture depending on the factors that may differ across the population of interest.
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Introduction

Dairy products, including milk and other dairy foods, contain
a unique package of nutrients that are essential for bone health.
Following the scientific review, the European Food Safety
Authority has authorized the beneficial claims, in terms of
bone health, associated with several nutrients, including pro-
tein, calcium, phosphorus, magnesium, manganese, zinc, vi-
tamin D, and vitamin K [1]. All these nutrients, except vitamin
D, are naturally present in considerable amounts in dairy prod-
ucts [2, 3]. In certain countries, vitamin D is either mandator-
ily or voluntarily added to dairy products, particularly milk,
which contributes to the dietary intake of this vitamin [4, 5].
Given that dairy products are excellent sources of bone-
beneficial nutrients, the role of dairy products in bone health
has been extensively studied, with a special focus on the pre-
vention of osteoporosis and bone fractures.

While accumulating evidence suggests that dairy consump-
tion is inversely associated with bone turnover markers and
positively associated with bone mineral content or bone min-
eral density (BMD) [6–10], the potential beneficial role of
dairy products in the prevention of fracture is less convincing.
No randomized controlled trials (RCTs) till date have investi-
gated the effect of dairy consumption on fracture risk.
Observational studies on the association between dairy con-
sumption (mainly milk) and hip fracture risk have yielded
inconsistent results [11–26]. Fueling this uncertainty, an ele-
vated risk of hip fracture associated with milk consumption
has been reported among Swedish women [22]; this contro-
versial finding has been inaccurately exaggerated in media
coverage and fiercely debated among researchers and practi-
tioners (https://www.bmj.com/content/349/bmj.g6015/rapid-
responses). Several recent meta-analyses [27–29] on this topic
observed that milk or dairy consumption was not significantly
associated with the risk of hip fracture. Although pooled data
are important for the establishment of a more robust estimate
of the association, particularly when the findings of the indi-
vidual studies are conflicting, the findings of previous meta-
analyses [27–29] may have been biased by the considerable
methodological issues in their analyses (Table S1). These
methodological issues include the inclusion of studies [11,
12] that compared low versus high milk consumption and
the risk of hip fracture in the meta-analysis of high versus
low intake [27–29]; inclusion of studies [15, 17] with incorrect
exposure [27, 29]; double-counting [29] of data from the same
study cohort [17, 22]; and several important studies being
either missed or not included. More importantly, those meta-
analyses [27–29] did not critically evaluate the lack of an
association between milk or dairy consumption and the risk
of hip fracture. By failing to do so, people may question the
nutritive value of dairy products on the basis of the findings of
observational studies, when, in fact, they have been shown to
have favorable effects on bone health in RCTs [6–10].

Although dairy products contain numerous bone-
beneficial nutrients, the main rationale behind the recom-
mendation of dairy products for the optimization of bone
health is largely driven by the fact that they provide con-
siderable amounts of high bioavailable calcium, the min-
eral most important for bone health. The ability of the
body to properly absorb dietary calcium is determined
by the presence of vitamin D. The vitamin D metabo-
lite—1,25-dihydroxycholecalciferol—acts as a hormone
in the regulation of calcium and phosphorus metabolism
for the maintenance of normal serum calcium and phos-
phorus concentrations that ensure normal bone minerali-
zation [3, 4]. In humans, vitamin D can be naturally syn-
thesized through the action of sunlight to the skin [4].
However, owing to the current modern lifestyle, which
is characterized by daily activities that take place indoors,
the degree of sun exposure is often insufficient for opti-
mal vitamin D synthesis [4]. Moreover, sun-induced vita-
min D synthesis is greatly influenced by several factors,
such as season, latitude, altitude, skin pigmentation, and
sunscreen use [4]. In this case, the dietary intake of vita-
min D is also important to ensure the adequate intake of
this vitamin. Since only a few foods in nature contain
vitamin D, the fortification of widely consumed foods
with vitamin D offers a solution to this issue. The major-
ity of studies on the association between milk consump-
tion and the hip fracture risk were conducted either in the
USA [18, 21, 23, 25], in which various fluid milk prod-
ucts are voluntarily fortified with vitamin D [5]; or
Scandinavian countries, including Norway [20, 26] and
Sweden [22], in which low-fat milk is mandatorily forti-
fied with vitamin D [5]; and Denmark [24], in which
vitamin D fortification has not been widely implemented
and accepted [30]. Hypothetically, dairy fats may enhance
the absorption of fat-soluble vitamin D; the addition of
vitamin D in milk and its derived products may promote
the intestinal absorption of their calcium and phosphorus
content, leading to a greater degree of bone mineraliza-
tion. Given this consideration, we hypothesized that vita-
min D fortification, to some extent, may modify the asso-
ciation between milk consumption and the risk of hip
fracture and that the lack of an overall association be-
tween milk consumption and the risk of hip fracture
may have been driven by studies conducted in
Scandinavian countries, in which vitamin D fortification
is less prevalent than in the USA. The potential role of
vitamin D fortification as a potential modifying factor in
the association between milk consumption and hip frac-
ture risk has not been considered in previous meta-
analyses [27–29]. Further investigation of this possibility
is warranted to refine the evidence on this topic.

