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Milk and milk product consumption is positively associated with bone mineral density (BMD). Emerging evidence suggests that fermented milk
products (FMPs) may have specific beneficial effects on skeletal health. We conducted a systematic review and meta-analysis to assess the effect of
FMPs on bone health indicators in postmenopausal women given their increased risk for osteoporosis and fragility fractures. Electronic databases
were searched for randomized controlled trials (RCTs) and prospective cohort and case-control studies that examined the relation between FMPs
and bone health outcomes (fracture incidence, BMD, BMD T-score, and percentage change in bone turnover markers) in postmenopausal women.
Two reviewers independently conducted abstract and full-text screenings and data extractions. Risk of bias was assessed using the RoB 2.0 tool
and the Newcastle-Ottawa scale for interventional and observational studies. Pooled RRs were obtained using a random-effects model by the
DerSimonian-Laird method. Three RCTs, 3 prospective cohorts, and 3 case-control studies met the inclusion criteria. Results of the meta-analysis
of 3 cohort studies (n = 102,819) suggest that higher yogurt consumption was associated with reduced hip fracture risk (pooled RR: 0.76; 95% Cl:
0.63,0.92, P = 29%), but no difference in hip fracture risk was found between higher and lower cheese consumption (pooled RR: 0.89; 95% Cl: 0.73,
1.10, P = 0%). Case-control studies revealed that cheese intake had either a null or a protective effect against osteoporosis (BMD T-score <—2.5).
Daily yogurt or cheese intervention (<2 mo) decreased bone resorption marker concentrations, but had no effect on bone formation markers.
In postmenopausal women, of the FMPs studied, only greater yogurt consumption was associated with a reduced risk of hip fracture compared
with low or no intake. Daily cheese intake may be associated with higher BMD T-scores, but evidence was limited. Additional and longer-term trials
examining these relations are warranted. Adv Nutr 2020;11:251-265.
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Introduction

Osteoporosis and osteoporotic fractures are public health
concerns, especially in older women. This skeletal disease,
characterized by low bone mass and microarchitectural de-
terioration of bone tissue, affects approximately 200 million
women globally (1-3). Although age-related bone loss affects
both men and women, the decline of bone mass is accelerated
at menopause when bone resorption exceeds bone formation
(4). Moreover, fracture rates are higher in elderly women
than in men, an increased risk that is not only a result of
predisposed genetic differences between the sexes, but is also
attributable to other factors affecting the preservation of bone
mass in later adulthood.

For instance, reaching maximal peak bone mass by early
adulthood, physical activity, and adequate nutrition are
major factors that affect the retention of bone mass across
the lifespan. Among the bone-building nutrients, calcium,
an important component of bone, plays a primary role in
osteoporosis prevention as a modifiable factor that helps
reduce bone loss. Findings from a systematic review on
dietary calcium intake among adults showed that women
generally have a lower average calcium intake than men
(5). Furthermore, national surveys from North America
indicated that >80% of women >50 y have a dietary calcium
intake that falls below the current RDA of 1200 mg/day (6-
8). To reduce the global burden associated with osteoporosis,
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optimizing calcium intake is necessary. Although calcium
can be found in many foods, milk and milk products such
as yogurt and cheese are valued as good or excellent sources
of calcium (9, 10).

