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Abstract
Summary In this cohort of community dwelling older adults
(>60 years), we observed significant positive associations between the frequencies of yogurt intake with measures of bone
density, bone biomarkers, and indicators of physical function.
Improving yogurt intakes could be a valuable health strategy
for maintaining bone health in older adults.
Introduction The associations of yogurt intakes with bone
health and frailty in older adults are not well documented.
The aim was to investigate the association of yogurt intakes
with bone mineral density (BMD), bone biomarkers, and
physical function in 4310 Irish adults from the Trinity,
Ulster, Department of Agriculture aging cohort study
(TUDA).
Methods Bone measures included total hip, femoral neck, and
vertebral BMD with bone biochemical markers. Physical
function measures included Timed Up and Go (TUG),
Instrumental Activities of Daily Living Scale, and Physical
Self-Maintenance Scale.
Results Total hip and femoral neck BMD in females were
3.1–3.9% higher among those with the highest yogurt intakes
(n = 970) compared to the lowest (n = 1109; P < 0.05) as were
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the TUG scores (−6.7%; P = 0.013). In males, tartrateresistant acid phosphatase (TRAP 5b) concentrations were
significantly lower in those with the highest yogurt intakes
(−9.5%; P < 0.0001). In females, yogurt intake was a significant positive predictor of BMD at all regions. Each unit increase in yogurt intake in females was associated with a 31%
lower risk of osteopenia (OR 0.69; 95% CI 0.49–0.96;
P = 0.032) and a 39% lower risk of osteoporosis (OR 0.61;
95% CI 0.42–0.89; P = 0.012) and in males, a 52% lower risk
of osteoporosis (OR 0.48; 95% CI 0.24–0.96; P = 0.038).
Conclusion In this cohort, higher yogurt intake was associated with increased BMD and physical function scores. These
results suggest that improving yogurt intakes could be a valuable public health strategy for maintaining bone health in
older adults.
Keywords Aging . BMD . Frailty . Physical function . Yogurt

Introduction
Osteoporosis is an increasingly common, chronic condition
estimated to affect over 200 million individuals worldwide
[1] with 6% of men and 21% of women aged 50–84 years
affected in the EU alone [2]. It is characterized by decreased
bone mineral density (BMD) with a significantly increased
risk of fracture and, subsequently, morbidity and mortality
[3]. The condition has been estimated to cause over 8.9 million fractures annually, with osteoporotic fractures accounting
for 0.8% of the global burden of non-communicable disease
and the loss of over 5.8 million disability-adjusted life years
(DALYs) [4–6].
The development of osteoporosis can be influenced by a
range of both demographic and lifestyle factors [1, 7, 8].
However, maintaining an optimal nutritional status is also a
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key preventative measure, particularly for older adults
(>50 years) [9]. Of the major food groups, dairy foods are
one of the richest sources of the macro and micro nutrients
that contribute to bone health such as protein, calcium, magnesium, and the B vitamins [10–14]. For example, dairy products are the primary source of calcium across most industrialized countries in Europe and the USA [11, 12]. Previous data
from observational studies and randomized controlled trials
(RCTs) have reported significant positive associations between dairy intakes and bone health as reviewed in recent
commentaries and government reports [15, 16]. In one 12year follow-up analysis of the Framingham Offspring Study
(n = 2506; mean age 55 years), yogurt intake alone was positively associated with hip trochanter BMD and had a weak
protective trend with hip fracture reduction [17]. Furthermore,
fermented milk products have been associated with a lower
fracture incidence and mortality [18]. There is, however, little
information on the associations of yogurt intake with bone
health biomarkers and with measures of functionality. In the
current study, we examined the association of yogurt intakes
with BMD, biochemical markers of bone health, and physical
function measures in a large cohort of free-living older adults
(n = 4310, age range 60–102 years).

Subjects and methods
Data analyzed for the current study originated from the Trinity
Ulster Department of Agriculture (TUDA) aging cohort study,
a large study of older Irish adults (>60 years) designed to
investigate nutritional factors, related gene-nutrient interactions and a range of health and lifestyle factors in the development of chronic diseases of aging. Further details of sampling and recruitment have been described previously
[18–21]. Of the 5186 participants recruited, 3 with severe
frailty (replied no or had a missing answer to the selffeeding question in the Physical Self-Maintenance questionnaire (PSM)), 866 with cognitive impairment (Mini-Mental
State Examination (MMSE) score <25), and those with a
missing response to the yogurt intake question (n = 7) were
excluded from the physical function analysis leaving a total of
4310 participants (Supplemental Fig. 1). Approximately 1699
participants did not have BMD measures taken. In addition to
these exclusions, participants who reported receiving medications that could affect bone mineral metabolism
(bisphosphonates; aromatase inhibitors; gonadotropin releasing hormone analogues or luteinizing hormone releasing agonists; anti-androgen medication; parathyroid hormone (PTH)
treatment; strontium treatment; anti-epileptic medications;
Paget’s disease treatment) were also excluded from the
BMD and bone biomarker analysis (Supplemental Fig. 1).
Ethical approval was granted by the relevant authorities in
each jurisdiction: the Research Ethics Committee of St.

James’s Hospital and The Adelaide and Meath Hospital,
Dublin, and the Office for Research Ethics Committees
Northern Ireland (ORECNI; reference 08/NI/RO3113) with
corresponding approvals from the Northern and Western
Health and Social Care Trusts, Northern Ireland.

Lifestyle and medications
Data associated with lifestyle factors were obtained by questionnaire. Information included gender, age, ethnicity, physical activity (reported as yes/no in the last two weeks), smoking
status, and alcohol intake. Full details of dietary supplement
and vitamin use including dose, frequency, and duration were
confirmed from packaging or prescription information. A
small number of supplements listed were unidentifiable or
contained unidentifiable ingredients; individuals consuming
such supplements were excluded from analysis.

Dietary dairy intake servings
Participants were given a modified food frequency questionnaire (FFQ) which asked if the participant consumed yogurt,
milk (approximated as glasses of milk per day), and/or cheese
and if yes, how often for each dairy type. The total frequency
of the daily intake serving for yogurt, milk, and cheese was
calculated from the FFQ responses (Supplemental Table 1).
These values were then separated into tertiles of non-consumers, low consumers, and high consumers for each dairy
type. Information was also recorded for the frequency of consumption of red meat and poultry (total meat), oily and white
fish (total fish), and egg intakes. No product brand name or
serving size information was available for the dairy intakes;
however, the average serving intake size in a representative
study of older Irish adults (>65 years) recruited at the same
time period (as part of the National Adult Nutrition Study
(NANS)) was 114 g (g) for yogurt, 123 g for milk, and 35 g
for cheese [22].