To facilitate a better interpretation and expand upon the
current knowledge of the influence of dairy consumption on
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hip fracture risk, we performed a systematic review and meta-
analysis of prospective cohort studies to critically evaluate the
association, or lack thereof, between dairy consumption (milk,
yogurt, and cheese) and the risk of hip fracture, with a special
focus on disentangling the controversy surrounding milk.

Methods

The present meta-analysis was prepared and reported accord-
ing to the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) checklist [31]. Two investigators
(K.H. and X.D.) independently performed the literature
search, study selection, data extraction, and quality assess-
ment. Discrepancies or disagreements between the two re-
viewers were resolved by a team meeting.

Search strategy

The PubMed andWeb of Science databases were searched for
relevant articles published in any language from their incep-
tion to October 31, 2019. The following search terms were
used for the identification of the relevant articles: (milk OR
dairy OR cheese OR yogurt) AND fracture. We also manually
reviewed the references cited in the retrieved articles and pre-
vious meta-analyses [27–29] to minimize the likelihood of
missing studies.

Study selection

The Participants, Interventions, Comparisons, Outcomes, and
Study design (PICOS) criteria are presented in Table 1. In
brief, the prospective cohort studies were considered relevant
only if they reported risk estimates (relative risks [RRs] or
hazard ratios [HRs]) with their 95% confidence intervals
(CIs) for the association between higher versus lower
(reference) consumption of milk, yogurt, or cheese in adult-
hood and the risk of hip fracture. Therefore, prospective co-
hort studies that compared the association between lower ver-
sus higher (reference) consumption of milk, yogurt, or cheese
in adulthood and the risk of hip fracture were excluded.
Studies with a cross-sectional or case-control design were also
excluded because the quality of the evidence of these studies

is generally lower than that of prospective cohort studies. If
multiple articles reported data from the same study population,
we included only the one with the longest follow-up period to
avoid double-counting. Given that the nutritional contents of
different dairy products vary [6, 7], it may not be appropriate
to consider them as a single exposure. Therefore, total dairy
consumption was not investigated in the present meta-
analysis.

Data extraction and quality assessment

A standardized form was used to extract the following infor-
mation from the included studies: first author name, year of
publication, setting, mean of follow-up, mean age, proportion
of men, dietary and fracture ascertainments, exposure compar-
ison, variables adjusted for in the maximally adjusted models,
and the risk estimates with their 95% CIs from the maximally
adjusted models. The Newcastle-Ottawa Scale (NOS) [32]
was used to judge the quality of the included studies.

Statistical analysis

The RRs were chosen as measures of the association between
milk, yogurt, and cheese consumption and the risk of hip
fracture. A DerSimonian and Laird random effects model
[33] was used to generate the summary RRs with their 95%
CIs for the associations of interest. If the studies separately
reported risk estimates according to sex, these sex-specific
risk estimates were first pooled together before being included
in the overall meta-analysis to simplify the presentation of the
data displayed in the forest plot. However, sex-specific risk
estimates were used in their current form in the subgroup
analyses by sex. In the main analysis, the risk of hip fracture
associated with the highest versus lowest category of milk,
yogurt, and cheese consumption was estimated. In addition,
the risk of hip fracture associated with each additional glass-
per-day of milk consumption was estimated using the method
proposed by Greenland and Longnecker [34] and Orsini et al.
[35]; this method requires studies to report at least three quan-
titative exposure categories of milk consumption. The risk of
hip fracture associated with each increment in the level of
yogurt or cheese consumption was not estimated because the
limited number of studies on these associations precludes

Table 1 Participants,
Interventions, Comparisons,
Outcomes, and Study design

Parameter Criteria

Participants Adults

Intervention or exposure Milk, yogurt, or cheese consumption during adulthood

Comparison The highest versus lowest category of milk, yogurt, or cheese consumption

Per glass-per-day increase in milk consumption

Outcome Hip fracture risk reported as relative risk or hazard ratio

Study design Prospective cohort studies
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meaningful analysis. Where possible, subgroup and meta-
regression analyses were performed according to sex, vitamin
D fortification hypothesis (USA versus Scandinavian coun-
tries; see “Introduction”), and adjustment for certain variables
(age, body mass index (BMI), height, physical activity, alco-
hol, smoking, energy intake, or vitamin D or calcium supple-
mentation) to investigate the potential source of heterogeneity
and effect modifiers. The Q and I2 statistics were used to
assess the heterogeneity across studies. For the Q statistic,
P < 0.1 was considered statistically significant; for the I2 sta-
tistic, the following cut-off values were assigned to define the
degree of heterogeneity: < 25% (low heterogeneity), 25–50%
(moderate heterogeneity), and > 50% (high heterogeneity)
[36]. Begg’s rank correlation test and Egger’s linear regression
test were used to assess potential publication bias [37]. If
publication bias was evident, the trim and fill method was
performed to adjust for it [38]. All statistical analyses were
performed using STATA software, version 11.0 (STATA
Corp., College Station, TX, USA). All P values were two-
sided, and the level of significance was set at < 0.05.