Evidence from observational studies and randomized
controlled trials (RCTs) has shown a positive association
between milk or total milk product intake and bone mineral
density (BMD) (11-13). Reduced fracture risk is the key
clinical outcome sought in bone health interventions, and
yet the impact of milk and milk product consumption
on fracture risk, including risk of hip fracture, remains
unclear (14-16). Milk, yogurt, and cheese have similar
yet distinct nutrient profiles that vary in part due to the
fermentation process. Fermented milk and fermented milk
products (FMPs), also known as cultured milk products,
are milk products prepared by lactic acid fermentation
(17). The bacterial cultures in cheese are less active than
those found in some yogurts in which live bacteria remain
active postconsumption. Results from a large cohort study
reported an inverse association between FMP consumption
and the fracture risk in middle-aged and older women and,
in contrast, high milk intake was associated with greater
fracture risk (18). Michaélsson et al. (18) proposed that the
higher content of D-galactose found in milk compared with
FMPs may act as a prooxidant and promote inflammation
based on the positive association between milk intake
and markers of oxidative stress (urine 8-iso-PGF2«) and
inflammation (IL-6), whereas the probiotic content of FMPs
may exhibit antioxidant and anti-inflammatory properties
that can benefit bone health. Urine 8-iso-PGF2« and serum
IL-6 have previously been shown to be negatively associated
with BMD and stimulate bone resorption, respectively
(19, 20). Moreover, emerging evidence suggests favorable ef-
fects of probiotic supplementation on bone health and reduc-
tion in proinflammatory cytokines such as TNF-o and IL-18
(21, 22). Although robust data in humans demonstrating
these effects are lacking, these findings are of possible public
health interest given that dietary guidelines often recom-
mend milk and milk products collectively yet probiotics are
only found in FMPs.
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Recently, Bian et al. (23) conducted a meta-analysis to
examine the association of different types of milk products
with hip fracture risk in men and women and found that
yogurt and cheese consumption, but not milk consumption,
was associated with reduced fracture risk. However, whether
the observed associations differed between men and women
was not explored in their study. In view of the higher
prevalence in osteoporosis and greater fracture incidence
in postmenopausal women than in older men (2, 3), it is
important to examine the relation between FMP intake and
various bone health indicators in postmenopausal women
specifically. The purpose of this systematic review is to
summarize the evidence on the association of FMP con-
sumption on skeletal outcomes and bone health indicators in
postmenopausal women.

Methods

This review was registered on the International Prospective
Register of Systematic Reviews in 2018 (PROSPERO) as
CRD42018085232, and reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) recommendations (24).

Literature search

A literature search in Embase Classic + Embase (1947-
present, OvidSP), MEDLINE (1946-present, OvidSP),
PubMed (1946-present, PubMed), CINAHL Plus (1937-
present, EBSCOhost), and the Cochrane Central Register
of Controlled Trials (CENTRAL, the Cochrane Library)
was conducted up to 9 January 2019 for studies of FMP
consumption and bone health indicators. An expert librarian
was consulted to generate a list of keywords and MeSH terms
to conduct the search (Supplemental Methods). Searches
were not limited by year of publication and no language
restrictions were applied. The reference list of all included
studies and nutrition research journals were hand searched
individually to identify additional studies eligible for this
systematic review. Abstracts of conference proceedings and
gray literature were excluded.

Study selection
We included RCTs, prospective cohort studies, and case-
control studies that examined the relation between FMP
consumption and a bone health outcome in postmenopausal
women or women >55 y old. Studies evaluating the
consumption of FMPs were considered in this systematic
review regardless of the type, frequency, or dose of FMP,
or the method of assessment of FMP intake. All studies
that compared the consumption of FMPs to that of non-
FMPs, low consumption, no consumption, or placebo, were
included. Studies that included a combination of milk
product intake were included only if it was possible to
quantify the intake of fermented and non-FMP intake.
Studies with mixed interventions were excluded.