Biochemical analysis
A non-fasting blood sample (50 ml) was collected by venipuncture into an evacuated clotting tube (Sarstedt;
Numbrecht, Germany) by a trained phlebotomist. Samples
were kept chilled and centrifuged (3000 rpm for 15 min) within 3 h of collection, and serum aliquots were labeled and
stored at −80 °C until required for analysis. Serum bone biomarkers were measured in duplicate using an automated enzyme immunoassay method (EIA) following the manufacturer’s instructions (Triturus®, Immunodiagnostics (IDS) limited, Boldon, Tyne & Wear, UK). Inter-assay CVs were as
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follows: serum osteocalcin (OC) <4.5% (reference range for
males of 9.6–40.8 ng/ml and for postmenopausal women
12.8–55.0 ng/ml), C-terminal telopeptides of type I collagen
(CTX) <3.1% (reference range is 0.020 ng/ml to 3.380 ng/ml),
bone-specific alkaline phosphatase (BAP) <1.5% (reference
range for males of 5.7–32.9 μg/ml and for postmenopausal
women 5.5–27.1 μg/ml), and tartrate-resistant acid phosphatase (TRAP 5b) <1.6% (reference range for males of 55–
79 ng/ml and for postmenopausal women 41–81 ng/ml).
Intact PTH was measured at St. James’s Hospital, Dublin
using an electrochemiluminescence immunoassay (ECLIA)
(Modular E170, Roche Diagnostics, Dublin, Ireland) with an
inter-assay CV of <2.9% and an assay measurement range of
1.2–5000 pg/ml. Vitamin D (25-hydroxyvitamin D
(25(OH)D)) concentrations were quantified using LC-MS/
MS (API 4000; AB SCIEX; Chromsystems GmbH) with an
inter-assay CVof <5.7% (detection range 7.5–624 nmol/l) [18,
19]. Renal function tests (creatinine) were analyzed using a
Roche Cobas c701 (Roche 8000 modular system) with an
inter-assay CV <5%. Glomerular filtration rate (GFR) was
estimated by use of the Cockcroft-Gault equation.

BMD and physical function measures
BMD was measured by dual energy X-ray absorptiometry
(DXA) (Lunar iDXA™, UK) performed at the hip, the femoral neck, and the vertebral column by a fully trained operator
according to ionizing radiation medical exposure regulations
(IRMER), and scans were subsequently interpreted with the
assistance of a radiographer. Results were expressed as grams
of BMD per square centimeter (g/cm2) and as T-scores using
the manufacturer’s reference database. Osteopenia was defined as a BMD T-score between −1.0 and −2.5 at any site
and osteoporosis defined as a BMD T-score >−2.5 at any site
(below the young adult mean) [23]. Physical function was
primarily assessed by use of the Timed Up and Go (TUG) test
which measured the time it took a participant to rise from a
chair, walk three meters, turn around, walk back to the chair,
and sit down again. A score of 12 s or more has been reported
as an indication of reduced mobility [24]. Additional functionality measures included the PSM and the Instrumental
Activities of Daily Living Scale (IADL) [25].

Statistical analysis
The statistical analysis was performed using the Statistical
Package for Social Sciences (version 23.0; SPSS UK Ltd.;
Chersey, UK). Data were assessed for normality and where
necessary, data were log-transformed for normalization purposes. Data within tables are primarily expressed as adjusted
means with 95% confidence intervals. Estimated marginal

means were adjusted for age, gender, BMI, GFR, calcium,
and vitamin D supplement usage (yes/no). Where appropriate,
an independent Student’s t test, one-way ANOVA, or
ANCOVA with pairwise comparisons was applied to determine statistical differences between groups (P < 0.05). Data
were corrected for multiple comparisons using the Bonferroni
correction. Categorical variables were assessed by chi-square
analysis. Hierarchical multiple regression models with adjustment for age, gender, education, BMI, smoking status, alcohol
consumption, physical activity (in past two weeks), vitamin D
and calcium supplement usage, 25(OH) D concentration, daily milk, yogurt, cheese, total meat (red meat and poultry), total
fish (oily and white), and daily egg servings were applied to
determine significant predictors of BMD concentrations and
physical function measure scores. To determine the predictors
of bone health (osteopenia or osteoporosis), a multinomial
logistic regression model was used (with normal bone health
as the reference category) with relevant copredictors including
the nominal variables age, BMI, education, 25(OH) D concentration, PTH concentration, GFR, frequency of daily servings of milk, yogurt, cheese, total meat, and total fish and eggs
and the categorical variables gender (reference male), vitamin
D supplement user (reference non-vitamin D supplement user), non-smoker (reference smoker), non-alcohol consumer
(reference alcohol consumer), and physical activity: yes (reference physical activity: no).

Results
General characteristics of participants in the TUDA cohort as
defined by gender are shown in Table 1. The majority of
participants were female (67.4%), who were significantly
older (P = 0.004), lighter (P < 0.0001), and contained a higher
proportion of individuals receiving vitamin D or calcium supplements (P < 0.0001) in comparison with males. A higher
percentage of females were yogurt consumers with mean daily
yogurt servings significantly higher than males (0.42 vs 0.32/
day, respectively) (P < 0.0001). In yogurt consumers, the proportion who answered yes to physical activity was 80.9%
while in non-consumers, it was 74.7%. In participants who
had measures of BMD performed, 41.3% had osteopenia
while 27% had osteoporosis which was more common in
females than males (35.6 vs 14.8% respectively;
P < 0.0001). Data for the BMD, the bone biomarker concentrations, and the physical function measures across the frequency of daily yogurt intakes (split by gender) are presented
in Tables 2 and 3. In females, after adjustment for covariates
(and exclusion of those receiving medications that may affect
BMD), total hip BMD was 3.1% higher (P = 0.005) and femoral neck BMD was 3.9% higher (P < 0.0001) in the high
yogurt consumers (>once per day serving) compared to the
non-consumers (<once per week serving/never). In males,
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Table 1 Demographic and health
characteristics of the TUDA
cohort study by gender

Variable

Total
(n = 4310)

Male
(n = 1405)

Female
(n = 2905)

P value

Agea (years)
60–69b (years), n (%)
70–79b (years), n (%)
>80,b n (%)

73.1 (7.9)
1690 (39.2)
1697 (39.4)
923 (21.4)
16.2 (3.0)

72.6 (7.8)
567 (40.4)
568 (40.4)
270 (19.2)
16.2 (3.2)

73.3 (8.0)
1123 (38.7)
1129 (38.9)
653 (22.5)
16.2 (2.9)