Results

Literature review and study characteristics

The study selection process is presented in Figure S1. The
initial database searches resulted in a total of 1834 articles
(602 from PubMed and 1232 from Web of Science).
Twenty-eight articles were eligible for full-text evaluation
following duplicate article removal and title/abstract
screening. Of these 28 articles, 19 were excluded for var-
ious reasons, as presented in Appendix S1. Finally, nine
articles [18–26] with a total of 14 study cohorts were
included in the present meta-analysis. The articles were
published between 1997 and 2019. The characteristics of
the included studies are summarized in Table S2. One
study [18] enrolled only women, while the remaining in-
vestigated men and women. One study [19] was conduct-
ed in Japan, while the remaining were conducted in either
the USA [18, 21, 23, 25] or Scandinavian countries
(Norway [20, 26], Sweden [22], and Denmark [24]).
Dietary information was collected using a food frequency
questionnaire (FFQ) in all studies. In most studies, data
on fracture events were obtained through a self-reported
questionnaire, and the findings were further confirmed by
medical records and radiographic and operative reports.
All studies reported adjusted risk estimates; however,
there were considerable differences in the selection and
number of variables accounted for in the maximally ad-
justed models. All studies were considered to have good
quality (NOS ≥ 7).

Meta-analysis

Milk consumption and the risk of hip fracture

Fourteen prospective cohort studies, with a total of 9564 hip
fracture events among 363,383 participants, reported in nine
articles [18–26], were included in the meta-analysis of the
association between the highest versus lowest category of
milk consumption and the risk of hip fracture. Higher milk
consumption was not associated with the risk of hip fracture
(RR 0.86, 95% CI 0.73, 1.02; Fig. 1), with a high heteroge-
neity across the studies (I2 = 60.1%; P heterogeneity = 0.01).
There was no evidence of publication bias (PBegg’s = 0.10; P
Egger’s = 0.21). The results of the subgroup analyses and
meta-regression analyses are presented in Table 2. Vitamin
D fortification policy, sex, and adjustment for certain variables
appeared to be sources of heterogeneity across the studies.
Meta-regression analyses revealed that vitamin D fortification
policy could be a potential effect modifier (P meta-regres-
sion = 0.04) for the association between milk consumption
and the risk of hip fracture, showing that a reduced risk of
hip fracture was only evident in the USA (RR 0.75, 95% CI
0.65, 0.87), but not in Scandinavian countries (RR 1.00, 95%
CI 0.85, 1.17). Seven articles [18–20, 22, 23, 25, 26] provided
sufficient data for the investigation of the potential linear as-
sociation between milk consumption and the risk of hip frac-
ture. There was no linear association between milk consump-
tion and the risk of hip fracture (RR 0.97, 95% CI 0.92, 1.03;
per 1 glass/day). However, a reduction in the risk with in-
creased milk consumption was observed in the USA (RR
0.93, 95% CI 0.88, 0.98; per 1 glass/day), but not in
Scandinavian countries (RR 1.01, 95% CI 0.95, 1.07; per 1
glass/day), confirming the results of the main analysis.

Consumption of cheese or yogurt and the risk of hip fracture

Six prospective cohort studies, with a total of 8217 hip frac-
ture events among 234,654 participants, reported in four arti-
cles [21–23, 25], were included in the meta-analysis of the
association between the highest versus lowest category of yo-
gurt consumption and the risk of hip fracture. Furthermore,
eight prospective cohort studies, with a total of 8860 hip frac-
ture events among 305,157 participants, reported in four arti-
cles [22–25], were included in the meta-analysis of the asso-
ciation between the highest versus lowest category of cheese
consumption and the risk of hip fracture. Higher yogurt (RR
0.78, 95% CI 0.68, 0.90; Fig. 2), but not cheese (RR 0.85,
95%CI 0.66, 1.08; Fig. 2), consumption was associated with a
lower risk of hip fracture. The heterogeneity was high in the
analysis of cheese (I2 = 76.9%; P heterogeneity < 0.01) and
low in the analysis of yogurt (I2 = 14.3%; P heterogeneity =
0.32). There was no evidence of publication bias (all P
Begg’s > 0.36; all P Egger ’s > 0.45). Higher yogurt
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consumption was inversely associated with the risk of hip
fracture in bothmen (RR 0.80, 95%CI 0.66, 0.96) and women
(RR 0.72, 95% CI 0.60, 0.86), whereas higher cheese con-
sumption was not associated with the risk of hip fracture in
either men (RR 0.88, 95% CI 0.65, 1.01) or women (RR 0.77,
95% CI 0.53, 1.12).

Discussion

Summary of the primary findings

In the highest versus lowest category meta-analysis, higher
consumption of yogurt, but not milk or cheese, was associated
with a lower risk of hip fracture. For milk, a reduced risk of hip
fracture with higher milk consumption was observed in the
USA, but not in Scandinavian countries; these findings were
further supported by the fact that American studies, but not
Scandinavian studies, demonstrated a linear association be-
tween milk consumption and the risk of hip fracture.