Studies were included in this systematic review if they
reported on 1 of the following outcomes: 1) incidence of
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vertebral or nonvertebral fractures; 2) percentage change
from baseline in BMD of the lumbar spine, the total hip, or
the femoral neck. Studies that reported a percentage change
in bone mineral content of any site, BMD T-score of the
lumbar spine, total hip, or femoral neck, and bone turnover
markers were also included in this review. The relative
percentage change in BMD following the intervention was
a primary outcome of interest (25-29). Although forearm
BMD has been suggested as an alternative when BMD
of central sites cannot be measured, the BMD of this
peripheral site was not included, as our scoping search
yielded no prospective data. Currently, DXA is the gold
standard assessment for measuring BMD and predicting
fracture risk in the clinical setting. BMD can also be
classified and expressed as a T-score, which is the difference
between a patient’s BMD and that of a young adult reference
population expressed in SD scores from the reference (30).
Individuals with T-scores of <—2.5 meet the World Health
Organization’ criterion for diagnosing osteoporosis (31, 32).
We included bone turnover markers as secondary outcomes
of interest because these predict the rate of bone loss
as well as the risk of fragility fractures, independently of
BMD (33-38). Changes in bone turnover markers also
occur rapidly in response to osteoporosis treatments and
are associated with fracture reduction (39). Studies that
reported a change in bone formation markers [osteocalcin,
bone-specific alkaline phosphatase (BSAP), procollagen type
1 N-terminal propeptide (P1NP), and procollagen type 1 C-
terminal propeptide] or bone resorption markers [tartrate-
resistant acid phosphatase 5b (TRACP 5b), pyridinoline,
deoxypyridinoline, C-terminal telopeptide of type 1 collagen
(CTX), and N-terminal telopeptide of type 1 collagen (NTX)]
were included.

Data extraction

Study selection, data extraction and quality assessment were
performed independently by 2 reviewers (AMO and KK)
and disagreement was resolved by consensus or in consul-
tation with a third reviewer. The following information was
extracted for each study: name of first author, year of pub-
lication, country or region where the study was performed,
study design, duration of the study, sample size, recruitment
and study completion rates, participant characteristics (age,
ethnicity, level of education, smoking status, osteoporosis
status, medication use, dietary intake of FMPs and non-
FMPs, calcium and/or vitamin D supplementation, physical
activity level), effect estimates of outcome measurements,
and variables adjusted for in the multivariate models of each
study. In observational studies, only the lowest and highest
levels of intake were extracted. Authors were contacted to
obtain information on missing or unreported data. When no
response was received from the author, then the study was
excluded from this review.

Risk of bias and quality assessment
Risk of bias in RCTs was assessed using the Cochrane
Risk of Bias Tool 2.0 (RoB 2.0) (40). Each component was

categorized as “low risk,” “some concerns,” or “high risk.”
Methodological quality of observational studies was assessed
using the Newcastle-Ottawa scale (41). High-quality items
were awarded 1 star, and the highest quality studies were
awarded up to 9 stars. Studies with 0-3, 4-6, and 7-9
stars were considered as low, moderate, and high quality,
respectively. We used the Grading of Recommendations, As-
sessment, Development, and Evaluation (GRADE) approach
to assess the quality of evidence across studies for each
outcome (42).

Data synthesis and analysis

RRs from each study were combined using a random-
effects model based on the DerSimonian-Laird method in
pooling estimates to minimize problems of heterogeneity
(43). Heterogeneity was evaluated using both Cochran’s Q
test and I statistics. The I statistical test was performed
to complement the Cochran’s Q test given that the latter
test has low power to detect true heterogeneity when the
number of studies is small, while the former test does not
depend on the number of studies (44, 45). A significant Q
value (P-value < 0.05) or an I? value >50% was considered
a considerable level of heterogeneity. When considerable
heterogeneity was observed, reasons for heterogeneity were
explored in subgroup analyses. Meta-regression analysis
can be considered if the number of studies included ex-
ceeds 5 to explore the sources of variability. Due to the
limited number of studies, meta-regression analysis was
not performed. Meta-analyses were performed using the
metafor package of the R software (http://r-project.org/,
version 3.1.1).

Results

Search results

The PRISMA flow diagram illustrating the flow of arti-
cles through the search and selection process is shown
in Figure 1. The initial search yielded 1028 articles, and
after removing 510 duplicates, 518 articles were identified
for title and abstract screening. The selection process yielded
37 potentially relevant full-text publications, for which we
contacted 7 authors to obtain missing information and
4 responded (46-49). One study with a missing effect
estimate for 1 of their subgroups of participants was included
in our narrative review (50). Two studies were excluded
due to no response (51) and unsuccessful contact with the
corresponding authors (52). Following full-text review, we
identified 9 studies of FMP intake in postmenopausal women
that reported on hip fractures (n = 4), BMD T-scores (n = 2),
and bone turnover markers (n = 3). There was no study with
vertebral fracture as an outcome.