0.004
0.284
0.325
0.014
0.564

28.0 (5.3)
69.4 (24.4)
515 (12.0)
2551 (59.2)

28.6 (4.4)
77.1 (25.4)
156 (11.1)
919 (65.5)

27.7 (5.7)
65.6 (22.9)
359 (12.4)
1632 (56.2)

<0.0001
<0.0001
0.231
<0.0001

3403 (79.0)

1094 (77.9)

2309 (79.5)

0.214

1484 (34.4)
2658 (61.7)
1806 (42.9)
3651 (84.7)

244 (17.4)
725 (51.6)
640 (46.4)
1209 (86.0)

1240 (42.7)
1933 (66.5)
1166 (41.1)
2442 (84.1)

<0.0001
<0.0001
0.001
0.089

2042 (47.8)
1742 (40.4)

447 (33.2)
308 (21.9)

1595 (58.4)
434 (49.4)

<0.0001
<0.0001

262 (6.1)

82 (5.8)

180 (6.2)

0.643

Age finished educationa (years)
Health and lifestyle
BMIa (kg/m2)
GFRa (ml/min)
Current smoker,b n (%)
Current alcohol consumer,b n (%)
Physical activity in last two weeks,b n
(%)
Receives Bone medications,b n (%)
Yogurt consumer,b n (%)
Milk (as a drink) consumer,b n (%)
Cheese consumer,b n (%)
Supplement use,b n (%)
Vitamin D supplement user
Calcium supplement user
Phosphate supplement user

Values are means (±SD) for continuous variables
a

Student’s independent t test was used to test differences between log-transformed continuous variables

b

Chi-square tests were used to test differences between categorical variables

vertebral BMD was 4.1% higher in low yogurt consumers
compared with non-consumers (P = 0.028). Similarly, mean
vitamin D concentrations (after exclusion of those receiving
vitamin D supplements) were 12.9% higher (P = 0.006) and
mean TRAP 5b concentrations were 9.5% lower (P = 0.003)
in the male high yogurt consumers compared to the non-consumers. No significant change in concentration across yogurt
consumption was observed for PTH or the remaining bone
biomarkers in either gender (Tables 2 and 3).
For physical function measures in females, non-consumers
of yogurt were 0.9 s (6.7%) slower than the high consumers
(13.8 vs 12.9 s; P = 0.020). Similarly, PSM and IADL scores
were significantly higher in the yogurt high consumers compared to the non-consumers (P = 0.010 and P = 0.003, respectively). No significant difference was observed for males. This
analysis was then repeated to examine BMD, bone biomarker,
and physical function measures across frequency of milk and
cheese intakes (Supplemental Tables 2–5). No significant difference was observed across milk intake frequencies for BMD
or bone biomarker concentrations. However, TUG scores
were significantly lower in the non-milk consumers compared
to the high milk consumers in both men and women
(P < 0.05). In addition, there were slight increases in PSM
and IADL scores across milk intakes in both genders while

no significant difference was observed across cheese intake
frequencies for any of the measures.
In a hierarchical multiple regression model (Table 4) examining predictors of BMD, bone markers, and physical function
measures, increasing yogurt intake was a significant positive
predictor for BMD in females at all three sites after adjustment
for relevant covariates. For instance, with each unit increase in
yogurt intake (i.e., an increase of one serving per week), total
hip BMD increased by 0.015 g/cm2 (P = 0.002), vertebral
BMD by 0.026 g/cm2 (P = 0.005), and femoral neck BMD
increased by 0.023 g/cm2 (P < 0.0001). Furthermore, with
each yogurt unit increase, TUG scores decreased by 0.59 s
(P = 0.021). In men only, with each unit increase in yogurt
intake, concentrations of TRAP 5b decreased by 0.118 μg/l
(P < 0.0001). Significant predictors of bone health status are
outlined in Tables 5 and 6. Daily yogurt intake was a significant predictor of bone health with each unit increase in yogurt
intake associated with a 31% lower risk of having osteopenia
(OR 0.69; 95% CI 0.49–0.96; P = 0.032) and a 39% lower risk
of being characterized as osteoporotic (OR 0.61; 95% CI
0.42–0.89; P = 0.012) in females and in males a 52% lower
risk of osteoporosis (OR 0.48; 95% CI 0.24–0.96; P = 0.038).
For females, those on vitamin D supplements had a significantly reduced risk of osteopenia (OR 0.51; 95% CI 0.34–
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Table 2 Comparison of bone mineral density (BMD), biomarkers of bone health, and mean frailty measures across frequencies of daily yogurt intake
in females in the TUDA cohort study
Tertile of daily yogurt intakes
Non-consumer

Low consumer

High consumer

Mean yogurt frequency (0.0 daily/<once Mean yogurt frequency (0.34 daily/2–3 Mean yogurt frequency (1.03 daily/
per week/never)
times per week)
>once per day)
n = 970
Variable

n = 826

n = 1109

n

Mean

95% CI

n

Mean

95% CI

n

Mean

95% CI

320
319

0.890
0.824

0.877–0.903
0.812–0.836

331
331

0.904
0.843

0.891–0.917
0.831–0.855

406
405

0.918*
0.857**

0.907–0.930
0.846–0.867

Vertebral
260
Bone health biomarkers
226
CTXa (ng/ml)
a
225
OC (ng/ml)
226
BAPa (μg/l)
226
TRAP 5ba (μg/l)
412
25(OH)Db (nmol/l)
505
PTHa (pg/ml)
Physical function measuresb
Timed Up and Go (s) 868
IADL
906