Milk consumption and the risk of hip fracture

The best available evidence on the association between milk
consumption and the risk of hip fracture was predominantly
derived from prospective cohort studies conducted in the USA
[18, 21, 23, 25] and Scandinavian countries (Norway [20, 26],
Sweden [22], and Denmark [24]), all countries in which the
levels of milk consumption [39], hip fracture probability [40],
and hip fracture incidence [41] are relatively high. The results
of individual studies generally showed a tendency towards an
inverse association between higher milk consumption and the
risk of hip fracture, except for the dose-dependent increase in

the risk of hip fracture withmilk consumption among Swedish
women in the Swedish Mammography Cohort [22]. In this
cohort, however, yogurt or cheese consumption was associat-
ed with a lower risk of hip fracture. The authors hypothesized
that milk may have an undesirable effect because it is the
major dietary source of D-galactose, which has been shown
to cause premature aging in animal models via oxidative stress
and chronic inflammation, factors that contribute to bone and
muscle loss in humans. In contrast, fermented dairy products,
such as yogurt and cheese, have lower or untraceable levels of
galactose and distinct functional properties compared to milk
due to the presence of probiotics and/or prebiotics that may
confer additional bone benefits beyond the effects of their
nutrients (e.g., protein, calcium, phosphorus). The potential
influence of fermented dairy products on the risk of hip frac-
ture will be discussed in detail in the section below (see
“Fermented dairy products and the risk of hip fracture”).

Instead of interpreting the aforementioned results with cau-
tion, the media has exaggerated and improperly interpreted the
findings of the Swedish Mammography Cohort [22], and this
may create public skepticism and confusion that may cause
people to unnecessarily stop or avoid consuming milk, when
in fact they contain bone-beneficial nutrients [2, 3, 6–8].
Observational studies cannot prove or disprove the presence
of a direct cause and effect between milk consumption and
fracture incidence owing to the influence of genetic and life-
style factors, and it is almost impossible to control all these
factors. Although currently no RCT have focused on this as-
sociation, accumulating evidence fromRCTs does not support
the potentially detrimental effect of milk on bone health,
showing that milk consumption generally has favorable
effects on BMD [42–44] and bone turnover markers
[45–49] in adults.

Fig. 1 Association between the
highest versus lowest category of
milk consumption and the risk of
hip fracture
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The average age at the baseline of the women enrolled in
the Swedish Mammography Cohort [22] was approximately
53 years, and after approximately 20 years of follow-up, they
will be in their 70s. It is known that the prevalence of osteo-
porosis increases progressively with age [50]. In Sweden, os-
teoporosis is prevalent among older women, with one in three
women aged between ages 70 and 79 years having osteopo-
rosis [51]. Since milk contains nutrients that are essential for
the maintenance of bone health, older women at a high risk of
fracture or with osteoporosis may have been consuming more
milk than those without this condition. Osteoporosis per se
confers a greater risk of fracture development. Scandinavian
countries have the highest incidences of hip fracture, world-
wide [40, 41]. The incidence of hip fracture among Swedish
women is among the highest, globally [40, 41]. Thus, the

increased risk of hip fracture observed in association with
higher milk consumption may have been driven by osteopo-
rosis. Notably, a history of osteoporosis or BMD was not
considered in the maximally adjusted model.

Milk fortification is utilized to improve the dietary intake of
certain nutrients, particularly vitamin D. Thus, the nutrient
concentration in milk may differ across countries depending
on the fortification policy. It has been suggested that the in-
creased risk of fracture among the women in the Swedish
Mammography Cohort [22] may be because milk in Sweden
was fortified with high amounts of vitamin A at the time the
dietary questionnaires were administered [7]; a high intake of
vitamin A and retinol has been linked with a higher risk of hip
fracture [52]. However, the increased risk of hip fracture was
corroborated after adjustment for several nutrients related to

Table 2 Subgroup and meta-
regression analyses of the
association between the highest
versus lowest category of milk
consumption and the risk of hip
fracture

No. of
publications

RR (95% CI) I2, % P value for
heterogeneity

P value for meta-
regression

Vitamin D fortification policy

USA 4 0.75 (0.65, 0.87) 0 0.56 0.04

Scandinavian
countries

4 1.00 (0.85, 1.17) 44 0.15

Sex

Men 4 0.95 (0.84, 1.07) 0 0.45 0.79

Women 6 0.92 (0.62, 1.37) 92 < 0.01

Adjusted for age

Yes 8 0.81 (0.69, 1.06) 38 0.12 –

No 1 1.08 (0.94, 1.24) – –

Adjusted for BMI

Yes 6 0.90 (0.75, 1.08) 68 < 0.01 0.24

No 3 0.67 (0.45, 0.98) 0 0.45

Adjusted for height

Yes 6 0.84 (0.65, 1.08) 72 < 0.01 0.98

No 3 0.90 (0.77, 1.06) 3 0.35

Adjusted for physical activity

Yes 6 0.93 (0.78, 1.09) 63 0.02 0.06

No 3 0.55 (0.36, 0.82) 0 0.96

Adjusted for alcohol

Yes 4 0.87 (0.71, 1.07) 59 0.06 0.72

No 5 0.78 (0.56, 1.10) 57 0.05

Adjusted for smoking

Yes 7 0.88 (0.73, 1.05) 67 < 0.01 0.55

No 2 0.73 (0.44, 1.19) 10 0.29

Adjusted for energy intake

Yes 5 0.87 (0.67, 1.14) 76 < 0.01 0.66

No 4 0.86 (0.71, 1.04) 11 0.54

Adjusted for calcium or vitamin D supplementation

Yes 6 0.88 (0.69, 1.12) 70 < 0.01 0.58

No 3 0.78 (0.56, 1.09) 41 0.72

Italicized numbers indicate statistical significance (P < 0.05)