Hip fractures

Yogurt consumption.

No RCTs examined hip fracture, or any type of fragility
fractures, as an outcome. Evidence from 3 prospective cohort
studies indicate that the highest level of yogurt consumption
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FIGURE 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) flow diagram of studies through the review

process for the selection of studies for the systematic review and meta-analysis of studies of fermented milk product consumption and

bone health in postmenopausal women.

compared with the lowest intake category was associated
with a reduced risk of hip fracture (Table 1). Data on hip
fractures in women >55y old from the Framingham Original
Cohort (47) and the Swedish Mammography Cohort (46)
were obtained from the authors to meet the inclusion
criteria of this review. A total of 469 women (mean age
77 £ 5 y) from the Framingham Original Cohort were
included in this review, with 76 women sustaining an
incident hip fracture during a mean follow-up of 11.6 (range
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0.04-21.9) y. Intake was assessed at baseline with a semi-
quantitative food frequency questionnaire. The association
of any yogurt intake (>0 servings/wk; 1 serving = 240 mL)
on hip fracture risk compared with no yogurt intake was not
significant (RR: 1.12; 95% CI: 0.66-1.95) (47). In the Nurses’
Health Study, 80,600 postmenopausal women [mean age 54
(range 34-60) y] were followed for a mean duration of
20.8 vy, during which a semiquantitative food frequency
questionnaire was administered 9 times during the follow-up
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Study

Observed RR [95% CI] Weight (%)

Sahni et al. (47) : .
Feskanich et al. (53)

Michaélsson et al. (46)

i 1.12[0.66, 1.91] 11.4
0.77 [0.53, 1.12] 20.4
0.71[0.63, 0.80] 68.2

RE Model for All Studies (Q = 2i80, df = 2, P = 0.25; I = 28.6%)

Overall effect

0.76 [0.63, 0.92]

1
1.00
Relative Risk

FIGURE 2 Random-effects (RE) model meta-analysis of prospective studies on yogurt consumption (highest compared with lowest

intake levels) and risk of hip fractures in postmenopausal women.

period. No significant association between yogurt consump-
tion and hip fracture risk in postmenopausal women was
observed (53). Michaélsson et al. (46) found a 29% reduced
risk of hip fracture in a subcohort of 21,750 Swedish women
(mean age 63 = 5 y) who reported a higher consumption
of FMP (>2 servings/d of yogurt and soured milk; 1
serving = 200 mL) than those who were nonconsumers at
baseline (RR: 0.71; 95% CI: 0.63-0.79). The meta-analysis of
3 prospective cohort studies resulted in a RR of incident hip
fractures of 0.76 (95% CI: 0.63-0.92; P-heterogeneity = 0.25,
I? = 29%) (Figure 2).

Cheese consumption.

Two prospective cohort studies and 1 case-control study
examining the association between cheese intake and hip
fractures were identified (Table 2). Cheese intake was not
associated with hip fracture risk in postmenopausal women.
In the case-control study, which included 241 cases of women
[median age 64 (range 45-74) y] hospitalized for a hip
fracture and 719 controls, there was no association (OR:
1.0; 95% CI: 0.7-1.5) of hip fracture in women with lower
cheese intake (<4 portions/wk) compared with women with
higher cheese intake (>6 portions/wk) (54). The amount
of cheese per portion was not specified. Evidence from
the Framingham Original Cohort showed no association
between cheese intake (>1 serving/wk) and hip fracture risk
(RR: 0.73; 95% CI: 0.46-1.15) (47). In the Nurses’ Health
Study, cumulative consumption of 1 serving/d (28 g of hard
cheese or cream cheese, or 120 ml of cottage or ricotta cheese)
over the study period was not associated with hip fracture
risk as compared with <1 serving/wk of cheese (RR: 0.94;
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95% CI: 0.74-1.17) (53). The meta-analysis of the combined
findings from the 2 prospective studies yielded a pooled
RR of incident hip fractures of 0.89 (95% CI: 0.73-1.10)
for the highest cheese intake category compared with the
lowest cheese intake category (Figure 3), with no evidence
for heterogeneity (P-heterogeneity = 0.33, I’ = 0%).