1.005

0.984–1.025

251

1.027

1.006–1.047

330

1.036

1.018–1.054

0.34
19.2
17.8
3.30
41.0
50.0

0.32–0.36
18.0–20.5
16.9–18.7
3.17–3.43
38.9–43.2
47.5–52.5

258
252
252
252
347
446

0.33
18.7
18.0
3.29
43.4
47.0

0.31–0.35
17.5–19.8
17.1–18.8
3.17–3.41
41.1–45.7
44.4–49.7

278
278
278
279
361
578

0.32
18.8
17.7
3.24
43.5
46.3

0.30–0.34
17.7–19.9
16.9–18.5
3.12–3.35
41.2–45.8
43.9–48.6

13.8
24.4

13.3–14.2
24.2–24.6

740
751

13.0
24.5

12.5–13.5
24.3–24.8

1016
1014

12.9*
24.8*

12.5–13.3
24.6–25.0

22.9

22.8–23.0

767

22.9

22.8–23.0

1035

23.1*

23.0–23.2

BMD regiona (g/cm2)
Total hip
Femoral neck

PSM

913

Values are estimated marginal means (95% CI) adjusted for multiple covariates. Differences in means were assessed by pairwise comparisons and
adjusted for multiple comparisons: Bonferroni correction. Non-consumer frequency range (0–0.07 U/<once per week/never); low consumer frequency
range (>0.07–0.50 U/>once per week to 3–4 times per week); high consumer frequency range (>0.50–2.00 U/>3–4 times per week to twice per day). OC
reference range for males of 9.6–40.8 ng/ml and for postmenopausal women 12.8–55.0 ng/ml; CTX reference range is 0.020 ng/ml to 3.380 ng/ml; BAP
reference range for males of 5.7–32.9 μg/ml and for postmenopausal women 5.5–27.1 μg/ml; TRAP 5b reference range for males of 55–79 ng/ml and for
postmenopausal women 41–81 ng/ml; intact PTH measurement range of 1.2–5000 pg/ml and 25(OH) D detection range 7.5–624 nmol/l
BAP bone-specific alkaline phosphatase, CTX C-terminal telopeptides of type I collagen, IADL Instrumental Activities of Daily Living Scale, OC
osteocalcin, PSM Physical Self-Maintenance Scale, PTH parathyroid hormone, TRAP 5b tartrate-resistant acid phosphatase 5b, 25(OH) D 25hydroxyvitamin D
*P < 0.05; **P < 0.0001 different from the lowest yogurt intake tertile
a

Adjusted for age, education, BMI, GFR, physical activity, total daily serving milk (glass only), total daily serving of cheese, and calcium or vitamin D
supplements (participants receiving medications that could affect bone metabolism were removed from the analysis)
b

Adjusted for age, BMI, total daily serving milk (glass only), and total daily serving of cheese (participants receiving vitamin D supplements were
removed from the 25(OH)D analysis)

0.76; P = 0.001) and a significantly reduced risk of osteoporosis (OR 0.41; 95% CI 0.26–0.64; P < 0.0001). For males,
those on vitamin D supplements also had a significantly reduced risk of osteoporosis (OR 0.40; 95% CI 0.22–0.72;
P = 0.003).

Discussion
In this study, we observed significant positive associations of
increased frequency of yogurt intakes with bone health and
measures of physical function in a cohort of older adults.

Females with the highest yogurt intakes had significantly
higher BMD and better physical function scores compared
to individuals with the lowest intakes. Furthermore, we show
for the first time that, after adjustment for covariate predictors,
each unit increase in yogurt intake significantly decreased the
odds of being characterized as osteopenic or osteoporotic in
women and as osteoporotic in men.
The significant positive associations of yogurt with BMD
within this large study are consistent with previous observations from the Framingham Offspring observational study
[17]. In 2733 adults (26–85 years), higher yogurt intake was
positively associated with trochanteric BMD over a 12-year
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Table 3 Comparison of bone mineral density (BMD), biomarkers of bone health, and mean frailty measures across frequencies of daily yogurt intake
in males in the TUDA cohort study
Tertile of daily yogurt intakes
Non-consumer

Variable

Low consumer

High consumer

Mean yogurt frequency (0.0 daily/<once Mean yogurt frequency (0.29 daily/2–3
per week/never)
times per week)

Mean yogurt frequency (1.00 daily/
>once per day)

n = 680

n = 333

n = 392

n

Mean

95% CI

n

Mean

95% CI

n

Mean

95% CI

339
339

1.041
0.925

1.026–1.056
0.911–0.939

239
239

1.057
0.945

1.039–1.075
0.928–0.962

185
185

1.058
0.947

1.038–1.079
0.928–0.966

Vertebral
271
Bone health biomarkers
306
CTXa (ng/ml)
a
305
OC (ng/ml)
305
BAPa (μg/l)
306
TRAP 5ba (μg/l)
443
25(OH)Db (nmol/l)
527
PTHa (pg/ml)
Physical function measuresb
Timed Up and Go (s) 627
IADL
636

1.207

1.183–1.231

180

1.258*

1.229–1.287

134

1.235

1.201–1.269

0.27
14.7
16.2
2.96
41.8
45.2

0.25–0.29
13.9–15.7
15.3–17.1
2.87–3.06
39.7–44.0
42.7–47.8

231
231
231
231
243
310

0.27
14.9
15.7
2.89
49.3**
43.7

0.25–0.29
13.9–15.8
14.6–16.7
2.78–3.00
46.3–52.2
40.4–47.0

169
169
168
169
205
258

0.27
15.0
16.2
2.69**
47.6*
47.9

0.25–0.29
13.8–16.2
15.0–17.5
2.56–2.82
44.4–50.8
44.3–51.5

13.3
24.6

12.6–13.9
24.3–24.9

361
372

12.0*
25.4*

11.1–12.8
25.0–25.8

302
309

12.7
24.7

11.8–13.6
24.4–25.2

23.2

23.1–23.4

374

23.4

23.2–23.5

315

23.2

23.0–23.4

BMD regiona (g/cm2)
Total hip
Femoral neck

PSM

647

Values are estimated marginal means (95% CI) adjusted for multiple covariates. Differences in means were assessed by pairwise comparisons and
adjusted for multiple comparisons: Bonferroni correction. Non-consumer frequency range (0–0.07 U/<once per week/never); low consumer frequency
range (>0.07–0.50 U/>once per week to 3–4 times per week); high consumer frequency range (>0.50–2.00 U/>3–4 times per week to twice per day). OC
reference range for males of 9.6–40.8 ng/ml and for postmenopausal women 12.8–55.0 ng/ml; CTX reference range is 0.020 ng/ml to 3.380 ng/ml; BAP
reference range for males of 5.7–32.9 μg/ml and for postmenopausal women 5.5–27.1 μg/ml; TRAP 5b reference range for males of 55–79 ng/ml and for
postmenopausal women 41–81 ng/ml; intact PTH measurement range of 1.2–5000 pg/ml and 25(OH)D detection range 7.5–624 nmol/l
BAP bone-specific alkaline phosphatase, CTX C-terminal telopeptides of type I collagen, IADL Instrumental Activities of Daily Living Scale, OC
osteocalcin, PSM Physical Self-Maintenance Scale, PTH parathyroid hormone, TRAP 5b tartrate-resistant acid phosphatase 5b, 25(OH) D 25hydroxyvitamin D
*P < 0.05; **P < 0.0001 different from the lowest yogurt intake tertile
a

Adjusted for age, education, BMI, GFR, physical activity, total daily serving milk (glass only), total daily serving of cheese, and calcium or vitamin D
supplements (participants receiving medications that could affect bone metabolism were removed from the analysis)
b