BMI body mass index, CI confidence interval, RR relative risk
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milk consumption, including retinol. In the USA, fluid milk
(also includes acidified milk and cultured milk) and yogurt are
voluntarily fortified with vitamin D (1.05 μg/100 g for milk
and 2.225 μg/100 g for yogurt) [5]. In Sweden, milk with a
maximum fat content of 1.5% must be fortified with 0.38–
0.50μg/100 g vitamin D; in 2015, this mandatory fortification
policy was proposed to include all fluid milk products with a
maximum fat content of 3% (0.95–1.10 μg/100 g for milk and
0.75–1.10 μg/100 g for fermented milk) [5]. In Norway, only
extra low-fat milk was fortified with vitamin D (0.40 μg/
100 g) [5]. In Denmark, vitamin D fortification has not yet
been widely implemented and accepted [30].

It is particularly important to acknowledge that ade-
quate vitamin D is necessary for optimal calcium absorp-
tion [3, 4]. A recent meta-analysis [53] of RCTs suggested
that calcium in combination with vitamin D, but not vita-
min D alone, is associated with a reduced risk of hip
fracture among postmenopausal women compared to a
placebo. In a 1-year clinical trial, calcium and vitamin
D-fortified milk intake was associated with significantly
reduced bone turnover marker levels among Chinese post-
menopausal women in Malaysia compared to regular milk
[42]. Higher consumption levels of total dairy, fluid dairy,
and milk were associated with a higher BMD among
Puerto Rican adults aged 46–79, particularly in those with
vitamin D sufficiency [54]. The Framingham Study [55]
found that, among vitamin D supplement users, but not
nonusers, higher intakes of milk, fluid dairy, and milk +
yogurt + cheese were associated with a higher lumbar
spine BMD, while higher intakes of milk + yogurt + cheese
were associated with a higher trochanter BMD. The inconsisten-
cy or heterogeneity across studies investigating the association

between milk consumption and hip fracture risk could, to some
extent, be explained by the presence of different vitamin D for-
tification policies across these countries. In the present meta-
analysis, the reduced risk of hip fracturewith higher consumption
of milk was only observed in the USA, but not in Scandinavian
countries, possibly because the vitamin D fortification of milk
products is more commonly performed in the USA than
Scandinavian countries. Alternately, the lack of an association
between milk consumption and hip fracture risk in
Scandinavian countries could be attributed due to the very high
consumption of dairy products in these countries [39]. Therefore,
it would be more difficult to detect a statistically significant as-
sociation because even those in the lower categories of milk
consumption are likely to consume high amounts of other dairy
products that may potentially influence the association between
milk consumption and the risk of hip fracture. Only one [19]
prospective cohort study focusing on the association between
milk consumption and the risk of hip fracture has been performed
in a country other than the USA and Scandinavian countries. A
study in Japan [19], in which the vitamin D fortification of milk
products is not commonly performed [56], found that highermilk
consumption was not associated with hip fracture risk. However,
a study [56] in female Japanese college students showed that
consumption of vitamin D-fortified milk for 8 weeks was asso-
ciated with increased serum levels of calcium and fibroblast
growth factor-23 and reduced serum levels of bone-specific al-
kaline phosphatase andN-terminal telopeptide of type I collagen.
While most studies focusing on the association between milk
consumption and the risk of hip fracture adjusted for the intake
of calcium or vitamin D from supplements [18, 21–23, 26] or
other non-dairy sources [25], this does not account for the vita-
min D synthesized in the skin following sun exposure. Thus,

Fig. 2 Association between the
highest versus lowest category of
yogurt or cheese consumption
and the risk of hip fracture
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information on the vitamin D status of the participants may pro-
vide valuable insights into the association between milk con-
sumption and the risk of hip fracture. Furthermore, if vitamin D
is truly among the nutrients in milk that influences the risk of hip
fracture, comparisons should take into account not only fortifica-
tion status (fortified versus regular) but also the amounts of vita-
min D added in milk.