Osteoporosis as defined by BMD T-score of <—2.5

Two case-control studies examined the relation between
yogurt/sour cream and cheese intake and BMD T-score
<-—2.5 in postmenopausal women (Table 3). Grgurevic
et al. (55) investigated factors related to osteoporosis in
postmenopausal women in Serbia (55). Cases included
postmenopausal osteoporotic women with a BMD T-score
<—2.5 at the lumbar spine and controls were age-matched
(£2 y) postmenopausal women (mean age 64 £+ 9 y) with
a normal BMD (lumbar spine T-score >—1.0). Yogurt and
sour cream were surveyed as 1 category and there were
no associations of daily consumption of yogurt and sour
cream with the diagnosis of osteoporosis (55). In the same
study, daily cheese consumption was associated with lower
odds of osteoporosis than no daily cheese consumption
(OR: 0.36; 95% CI: 0.15-0.89) (55). In the other study,
Keramat et al. (50) assessed the risk factors for osteoporosis in
postmenopausal women from Iran (mean age 56 + 6 y) and
India (mean age 56 £ 8 y). Cases, who were postmenopausal
women with a BMD T-score <—2.5 at the lumbar spine
and/or the total hip, were matched with controls from the
same countries by age in 10-y age groups (50). Daily cheese
consumption of >30 g/d was associated with lower odds of
osteoporosis when compared with consumption of <30 g/d
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Study

Observed RR [95% CI] Weight (%)

Sahni et al. (47)

Feskanich et al. (63)

0.73 [0.46, 1.15] 20.0

0.94 [0.75, 1.18] 80.0

RE Model for All Studies (Q = (1:.94, df =1, P =0.33; P = 0.0%)

Overall effect

0.89[0.73, 1.10]

I | I
0.37 0.61 1.00

Relative Risk

1.65

I 1
272

FIGURE 3 Random-effects (RE) model meta-analysis of prospective studies on cheese consumption (highest compared with lowest

intake levels) and risk of hip fractures in postmenopausal women.

in Iranian women (OR: 0.5; 95% CI: 0.3-0.9), but not in
Indian women (no effect estimate was provided by the
authors). None of the studies included in this review reported
on the association of FMP consumption and change in BMD
over time.

Bone turnover markers

All 3 RCTs reported the effect of either yogurt or
cheese interventions on different bone turnover markers
(Table 4). Heaney et al. (56) conducted a cross-over
randomized trial to examine the effect of yogurt compared
with a nonnutritious snack on urinary NTX. The authors
reported a significant reduction in urinary NTX (—8.2 nmol
bone collagen equivalents/g creatinine, P < 0.03) following
7-11 days of intervention of 3 servings of yogurt daily
compared with the consumption of a jelled fruit-flavored
snack. The amount of yogurt per serving was not specified.
Bonjour et al. (57) investigated the effect of 2 servings/d of
100 g of plain cheese made from skimmed milk and fortified
with vitamin D and calcium compared with no intervention
over 6 wkin 71 postmenopausal women (mean age 57 £ 4y).
There was no significant change from baseline or difference
at end of the study between the intervention and control
groups in serum osteocalcin, PINP, BSAP, or CTX. However,
there was a significantly greater decrease in TRACP 5b in
the intervention group than the control group (—0.64 U/L
compared with —0.34 U/L, P = 0.011). Johnson et al. (49)
investigated the effect of 85 g of processed cheese compared
with no processed cheese on osteocalcin concentrations
in older women (mean age 73 & 7 y). Following a 2-mo
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intervention, there were decreases in serum osteocalcin
concentrations in both groups (—3.7 ng/L compared with
—1.8 ng/L), but there were no differences in changes between
groups (P = 0.52).