Adjusted for age, BMI, total daily serving milk (glass only), and total daily serving of cheese (participants receiving vitamin D supplements were
removed from the 25(OH)D analysis)

follow-up with a weak protective trend of yogurt (but not
other dairies) on the risk of hip fracture. In a cohort of
61,000 Swedish women (aged 39–74 years), fermented milk
products (yogurt) were associated with a significant decrease
in fracture incidence and mortality over a mean follow-up of
20 years. With each increase in fermented dairy intakes, hip
fractures were reduced by 10–15% [18]. Although the current
dataset did not have data on fracture incidence, the effect of
increased yogurt intake seen in this cohort has the potential to
reduce non-vertebral fractures by up to 46% in women, as
fracture risk reduction has been modeled as 46% decrease
for 3% hip BMD increase [26]. However, it is important to

note that the meta-analysis [26] was conducted in women all
diagnosed with osteoporosis whereas in the current study, only
60% of the women were osteoporotic and thus the potential
for yogurt to reduce fractures at the same rate should be
viewed with caution. The potential protective effects of yogurt
on bone health are also supported by the positive associations
of yogurt with the bone biomarker Trap 5b, the concentrations
of which were 9.5% lower in those with the highest yogurt
intake compared to the lowest, though only in men. Trap 5b is
a direct marker of osteoclast number and bone resorption (indicating positive bone balance), with better sensitivity than
CTX (a by-product of collagen breakdown) [27] and has been
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Table 4

Variable
Total
sample
P value

Yogurt consumption as a predictor of markers of bone health and physical function in the TUDA cohort study
Total hip BMDa
(g/cm2)
β

Femoral neck BMDa
(g/cm2)
β

Vertebral BMDa
(g/cm2)
β

TRAP 5ba
(μg/l)
Β

Timed Up and Gob IADLb
(s)
β
β

PSMb

0.015 (0.007)

0.023 (0.006)

0.026 (0.011)

−0.599 (0.252)

0.084 (0.054)

0.015

<0.0001

0.016

−0.118
(0.055)
0.032

Female
0.024 (−0.008)
only
P value
0.002
Male only 0.004 (−0.013)

0.031 (0.007)

0.034 (0.012)

<0.0001
0.009 (−0.012)

0.005
0.012 (−0.021)

P value

0.431

0.557

0.761

0.015
(−0.077)
0.847
−0.292
(0.080)
<0.0001

0.018
−0.641 (0.277)
0.021
−0.496 (−0.543)
0.361

0.220
(0.115)
0.056

β

0.121

0.272
0.157 (0.065)
(0.126)
0.031
0.016
0.06
−0.141
(−0.248)
(−0.096)
0.809

0.144

Values are unstandardized beta (β) coefficients (standard error) derived from a hierarchical multiple regression analysis
IADL Instrumental Activities of Daily Living Scale, PSM Physical Self-Maintenance Scale, TRAP 5b tartrate-resistant acid phosphatase 5b, 25(OH)D
25-hydroxyvitamin D
a

Adjustment for age, gender (total sample only), education, BMI, smoking status, alcohol consumption, vitamin D or calcium supplement use,
25(OH)D, GFR, physical activity, total daily serving milk (glass only), total daily serving of cheese, total daily serving of meat (red meat and poultry),
total daily serving of fish (white and oily), and total daily serving of eggs (participants receiving medications that could affect bone metabolism were
removed from the analysis)

b

Adjustment for age, gender (total sample only), BMI, total daily serving milk (glass only), total daily serving of cheese, total daily serving of meat (red
meat and poultry), total daily serving of fish (white and oily), and total daily serving of eggs

Table 5 The predictors of bone
health status of females within the
TUDA cohort study

Variable

Odds ratio [95% CI]
Osteopenia vs normal
(n = 411 vs 266)

P value

Odds ratio [95% CI]
Osteoporosis vs normal
(n = 360 vs 266)

P value

Age (years)
BMI (kg/m2)
25(OH)D (nmol/l)
Vitamin D supplement user

1.02 [0.99–1.06]
0.93 [0.89–0.96]
0.99 [0.99–1.00]
0.51 [0.34–0.76]

0.073
<0.0001
0.869
0.001

1.04 [1.00–1.08]
0.79 [0.76–0.83]
1.00 [0.99–1.01]
0.41 [0.26–0.64]

0.018
<0.0001
0.148
<0.0001

PTH (pg/ml)
Education (years)
Non-smokera
Non-alcohol userb
Physical activity: yesc
GFR (ml/min)
Daily yogurt serving

1.00 [0.99–1.01]
0.97 [0.91–1.03]
0.89 [0.50–1.58]
0.85 [0.60–1.20]
0.89 [0.56–1.43]
0.99 [0.98–1.00]
0.69 [0.49–0.96]

0.322
0.360
0.710
0.372
0.645
0.810
0.032

1.00 [0.99–1.01]
0.95 [0.88–1.02]
0.61 [0.34–1.12]
1.06 [0.72–1.57]
0.61 [0.35–1.56]
1.00 [0.99–1.01]
0.61 [0.42–0.89]

0.068
0.181
0.116
0.740
0.078
0.601
0.012

Daily milk serving
Daily cheese serving
Daily meat serving
Daily fish serving
Daily egg serving

0.77 [0.53–1.11]
1.05 [0.65–1.69]
0.91 [0.58–1.41]
0.94 [0.39–2.26]
1.24 [0.63–2.46]

0.167
0.831
0.676
0.892
0.528

0.75 [0.49–1.13]
1.18 [0.70–2.00]
1.16 [0.70–1.92]
0.48 [0.17–1.35]
1.66 [0.76–3.61]

0.175
0.516
0.546
0.168
0.201

Values are odds ratios (95% CI lower and upper) derived from a multinomial logistic regression analysis. Overall
reference category is normal bone health based on the WHO definition of osteopenia and osteoporosis [23] using
the combination of total hip, femoral neck, or vertebral BMD where available. Participants receiving medications
that could affect bone metabolism were removed from the analysis
a

Reference is smoker

b

Reference is user

c

Reference is physical activity: no in the last 2 weeks
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Table 6 The predictors of bone
health status of males within the
TUDA cohort study

Variable

Odds ratio [95% CI]
Osteopenia vs normal
(n = 332 vs 315)

P value

Odds ratio [95% CI]
Osteoporosis vs normal
(n = 104 vs 315)

P value

Age (years)

0.98 [0.95–1.01]
0.96 [0.91–1.01]

0.318
0.128

1.01 [0.96–1.06]
0.80 [0.73–0.87]

0.643
<0.0001

1.00 [0.99–1.00]
0.79 [0.52–1.21]

0.703
0.286

0.99 [0.98–1.00]
0.40 [0.22–0.72]