In the present meta-analysis, the inverse association be-
tween higher milk consumption and hip fracture risk was
somewhat stronger in studies that did not adjust for BMI than
in those that adjusted for it, although the difference between
the groups was not significant (P meta-regression = 0.24;
Table 2). BMI and waist circumference have been shown to
influence the association between milk consumption and the
risk of hip fracture [25]. The Nurses’ Health Study and the
Health Professionals Follow-up Study [25] showed that milk
consumption was associated with a lower risk of hip fracture
among men and women with a BMI of at least 30 kg/m2. The
joint association of BMI and milk consumption with the risk
of hip fracture may be complicated by mechanical loading,
bone strength, and soft tissue padding. Cumulative evidence
[57, 58] from observational studies indicates that a low BMI is
associated with a higher risk of hip fracture, independent of
BMD,whereas a high BMI is associated with a reduced risk of
hip fracture, conditional on BMD. BMD tends to increase
with increasing BMI as a consequence of greater skeletal load-
ing from excess weight. While excess weight may increase the
fracture risk as a consequence of an increased impact forces in
a fall, the increased impact forces are likely to be offset by a
greater absorption of impact forces by extra soft tissue pad-
ding [59], leading to a reduction in the risk of fracture at
certain sites among individuals with a high BMI [57–59].
The Norwegian Counties Study and Five Counties Study
demonstrated a tendency towards an increased risk of hip
fracture with a consumption of four or more glasses of milk
per day among women with a BMI lower than 24 kg/m2 [26].
As the authors acknowledged, this positive association could
be due to the high prevalence of cigarette smoking, physical
inactivity, and poor self-rated health among women with a
BMI lower than 24 kg/m2 [26]. Nonetheless, the reduced soft
tissue padding around the hip region may not provide suffi-
cient protection during falls in those with a low BMI, resulting
in an increased hip fracture risk.

Unlike high BMI, high waist circumference—a marker of
abdominal adiposity—has been linked to an increased risk of
hip fracture [60]. It has been suggested that the inflammatory
cytokines released by visceral adipocytes may stimulate bone
resorption and suppress bone formation [61]. The low-grade
inflammation associated with excess visceral adipose tissue
may be counterbalanced by positive factors associated with
body fatness, such as estrogen [62]. As the production of
estrogen by the ovaries ceases after menopause, the adipose
tissue becomes the primary site of endogenous estrogen in

postmenopausal women. Thus, the higher the degree of adi-
posity after menopause, the higher the levels of adipose tissue-
derived estrogens [63]. Moreover, higher serum estradiol con-
centrations have been shown to be associated with a lower risk
of hip fracture [64]. Indeed, the reduction in the risk of hip
fracture associated with milk consumption was only observed
in fracture cases among women, but not men, with a higher
waist circumference [25].

Fermented dairy products and the risk of hip fracture

Lactic acid fermentation has been long used to prolong the
shelf life of dairy products. Fermented dairy products, similar
to the milk from which they are made, also contain important
nutrients that are essential for bone health [65], while at the
same time the presence of probiotics and/or prebiotics provide
distinct functional properties that may confer additional bone-
related benefits [8, 65, 66]. For this reason, fermented dairy
products may have greater effects on bone health than milk,
which neither contains probiotics nor prebiotics [8].

Prebiotics and probiotics have been proposed to be in-
volved in the regulation of bone health via the modulation of
gut microbiome, increased intestinal barrier function, and re-
duced intestinal inflammation, leading to several local and
systemic responses [8, 65, 67, 68], as follows: reduced inflam-
mation degree in the gut, blood, and bone; increased levels of
metabolite such as short-chain fatty acids that can enhance
calcium absorption and signal locally in the gut and bone;
and increased levels of bacterial secreted factors and intestinal
hormones such as incretins and serotonin that are known to
regulate bone density [8, 65, 67, 68]. The aforementioned
local and systemic responses may result in reduced osteoclast
activity and/or increased osteoblast activity, leading to in-
creased bone density, structure, and strength. Indeed, emerg-
ing evidence from RCTs indicates that probiotics and prebi-
otics may contribute to improved bone health in humans [8,
65]. In this case, probiotic supplementation has been shown to
prevent bone loss [69, 70], reduce the bone resorption degree
[71], and increase BMD [72] in postmenopausal women.
Furthermore, prebiotic supplementation has been shown to
consistently result in improved calcium absorption in adoles-
cents [73–75] and postmenopausal women [76, 77].

Accumulating evidence from RCTs suggests that
fermented dairy products may improve bone health through
the maintenance of calcium balance and prevention of second-
ary hyperparathyroidism, as well as an age-related increase in
the rate of bone resorption and age-related bone loss [65]. The
association between the consumption of fermented dairy prod-
ucts, cheese and yogurt, and the risk of hip fracture has been
investigated in several prospective cohort studies [21–25].
Although both yogurt and cheese are fermented dairy prod-
ucts, our findings indicate that higher intakes of yogurt, but
not cheese, are associated with a lower risk of hip fracture in
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both men and women. The inverse association between higher
yogurt, but not cheese, consumption and the risk of hip frac-
ture could, to some extent, be explained by several factors.
First, the lack of an association between cheese and hip frac-
ture risk could be attributed to the limited statistical power for
the detection of weak association, as a consequence of the
small number of studies that investigated this association.
Second, the association between cheese consumption and
hip fracture risk may differ according to the type of cheese.
Unfortunately, we could not test this possibility because all
studies on this association did not stratify their analyses ac-
cording to cheese type. The findings of longitudinal analyses
of bone microstructure in postmenopausal women indicated
that age-related cortical bone loss was attenuated at non-
bearing bone sites among those who consumed fermented
dairy products (including yogurts, fresh cheese, “petit-suisse”
cheese, quark, and kefir), but not among those who consumed
milk or ripened cheese [78]. Future studies on the association
between cheese consumption and hip fracture risk must focus
on the different cheese types (e.g., ripened cheese, fresh
cheese) consumed by participants. Third, the stronger inverse
association observed between yogurt consumption and hip
fracture risk could be due to the fact that yogurt consumption
is often associated with healthy lifestyles and dietary patterns
[79] that may contribute to improved bone health [80].
Evidence from observational studies suggests that people
who consume yogurt are more likely to be more physically
active, smoke less frequently, consume lower amounts of al-
cohol, and have higher education levels and better nutrition-
related knowledge than non-consumers [79].