Risk of bias and quality assessment

One of 3 trials was considered to be at low risk of bias
(56). The other 2 trials had some concerns for bias arising
from the lack of information on the allocation sequence and
concealment of allocation (49, 57) (Supplemental Table 1).
The methodological quality of the prospective cohort studies
was rated as high quality (Supplemental Table 2). One
case-control study was identified as of high methodological
quality (55), whereas the 2 other case-control studies were
identified as of moderate quality (50, 54) (Supplemental
Table 3). The overall quality of evidence according to the
GRADE approach for all outcomes was rated as “very low”
(Table 5). The main reasons for downgrading the evidence
on hip fracture risk and BMD T-score were inconsistency
in FMP exposure in observational studies and high risk
of bias in case-control studies related to the selection
of controls not representative of the general population
of postmenopausal women. Evidence on bone turnover
markers was downgraded due to high risk of bias arising
from unclear allocation concealment and inconsistency in
the reported markers in RCTs.

Discussion
In this systematic review and meta-analysis of prospective
cohort studies, we found that a higher yogurt intake was
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associated with a 24% reduction in the risk of hip fracture
in postmenopausal women when compared with no yogurt
intake. Higher cheese consumption may be associated with
reduced risk of hip fractures. However, we did not observe
a significant association as our analysis was restricted to
2 studies. Similarly, limited evidence is available to confirm
whether FMP intake is beneficial for other skeletal outcomes
such as BMD, BMD T-score, and bone turnover markers
in postmenopausal women. In a recent meta-analysis of
4 cohorts of men and women, yogurt (RR: 0.75; 95% CI:
0.66-0.86) and cheese consumption (RR: 0.68; 95% CI:
0.61-0.77) associated with a reduced risk of hip fracture
(23). In contrast to the authors of this study, we did not
include the same studies because 1 study did not stratify
their results by sex (58) and results from another were not
stratified by age (18), and we identified an additional study
that examined the relation between FMP intake and hip
fracture risk in postmenopausal women (53). Results from
our analysis suggest a protective association of yogurt, but not
cheese, with hip fracture risk specifically in postmenopausal
women. Our study therefore adds to the literature on the
potential benefits of yogurt consumption on bone health in
postmenopausal women, although the quality of evidence is
low.

Findings from a case-control study that we identified
during the selection process suggest that paneer, a form
of cottage cheese, was associated with a reduced risk of
hip fracture in Indian men and women (OR: 0.152; 95%
CI: 0.031-0.741) (52). The lack of association observed in
our analysis for cheese intake and hip fracture risk may
possibly be explained by the relatively small number of
studies (n = 2) and incident fracture events to detect an
association specifically in postmenopausal women. Although
the heterogeneity of the studies was low, the distributions
of yogurt and cheese intake levels in each cohort were
dissimilar. For instance, women from the Swedish cohort
(46) had higher intakes of FMP than women from the
Framingham Original Cohort (47) and the Nurses’ Health
Study (53), as demonstrated by the reported highest intake
levels (>2 servings/d of soured milk or yogurt compared with
>0 serving/wk and >5 servings/wk of yogurt, respectively).
There may be a threshold effect of FMP intake on hip
fracture risk, but this remains to be confirmed. Future studies
must consider a standardized approach to the allocation and
assessment of FMP serving sizes.

Higher yogurt consumption may also be a marker of a
healthy lifestyle as it has been shown to be a reflection of
long-term healthy lifestyles and dietary patterns which are
positively associated with bone health (1, 59). Findings from
prospective cohort studies suggest that yogurt consumers are
generally more physically active, smoke less, and consume
less alcohol (60, 61). Frequent yogurt consumers have also
been suggested to have overall healthier eating behaviors
and diet quality than infrequent consumers (59). Since such
lifestyle characteristics have been shown to be protective
against osteoporosis (62), it is uncertain whether the ob-
served reduction in risk of hip fracture from the cohort
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studies is the result of the metabolic effects of yogurt or that
of a healthier lifestyle.