0.213
0.003

Non-smokerb
Non-alcohol usera
Physical activity: yesc
GFR (ml/min)
Daily yogurt serving

1.00 [0.99–1.01]
0.95 [0.91–1.00]
0.58 [0.32–1.07]
0.77 [0.53–1.11]
0.59 [0.37–0.92]

0.238
0.106
0.085
0.170
0.022

1.01 [1.00–1.01]
0.96 [0.88–1.04]
0.39 [0.18–0.85]
0.94 [0.54–1.64]
1.09 [0.51–2.35]

0.026
0.389
0.019
0.846
0.812

0.98 [0.97–0.99]
0.88 [0.59–1.30]

0.016
0.537

0.98 [0.97–1.00]
0.48 [0.24–0.96]

0.128
0.038

Daily milk serving
Daily cheese serving

0.84 [0.58–1.19]
1.79 [1.11–2.88]

0.338
0.016

1.58 [0.99–2.52]
2.36 [1.16–4.82]

0.055
0.018

Daily meat serving
Daily fish serving

0.64 [0.42–0.99]
0.74 [0.30–1.81]

0.045
0.522

1.10 [0.58–2.07]
0.69 [0.17–2.85]

0.756
0.617

Daily egg serving

1.27 [0.69–2.32]

0.439

1.16 [0.47–2.86]

0.740

BMI (kg/ma)
25(OH)D (nmol/l)
Vitamin D supplement user
PTH (pg/ml)
Education (years)

Values are odds ratios (95% CI lower and upper) derived from a multinomial logistic regression analysis. Overall
reference category is normal bone health based on the WHO definition of osteopenia and osteoporosis [23] using
the combination of total hip, femoral neck, or vertebral BMD where available. Participants receiving medications
that could affect bone metabolism were removed from the analysis
a

Reference is user

b

Reference is smoker

c

Reference is physical activity: no in the last 2 weeks

described as one of the most sensitive markers to monitor the
response of diet intervention on bone resorption [28].
Significantly fewer men than women were high yogurt consumers, and it is possible that this marker was detecting subtle
bone turnover changes in men only as not enough yogurt was
being consumed to affect BMD but enough to affect bone
turnover, though this hypothesis needs to be tested. If the
results from the current study are confirmed, there is the potential that increased yogurt intakes may add an inexpensive
and relatively low-risk strategy to improve bone health in
conjunction with bone treatment. However, future research
and randomized controlled trials are needed to explore this
approach.
Notably, this study also observed that greater consumption
of yogurt was associated with a significantly lower TUG score
(6.7% difference lowest vs highest yogurt intakes) in women
only. TUG has been described as a composite measure of
functional mobility with worse scores associated with poorer
muscle strength and balance, both of which are risk factors for
falling in older adults [29]. Our results are in agreement with
Lana et al. who observed that higher consumption of yogurt
(and milk) was associated with a lower risk of frailty and a
lower risk of a slow walking speed in 1871 community dwelling older adults [30]. Furthermore, in a cross-sectional study

of elderly Australian women (no. 1456), higher dairy intake
was associated with increased grip strength and decreased
likelihood of a lower TUG score [31].
A number of potential mechanisms may explain the observed positive associations. Yogurt naturally contains significant concentrations of bone promoting minerals and vitamins
[10–14] which have also been associated with improved frailty measures [32, 33]. In data from the Framingham Heart
Study offspring cohort, yogurt consumers were 47 and 55%
less likely to have inadequate intakes of vitamins B2 and B12,
respectively [34], while in 2797 Italian adults (aged 18–
97 years), yogurt consumers were more likely to have adequate intakes of vitamins and minerals compared to nonconsumers [35]. Yogurt also contains significant quantities
of protein, bioactive peptides, and biocultures which have
been associated with bone health and immunological benefits
[36–42]. For example, yogurt (and other dairy products) contains branched chain amino acids (BCAAs) which are potent
stimulators of muscle protein synthesis [43, 44]. Furthermore,
in a recent review, it was suggested that the modifiable nature
of the gut microbiome could provide a potential therapeutic
target to intervene in musculoskeletal conditions of aging
[45]. It is perhaps this unique combination of macro- and
micronutrients with bioactive compounds within yogurt that
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confers bone promotion and improved physical function. It is
also possible that increased yogurt intakes could also be a
reflection of a long-term dietary habit of an overall healthy
eating pattern and lifestyle [35], though diet quality (including
vitamin D and calcium) was adjusted for in the current analysis. Yogurt has been the target of some criticism, especially
with the renewed concerns regarding excess sugar intakes and
associations with obesity [46] given that some processed
Bsweetened^ yogurts can contain substantial quantities of sugar [47]. Yet not all yogurts have a high sugar content [48], and
further exploration is required to identify the types of yogurts
and the individual components within that may exhibit health
benefits.
We also examined the associations of the other dairy
products (milk and cheese) with BMD and functionality.
We observed no significant difference in BMD across milk
intakes, in line with inconsistent data from previous observational studies. For example, some studies have observed
strong associations between childhood and adolescent milk
consumption with BMD [49]. For older adults (>60 years),
studies have observed no associations or a negative association of milk intakes with fracture risk [49]. The majority of
positive randomized trials with milk which have observed
significant decreases in the concentrations of bone biomarkers and improvements in bone metabolism have all utilized fortified milk [50]. The milk intakes in the current
study were not heavily fortified at this time period (2008–
2012) and could account for the lack of any such association. Furthermore, we have previously reported that in this
population, with increasing age, milk intakes increased while
yogurt intakes significantly decreased [21]. This could help
explain why some of the physical function measures became
poorer with increased milk intakes. As milk intakes increased, we suggest that there was a loss of a particular
protective component within the yogurt that enhanced bone
health/improved physical function, though this hypothesis
requires verification. Interestingly, we observed no significant associations of cheese intakes with BMD though male
participants with osteoporosis were more likely to have a
higher frequency of cheese consumption. Cheese products
generally have a different nutritional profile in comparison
with yogurts and we previously observed in TUDA that
cheese intakes had no significant effect on the concentrations of vitamin D, folate, and vitamins B12, B6, or B2
[21]. Furthermore, it has been suggested that the high sodium content of certain cheeses could be less beneficial for
bone health by negatively altering calcium metabolism,
though few studies have examined this issue [51] and the
sodium-induced calciuria hypothesis has not been supported
by any long-term observations. Moreover, fortified cheese
products have been positively associated with bone metabolism [52]. Further research is needed to identify the relationship between cheese intakes and BMD in men.