Dairy consumption and the risk of fracture other than
hip fracture

There is a lack of sufficient data from prospective cohort
studies focusing on the association between dairy con-
sumption and the risk of fractures other than hip fracture
[12, 18, 81–83]. The association between milk consump-
tion and the risk of vertebral fracture has been investigat-
ed in several studies [12, 18, 81–83], none of which found
an association. Similarly, milk consumption was not asso-
ciated with the risks of ankle fracture [18], proximal hu-
meral fracture [18], and wrist fracture [12, 18]. A study
[12] in elderly French people indicated the absence of an
association between low cheese consumption and the risks
of vertebral fracture and wrist fracture, whereas low yo-
gurt consumption was associated with an increased risk of
wrist fracture only. All the above-mentioned studies were
hampered by the limited number of fracture events at each
site and relatively short follow-up period. Further data on
the association between dairy consumption and the risk of
fractures other than hip fracture are warranted.

Limitations

Several caveats need to be taken into account in the interpre-
tation of the results of the present meta-analysis. First, obser-
vational studies are subject to residual confounders that may
influence the observed associations. Residual confounders
may remain unadjusted due to either the lack of information
or confounders that were not considered. Although age, sex,
physical activity, BMI, height, alcohol consumption, and
smoking were considered in the majority of the included stud-
ies, nearly all of them lacked information on potentially im-
portant confounders, such as vitamin D status; the use of cer-
tain medications; a history of osteoporosis, frailty, falls, and
certain medical conditions; hormone levels; and bone
markers, all of which have been shown to influence fracture
risk [84–87]. Second, dairy consumption was assessed using a
FFQ. FFQ data are subject to bias related to memory and
sincerity, which may lead to the imprecise estimation of the
true association. For example, people tend to overestimate the
intake of foods perceived as healthy and underreport the in-
take of foods perceived as less healthy [88]. To address this
limitation associated with FFQs, several fatty acids (C14:0,
C15:0, C17:0, and trans-C16:1n-7) were used as biomarkers
of dairy intake [89–91]. It would be of interest to investigate
the associations between these fatty acids and the risk of frac-
ture. Third, the meta-analyses of cheese and yogurt were
based on a limited number of studies. Therefore, subgroup
analyses could not be performed, preventing robust conclu-
sions from being drawn. Fourth, the high heterogeneity ob-
served in the analysis of milk or cheese consumption and hip
fracture risk suggests that the results should be interpreted
with caution. For milk, the subgroup analyses revealed that
the heterogeneity across studies was driven by the
Scandinavian studies, as we found no heterogeneity among
the American studies. For cheese, we were unable to perform
subgroup analyses for the identification of the source of het-
erogeneity owing to the limited number of studies on this
association. Finally, the generalizability of our findings may
be limited as the included studies were predominantly con-
ducted in America and Scandinavian countries, in which the
level of dairy consumption [39] and hip fracture probability
[40, 41] are high. More studies must be conducted in other
countries/continents.

Implications

While some people avoid dairy product intake for a variety of
reasons, many others cherish the flavor of milk, cheese, and
yogurt and the potential health benefits derived from the nu-
trients present in them. Individual judgment may play an im-
portant part in the decision of whether the health benefits of
the intake of milk and other dairy foods outweigh the potential
health risks, often influenced by various sources of
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Table 3 Common misconceptions and facts regarding dairy products and bone health

Misconceptions Facts

There is a misconception that high-protein foods containing sulfur amino
acids, which are commonly found in animal source foods (i.e., meat, egg,
dairy), are detrimental to bone health. According to this concept, the
metabolism of protein leads to acid production that triggers the release of
calcium from the bones to buffer the acid load from the diet, leading to an
increased bone calcium excretion rate in the urine, which in the
long-term may contribute to negative calcium balance and eventually
osteoporosis. In other words, the increased urine calcium excretion rate
associated with the intake of high-protein foods is assumed to be equal to
the loss of calcium from the bones.

• Although urinary calcium excretion rates increase with increases in the
degree of urine acid excretion, the calcium balance and levels of
N-terminal telopeptides (a marker of bone resorption) are not affected by
urine acid excretion, suggesting that the increased urine calcium
excretion rate associated with an increased urine acid excretion degree
does not represent the loss of the overall calcium status of the body [97].

•Neither urine pH nor acid excretion is associated with either the incidence
of fractures or changes in bone mineral density [98].