The association of yogurt intakes and BMD was investi-
gated in 4310 Irish men and women >60 y old (63). Laird
et al. (63) found that BMD at the total hip and femoral
neck in women were higher among those with the highest
yogurt intake (>1 serving/d) compared with the lowest
intake (<1 serving/wk). This study was not included in our
review as a result of its cross-sectional design. We identified
1 case-control study in relation to daily yogurt consumption
and osteoporosis (BMD T-score <—2.5), which reported no
association (55). Biver et al. (64) investigated the association
of EMP (included yogurts, fresh cheese, “petit-suisse” cheese,
quark, and kefir) consumption on bone microstructure and
BMD in 482 healthy postmenopausal women followed over
3 £ 0.5 y. This study was not included in our analysis
because the associations between FMP intake and BMD were
reported as correlations and we were unable to compare
extreme FMP intake levels. Nonetheless, similar to the pre-
viously mentioned study by Laird et al. (63), Biver et al. (64)
found that regular (>1 serving/d) and occasional consumers
of FMPs (1-6 servings/wk) had higher BMD T-scores at
the lumbar spine and the total hip than nonconsumers
(<1 serving/wk) at baseline. They observed an attenuated
age-related cortical bone loss in FMP consumers, inde-
pendently of total energy, calcium, or protein intake, and
found no association in milk or ripened cheese consumers.
However, the authors found no relation between FMP intake
and the percentage annual change in BMD at the spine
or total hip. Although we were unable to include studies
that examined the association between kefir consumption
and bone health indicators, we identified an RCT that
investigated the effect of kefir-fermented milk on BMD
during the full-text screening stage of the study selection
process. Tu etal. (51) compared the short-term effect of kefir-
fermented milk to unfermented raw milk on BMD of the
spine, femoral neck, and total hip in 40 osteoporotic men
and women. The average BMD increased in both groups
at the end of the 6-mo intervention but the changes were
not significantly different between the 2 groups. Biver et al.
(64) speculate that the benefits of FMP may be involved
in the cortical microstructure instead of the mineralization
process, but this remains to be investigated. Their study is the
first to investigate the association of FMP consumption on
changes of bone microstructure in postmenopausal women
and provides data to support the hypothesis that FMP
may have specific metabolic effects linked to bone health
compared with non-FMPs.

The association of cheese intake and BMD or BMD
T-scores is less clear. In the Trinity Ulster Department
of Agriculture Ageing Cohort Study, cheese intake was
not associated with BMD in older women (63). Case-
control studies included in the present review showed
that cheese intake had either a null or protective effect
against osteoporosis. The mixed findings may be explained
by the difference in level of cheese intake and dietary
patterns between the population groups, or the possibility



of no effect to detect. The classification of all cheeses as
1 category in these studies may have also influenced the
results, considering the large variety of types of cheese that
differ in their fermentation process as well as their nutrient
profiles.

Few RCTs were included in our systematic review and
consisted of short-term interventions that examined the
effect of an FMP on selected bone turnover markers. Daily
yogurt intervention decreased the concentration of a bone
resorption marker, urinary NTX, but the observed effect may
be a result of a higher intake of calcium and protein from
consuming a fruit-flavored yogurt during the intervention
phase compared with the jelled fruit-flavored snack, which
mainly provided carbohydrates, during the control phase of
the trial (56). Nonetheless, the inverse association between
FMP consumption and bone resorption markers have previ-
ously been reported in large cross-sectional studies (63, 64).
In our review, cheese interventions did not have an effect on
bone formation marker concentrations (49, 57). One study
demonstrated an effect of cheese on reducing bone resorption
(57). Although TRACP 5b was significantly lower following
a daily intervention of 200 g of soft cheese, it is challenging to
differentiate whether the observed decrease in concentration
of the bone resorption marker was the effect of cheese itself
or the effect of the added calcium and vitamin D in the
cheese. Moreover, whether the observed reduction in bone
resorption markers in the RCTs is clinically important or
would be sustained over longer periods is unknown.