Our study has several limitations. The data are observational and cross-sectional, and such observed associations between yogurt intakes and bone health do not necessarily indicate a causal relationship. However, one of the major strengths
of this study was the size, as to the best of our knowledge, it is
the largest observational study conducted to date investigating
such associations. Potential weaknesses of this study also include our reliance on self-reported intakes, and we were unable to quantify the dairy or yogurt intakes through food dairies or other more quantitative dietary collection (and thus did
not have information on serving sizes or product types).
However, although we could not adjust for total energy intake,
we did adjust for frequency of intake of other important dietary components including meat, fish, egg, and other dairy
constituents which can give a proxy measure of diet quality.
Furthermore, those with severe cognitive impairment or frailty
were removed from the analysis to increase recall accuracy.
In conclusion, to our knowledge, this is the largest study to
demonstrate an association between the frequency of yogurt
intakes, BMD, bone biomarkers, and measures of physical
function exclusively within free-living, older adults
(>60 years). The findings provide evidence that lower frequency of yogurt intake is significantly associated with a lower BMD and that improving yogurt intakes could be a valuable
and cost-effective health measure for maintaining bone health
and in reducing frailty in older adults. Future RCT trials are
required to assess and investigate the efficacy of such
approaches.
Acknowledgements The TUDA study was funded by the Irish
Department of Agriculture, Food, and the Marine through the grants
07FHRIUCD1 (BJINGO^ 2007–2013) and 13F407 (BJINGO–JPI^/
BENPADASI^ 2014–2016) and from the Northern Ireland Department
for Employment and Learning under its BStrengthening the all-Ireland
Research Base^ initiative. Funding for this study was also provided from
The National Dairy Council Ireland. The funding organizations had no
role in the design and conduct, collection, management, analysis, and
interpretation of the data or in the preparation, review, or approval of this
manuscript. The authors also acknowledge Drs Martin Healy, Adrian
McCann, and Liadhan McAnena for bone biochemical analysis.
Compliance with ethical standards Ethical approval was granted by
the relevant authorities in each jurisdiction: the Research Ethics
Committee of St. James’s Hospital and The Adelaide and Meath
Hospital, Dublin, and the Office for Research Ethics Committees
Northern Ireland (ORECNI; reference 08/NI/RO3113) with corresponding approvals from the Northern and Western Health and Social Care
Trusts, Northern Ireland.
Conflict of interest None.

References
1.

Cooper C (1999) Epidemiology of osteoporosis. Osteoporos Int
9(8):2–8

Osteoporos Int
2.

3.
4.
5.

6.
7.

8.

9.
10.
11.

12.
13.

14.

15.
16.

17.

18.

19.
20.

21.

22.
23.

24.

Ström O, Borgström F, Kanis AJ, Compston J, Cooper C,
McCloskey EV, Jönsson B (2011) Osteoporosis: burden, healthcare
provision and opportunities in the EU. Arch Osteoporos 6(1):59–
155
Curtis JR, Blume SW (2011) Medical costs of osteoporosis in the
elderly Medicare population. Osteoporos Int 22(6):1835–1844
Holroyd C, Cooper C, Dennison E (2008) Epidemiology of osteoporosis. Best Pract Res Clin Endoc Meta 22(5):671–685
Hernlund E, Svedbom A, Ivergård M, Compston J, Cooper C,
Stenmark J, McCloskey EV, Jönsson B, Kanis JA (2013)
Osteoporosis in the European Union: medical management, epidemiology and economic burden. Arch Osteoporos 8(1–2):1–15
Becker DJ, Kilgore ML, Morrisey MA (2010) The societal burden
of osteoporosis. Curr Rheumatol Rep 2(3):186–191
Mitchell BD, Yerges-Armstrong LM (2011) The genetics of bone
loss: challenges and prospects. J Clin Endocrinol Metab 96(5):
1258–1268
Greco EA, Fornari R, Rossi F et al (2010) Is obesity protective for
osteoporosis? Evaluation of bone mineral density in individuals
with high body mass index. Int J Clin Pract 64(6):817–820
Rizzoli R (2008) Nutrition: its role in bone health. Best Pract Res
Clin Endocrinol Metab 22(5):813–829
Prentice AM (2014) Dairy products in global public health. Am J
Clin Nutr 99(5):1212–1216
Rice BH, Quann EE, Miller GD (2013) Meeting and exceeding
dairy recommendations: effects of dairy consumption on nutrient
intakes and risk of chronic disease. Nutr Rev 71(4):209–223
Heaney RP (2013) Dairy intake, dietary adequacy and lactose intolerance. Adv Nutr 4(2):151–156
Clarke M, Ward M, Strain JJ, Hoey L, Dickey W, McNulty H
(2014) B-vitamins and bone in health and disease: the current evidence. Proc Nutr Soc 73(2):330–339
Rizzoli R, Abraham C, Brandi ML (2014) Nutrition and bone
health: turning knowledge and beliefs into healthy behaviour.
Curr Med Res Opin 30(1):131–141
Heaney RP (2009) Dairy and bone health. J Am Coll Nutr 28(Sup
1):82–90
Dietary guidelines for Americans (2005) Dietary guidelines advisory committee report. 6. U.S. Department of Health and Human
Services and U.S. Department of Agriculture, U.S. Government;
Washington
Sahni S, Tucker KL, Kiel DP, Quach L, Casey VA, Hannan MT
(2013) Milk and yogurt consumption are linked with higher bone
mineral density but not with hip fracture: the Framingham
Offspring Study. Arch Osteoporos 8(1–2):1–9
Laird E, McNulty H, Ward M et al (2014) Vitamin D deficiency is
associated with inflammation in older Irish adults. J Clin
Endocrinol Metab 99(5):1807–1815
McCarroll K, Beirne A, Casey M et al (2015) Determinants of 25hydroxyvitamin D in older Irish adults. Age Ageing 44(5):847–853
Molloy AM, Pangilinan F, Mills JL et al (2016) A common polymorphism in HIBCH influences methylmalonic acid concentrations
in blood independently of cobalamin. Am J Hum Genet 98(5):869–
882
Laird E, Casey MC, Ward M et al (2016) Dairy intakes in older Irish
adults and effects on vitamin micronutrient status: Data from the
TUDA study. J Nutr Health Aging. In Press
Irish Universities Nutrition Alliance (2013) The Irish food portion
sizes database (1st edition) 2013
World Health Organization (1992) Assessment of fracture risk and
its application to screening for postmenopausal osteoporosis: report
of a WHO study group (meeting held in Rome from 22 to 25
June 1992)
Bischoff HA, Stähelin HB, Monsch AU et al (2003) Identifying a
cut-off point for normal mobility: a comparison of the timed ‘up and