• There is no evidence indicating that phosphate, a marker of the metabolic
production of acid, negatively influences calcium metabolism. Higher
intakes of phosphate have been shown to be associated with reduced
urine calcium excretion rates and increased calcium balance [99].

•While higher protein intake has been consistently shown to be associated
with an increased urinary calcium excretion rate [100], the increased
urinary calcium excretion rate could be attributed to the improved
intestinal calcium absorption resulting from higher protein intake rather
than bone demineralization [101–103].

• Current evidence does not support the potential detrimental impact of
higher protein intake from any source (animals and plants) on bone
health, as higher protein intake generally demonstrates a neutral
association with bone health markers and the risk of fracture [104, 105].

• The influence of protein intake on bone health may be modified by
calcium intake. The potential beneficial impact of higher protein intake
on bone health may only be apparent when the calcium intake is
adequate [106], whereas higher protein intake may negatively influence
bone health when the calcium intake is lower [20, 107, 108].

Dairy products are potentially detrimental to bone health as the incidence of
hip fracture is higher in countries with greater dairy product intakes.

• Direct causal effects between high dairy consumption and high fracture
incidences could not be established based on observational data because
they cannot control for all of the other inevitable, often unmeasurable,
exposures or factors that may actually influence results.

• Many factors have been shown to be associated with increased rates of
fracture, such as older age, female sex, ethnicity, taller stature, low body
weight, osteoporosis, previous fracture, parental history of hip fracture,
being a smoker, high alcohol intake, sedentary activity, falls, vitamin D
deficiency, calcium deficiency, certain medical conditions, the use of
certain medications, and hormonal imbalance [80, 84–87].

• The link between high dairy consumption and high fracture incidences
can be seen as merely coincidental because some of those risk factors are
often more prevalent in countries in which the level of dairy
consumption is higher [40, 41, 109–114]. Moreover, RCTs suggests that
dairy product consumption is inversely associated with bone turnover
markers and positively associated with bone mineral content or bone
mineral density [6–10].

• One may also argue that dairy consumption translates to higher animal
protein intake, which has been thought to have detrimental effect on
bone due to their “acid-forming” properties. However, higher animal
protein intake is neutrally associated with the risk of fracture [105].

The intake of dairy products guarantees healthy and strong bones because
they are high in calcium, the mineral most important for bone health.

• While the inclusion of dairy products into the diet helps in the
achievement of the dietary requirements of calcium and other
bone-beneficial nutrients [2, 3], other factors related to healthy lifestyles,
including being physically active, maintaining a healthy weight, limiting
alcohol consumption, avoiding smoking, and having a healthy, balanced
diet that provides adequate supply of bone-beneficial nutrients, are also
necessary for bone health optimization [80, 109]. Therefore, the intake of
dairy products alone without the other components of healthy lifestyles
related to improved bone health is unlikely to have major favorable
impacts on bone health.

• Although dairy products are excellent sources of calcium, the mineral
cannot be efficiently absorbed without adequate vitamin D. The
currently available evidence, including the present meta-analysis,
suggests that the extent to which dairy products may positively influence
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information. Given the high importance of dairy products as
major sources of important dietary nutrients, worldwide, any
information based on weak science or cherry-picking evi-
dence may cause confusion and skepticism among consumers.
Our findings, together with a substantial proportion of the
current scientific evidence [7, 92–96] on this field, demon-
strate the scientifically unsound and misleading nature of
claims that state that dairy products cause many diseases, such
as bone fractures. The commonly observed misconceptions
and facts [97–116] regarding dairy products and bone health
are compiled in Table 3. It is safe to say that dairy products
neither guarantee healthy and strong bones, nor are they del-
eterious to bone health. Having a healthy lifestyle, including
participation in physical activity, maintenance of a healthy
weight, limited alcohol consumption, avoidance of smoking,
and intake of a healthy, balanced diet that provides an ade-
quate supply of bone health-beneficial nutrients, is essential
for the maintenance of bone health [80, 109]. In this case,
dairy products can be incorporated into a healthy, balanced
diet as they contain a unique package of valuable nutrients
that are important for bone health [2, 3, 6–8]. Altogether, there
is no compelling reason to discourage moderate milk and
dairy consumption in individuals without a contraindicating
condition (e.g., lactose intolerance, milk allergy).

Conclusions and future directions

The cumulative evidence from prospective cohort studies re-
assuringly suggests that the risk of hip fracture may not be
elevated among people who consume milk, yogurt, and
cheese, and that higher consumption levels of milk or yogurt
may even be associated with a lower risk of hip fracture de-
pending on factors that differ across populations of interest.
Additional data from prospective cohort studies focusing on
the associations between the consumption of different types of

dairy products, preferably stratified by fat content and fortifi-
cation status, during different periods in life and the risks of
fracture at different sites across different subpopulations and
genetic variations, may refine the current knowledge on this
topic. It is also of interest to investigate the associations be-
tween the biomarkers of dairy product intake and fracture risk.
Owing to the fact that observational studies cannot establish
causal relationships, long-term, large-scale RCTs are warrant-
ed to establish the causal relationship between dairy consump-
tion and the risk of fracture.
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