Emerging research on the cross-talk between gut mi-
crobiota and bone indicates that the gut microbiota has a
major influence on bone mass and bone health. Estrogen
deficiency and intestinal dysbiosis increase gut permeability,
which leads to an increased production of proinflammatory
cytokines such as TNF-«, IL-6, and IL-18 by immune cells
in the subepithelial compartments of the intestine (65).
Inflammation has well been documented to accelerate bone
loss as a result of the stimulation of osteoclast formation
and increased bone resorption (66). Experimental models
in germ-free mice indicated that modulation of the gut
microbiota with probiotics can alter intestinal permeability,
influence proinflammatory cytokines and receptor activator
of NF-«B ligand (RANKL) activity in the intestine and
bone, leading to a decrease in osteoclast activity (64, 67).
Preclinical investigations have also shown that the probiotic
Lactobacillus reuteri ATCCPTA 6475 (L. reuteri 6475),
although not usually found in FMPs, prevented femur and
vertebral trabecular bone volume loss and increased femoral
bone density in ovariectomized mice (68, 69). Findings
from a 12-mo double-blind, placebo-controlled study of the
probiotic L. reuteri 6475 in 90 women 75-80 y old with low
BMD demonstrated reduced loss of tibia total volumetric
BMD in the intervention group (70), whereas there was no
difference in the markers of inflammation (C-reactive protein
and TNF-«). Given that FMPs are predominant sources
of different strains of probiotics in the diet, investigation
into the effect FMP on a wider panel of proinflammatory
cytokines including TNF-«, IL-6, IL-18, and RANKL may

provide a better understanding of the mechanism of action
of FMP on skeletal health in postmenopausal women.

The present study has some limitations. For example,
we were unable to compare the effect of FMP and non-
FMP on bone health indicators in postmenopausal women.
The question regarding whether FMPs exert more beneficial
effects than non-FMPs on bone health remains unclear.
Moreover, cheeses and yogurts were surveyed as 2 gener-
alized groups in the included observational studies. Given
that cheeses are produced from a variety of fermentation
processes and that live cultures are not found in all cheeses,
there is a possibility that each variety may contribute to
bone health differently. Different types of cheese were used
in the included RCTs, such as soft plain cheese (57) and
processed cheese (49), resulting in a challenge to compare
outcomes across studies considering the dissimilarities in the
preparation and processing of the cheeses as well as their
different nutrient profiles. Similarly, none of the identified
studies in our review specifically examined the strains of
probiotics found in yogurts, or other types of FMP such
as Greek-style yogurts or kefir, which have higher protein
content than yogurt. Hence, comprehension of the beneficial
contribution of live bacteria and that of the food matrix
in FMPs on bone health, in combination or separately,
requires further exploration. Our study was also limited
by the difference in categorization of intakes and lack of
detail on serving sizes from some studies, which made it
difficult to compare the results across studies. Hence, our
analysis primarily considered the highest compared with the
lowest exposure category of FMP. Another limitation would
be recall bias related to the differential reporting of FMP
intake between cases and controls in case-control studies.
For example, cases may recall lower intake of FMP than
controls when reporting their past food intake and hence
introducing bias to the effect estimate. Finally, we did not
include studies that reported data on volumetric BMD by
peripheral quantitative computed tomography because of
the different parameters of bone and use of appendicular
sites and we wished to consider measurements used in
clinical practice. In addition, most of the studies included in
this systematic review are observational studies and causal
relations cannot be inferred. Further research is required to
confirm our findings and to provide more robust evidence
on the potential role of each type of FMP on bone health in
postmenopausal women.

Conclusions

Evidence from prospective cohort studies suggest that greater
consumption of FMP in the form of yogurt is associated
with a reduced risk of hip fracture in postmenopausal
women compared with low or no intake, albeit the quality
of evidence is very low. Daily cheese consumption may be
protective against osteoporosis, but more studies are required
to confirm this association. From a public health perspective,
more rigorously designed RCTs are required to guide dietary
guidelines regarding whether to promote FMPs over milk
products overall for bone health in postmenopausal women.
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