go’ test in community-dwelling and institutionalised elderly women. Age Ageing 32(3):315–320
25. Lawton MP, Brody EM (1969) Assessment of older people: selfmaintaining and instrumental activities of daily living.
Gerontologist 9(3):179–186
26. Hochberg MC, Greenspan S, Wasnich RD, Miller P, Thompson
DE, Ross PD (2002) Changes in bone density and turnover explain
the reductions in incidence of non-vertebral fractures that occur
during treatment with anti-resorptive agents. J Clin Endocrinol
Metab 87(4):1586–1592
27. Henriksen K, Tanko LB, Qvist P, Delmas PD, Christiansen C,
Karsdal MA (2007) Assessment of osteoclast number and function:
application in the development of new and improved treatment
modalities for bone diseases. Osteoporos Int 18(5):681–685
28. Bonjour JP, Benoit V, Payen F, Kraenzlin M (2013) Consumption
of yogurts fortified in vitamin D and calcium reduces serum parathyroid hormone and markers of bone resorption: a double-blind
randomized controlled trial in institutionalized elderly women. J
Clin Endocrinol Metab 98(7):2915–2921
29. Schoene D, Wu SM, Mikolaizak AS, Menant JC, Smith ST,
Delbaere K, Lord SR (2013) Discriminative ability and predictive
validity of the timed up and go test in identifying older people who
fall: systematic review and meta-analysis. J Am Geriatr Soc 61(2):
202–208
30. Lana A, Rodriguez-Artalejo F, Lopez-Garcia E (2015) Dairy consumption and risk of frailty in older adults: a prospective cohort
study. J Am Geriatr Soc 63(9):1852–1860
31. Radavelli-Bagatini S, Zhu K, Lewis JR, Dhaliwal SS, Prince RL
(2013) Association of dairy intake with body composition and
physical function in older community-dwelling women. J Acad
Nutr Diet 113(12):1669–1674
32. Matteini AM, Walston JD, Fallin MD et al (2008) Markers of Bvitamin deficiency and frailty in older women. J Nutr Health Aging
12(5):303–308
33. Shardell M, Hicks GE, Miller RR, Kritchevsky S, Andersen D,
Bandinelli S, Cherubini A, Ferrucci L (2009) Association of low
vitamin D levels with the frailty syndrome in men and women. J
Gerontol A Biol Sci Med Sci 64(1):69–75
34. Wang H, Livingston KA, Fox CS, Meigs JB, Jacques PF (2013)
Yogurt consumption is associated with better diet quality and metabolic profile in American men and women. Nutr Res 33(1):18–26
35. Mistura L, D’Addezio L, Sette S, Piccinelli R, Turrini A (2016) Diet
quality of Italian yogurt consumers: an application of the probability of adequate nutrient intake score (PANDiet). Int J Food Sci Nutr
67(3):232–238
36. Parvaneh K, Jamaluddin R, Karimi G, Erfani R (2014) Effect of
probiotics supplementation on bone mineral content and bone mass
density. ScientificWorldJournal 22:595962
37. Parvaneh K, Ebrahimi M, Sabran MR, Karimi G, Hwei AN, AbdulMajeed S, Ahmad Z, Ibrahim Z, Jamaluddin R (2015) Probiotics
(Bifidobacterium longum) increase bone mass density and upregulate Sparc and Bmp-2 genes in rats with bone loss resulting from
ovariectomy. Biomed Res Int. doi:10.1155/2015/897639
38. Korhonen H, Pihlanto A (2006) Bioactive peptides: production and
functionality. Int Dairy J 16(9):945–960
39. Rizzoli R, Bonjour JP (2004) Dietary protein and bone health. J
Bone Miner Res 19(4):527–531
40. Darling AL, Millward DJ, Torgerson DJ, Hewitt CE, Lanham-New
SA (2009) Dietary protein and bone health: a systematic review and
meta-analysis. Am J Clin Nutr 90(6):1674–1692
41. Narva M, Collin M, Lamberg-Allardt C, Kärkkäinen M, Poussa T,
Vapaatalo H, Korpela R (2004) Effects of long-term intervention
with Lactobacillus helveticus-fermented milk on bone mineral density and bone mineral content in growing rats. Ann Nutr Metab
48(4):228–234

Osteoporos Int
42.

Tu MY, Chen HL, Tung YT, Kao CC, Hu FC, Chen CM (2015)
Short-term effects of kefir-fermented milk consumption on bone
mineral density and bone metabolism in a randomized clinical trial
of osteoporotic patients. PLoS One 10(12):e0144231
43. Gilbert JA, Bendsen NT, Tremblay A, Astrup A (2011) Effect of
proteins from different sources on body composition. Nutr Metab
Cardiovasc Dis 21:B16–B31
44. Moreno LA, Bel-Serrat S, Santaliestra-Pasías A, Bueno G (2015)
Dairy products, yogurt consumption, and cardiometabolic risk in
children and adolescents. Nutr Rev 73(suppl 1):8–14
45. Steves CJ, Bird S, Williams FM, Spector TD (2016) The
microbiome and musculoskeletal conditions of aging: a review of
evidence for impact and potential therapeutics. J Bone Miner Res 1
31(2):261–269
46. Stanhope KL (2016) Sugar consumption, metabolic disease and
obesity: the state of the controversy. Crit Rev Clin Lab Sci 53(1):
52–67
47. United States Department of Agriculture (USDA) (2016) National
Nutrient Database for Standard Reference Release 8. Yogurt, fruit,
low fat, 9 grams protein per 8 ounce, Basic Report 01120. Accessed
4th July 2016

48.

United States Department of Agriculture (USDA) (2016) National
Nutrient Database for Standard Reference Release 8. Yogurt,
Greek, plain, low fat, Basic Report 01287. Accessed 4th July 2016
49. Rizzoli R (2014) Dairy products, yogurts, and bone health. Am J
Clin Nutr 99(5):1256S–1262S
50. Rozenberg S, Body JJ, Bruyère O et al (2016) Effects of dairy
products consumption on health: benefits and beliefs—a commentary from the Belgian Bone Club and the European Society for
Clinical and Economic Aspects of Osteoporosis, Osteoarthritis
and Musculoskeletal Diseases. Calcif Tissue Int 98(1):1–7
51. Teucher B, Dainty JR, Spinks CA et al (2008) Sodium and bone
health: impact of moderately high and low salt intakes on calcium
metabolism in postmenopausal women. J Bone Miner Res 23(9):
1477–1485
52. Bonjour JP, Benoit V, Rousseau B, Souberbielle JC (2012)
Consumption of vitamin D-and calcium-fortified soft white cheese
lowers the biochemical marker of bone resorption TRAP 5b in
postmenopausal women at moderate risk of osteoporosis fracture.
J Nutr 142(4):698–703

