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ABSTRACT

Older men and women are recommended to take at least 1000-1200 mg/day of calcium for bone health and prevention
of fractures. Older adults have been encouraged to improve bone health by increasing their calcium intake through food
rather than by taking supplements. The Objectives of the Study: To assess the effect of calcium-fortified dairy products
on bone mineralization and functionality in adults aged 65 to 80 years. Full text, English only, publications was searched
on PubMed and Google Scholar, published within 2011 to 2021. Three search terms were utilized on PubMed, the search
resulted in five, five, and four studies. Out of these studies, two, one, and one study respectively, met pre-determined
eligibility criteria for inclusion, which summed to four studies. On Google Scholar, the search resulted in 18,600 studies.
Out of 60 studies, three studies met the pre-determined eligibility criteria. The total relevant publication summed up to
seven studies.

Two studies examined the effect of increasing the RDA of calcium. Four studies examined the effect of dairy
consumption on bone health. One study investigated how fermented milk product (FMP) consumption influences bone
health in postmenopausal women.

Two studies shown that there was little/no evidence that increasing the RDA through dietary sources or

supplements prevents fractures. Four studies shown that there was a benefit on bone mineral density with fortified dairy

foods. One study suggested increase intake of yogurt reduces the risk of hip fracture in postmenopausal women.
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risk.

Regularly consuming diets consisting of milk/dairy products can improve bone mineral density and decrease fracture

Keywords: Dairy, Calcium, Fortified, Bone, Functionality, Older Adults.
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INTRODUCTION

The recommendation for older men and women is at
least 1000-1200 mg/day of calcium for bone health and
prevention of fractures [1]. In Western countries, the
average intake in the diet is 700-900 mg/day, which is
lower in Asian and African countries, meaning that most

older people would need to take calcium supplements to

meet these recommendations. Increasing calcium intake
through food rather than by taking supplements can
improve bone health in older adults [2], because
concerns have emerged about the risk-benefit profile of
calcium supplements. To prevent osteoporosis, dairy
consumption has been recommended by the U.S. Dietary

Guidelines for Americans to meet the calcium
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requirements. The consumption of three to four dairy
servings per day meets the Recommended Daily Intake
(RDI) of calcium [3]. A single serving of dairy provides 250
mg of calcium, while a single serving from other food
sources requires about 10-12 servings of refined-grain or
whole-grain foods, and about five to six servings of
vegetables [4], implying that dairy food sources are an
excellent source of nutrients that are beneficial to bone
health.

Age-related bone loss occurs in both women and
men; however, it is accelerated at menopause [5], which
makes fracture rates more prevalent in elderly women
than in elderly men. According to surveys from North
America, more than 80% of women, who are over 50
years, have a dietary calcium lower than the present RDA,
which is 1200 mg/day [6-8]. The National Osteoporosis
Foundation recommends that men who are within the
age range of 50 to 70 years should consume 1000 mg
calcium daily and those above 70 years consume 1200
mg, while women over 51 years of age consume 1200 mg
calcium/day [9]. Osteoporosis-related fractures and low
bone mineral density (BMD) poses a public health
burden.

Calcium plays an important role in preventing
osteoporosis by acting as an influence to reduce bone
loss. This is done by increasing bone mineral density
(BMD). Optimizing calcium intake through adequate
intake of milk and dairy products can contribute to
reducing the burden associated with osteoporosis.
Despite dairy products providing more bone-beneficial
nutrients such as phosphorus, calcium, zinc, magnesium,
protein, and vitamin D than other food sources [10-11],
its role in long-term bone health and prevention of

fractures has recently been questioned. Some studies
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suggest that consuming dairy products is associated with
higher risk of fractures [12-13]. The effect of dairy

product intake on fracture risk remains unclear.

Purpose of the study: The purpose of this study is to
assess the effect of calcium-fortified dairy products on
bone mineralization and functionality in adults aged 65
to 80 years.

REVIEW OF THE LITERATURE

Effect of Dietary Calcium Intake vs Calcium Supplement
on Bone Fractures: Bolland, et al,, [14] “reviewed the
evidence supporting the recommendation to increase
dietary calcium intake to prevent fractures and compared
the anti-fracture efficacy of increasing calcium intake
through dietary sources with the anti-fracture efficacy of
calcium supplements in older adults (>50)”. Two trials
with dietary sources of calcium as milk powder with a
sample size of 200 (vitamin D dose 240 1U/day, calcium
dose 800 mg/day) [15], and hydroxyapatite with a sample
size of 62 (calcium dose 800 mg/day) [16]. For the
randomized controlled trial of milk powder, there was
one fracture in the milk group and three in the controls
(relative risk 0.33, 95% confidence interval (Cl) 0.04 to
3.2; P=0.34). Fractures were reported for the participants
receiving hydroxyapatite or calcium supplements. 22
publications were identified that reported associations
between dairy intake (n=8), milk (n=14), and fracture
outcomes. Most studies reported no association with
fracture risk, with 89% showing neutral associations for
milk intake and fracture risk, and 85% for dairy intake. A
decline in the risk of total fracture was observed at
calcium supplement level of less than 800 and 1000
mg/day, (relative risk 0.89, 95% confidence interval 0.81

to 0.96; P=0.004); and vertebral fracture (relative risk
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0.86, Cl 0.74 to 1.00; P=0.04), but not forearm fracture
(relative risk 0.96, Cl 0.85 to 1.09; P=0.54) or hip fracture
(relative risk 0.95, Cl 0.76 to 1.18; P=0.63). In summary,
the results show the risk of fracture is not associated
with dietary calcium intake, and there is no evidence
currently that shows increasing dietary calcium intake
prevents fractures. Calcium supplements had unsteady
benefits on fracture reduction and the risk associated
with its intake outweighs the benefits. As such,
recommendations to increase calcium intake for fracture
prevention, either with calcium supplements or through
dietary sources, should not be considered.

Tai, et al.,, [17] “investigated studies on dietary
sources of calcium or calcium supplements in older adults
(aged >50) with bone mineral density (BMD) as an
endpoint, to determine whether increasing intake from
dietary sources has effects on BMD compared with
calcium supplements”. Dual energy x ray absorptiometry
(DXA) or precursor technology such as photon
absorptiometry was used to measure BMD. Results from
clinical trials with interventions from dietary sources of
calcium such as liquid milk, milk powder, dairy products,
and hydroxyapatite preparations (e.g., calcium
supplements, co-administered Ca/vit. D, calcium
monotherapy) in women over the age of 70 living in the
community were analyzed. The mean baseline dietary
calcium ingested was less than 800 mg/day; and a
calcium dose of more than 500 mg/day; however, most
trials used a dose of more than 1000 mg/day for calcium
supplements. Increasing calcium intake from dietary
sources increased bone mineral density by 0.6-1.0% at
the total body and total hip at one year, and by 0.7-1.8%
at femoral neck, total body, total hip, and lumbar spine

at two years, with no effect at the forearm. Similar results
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were observed with intake of calcium supplements i.e.,
BMD increased by 0.7-1.8%, however, after one year
there were no subsequent increases observed. The same
results were observed in the calcium monotherapy and
Ca/vit. D intervention groups. Calcium doses of less than
1000 mg/day and more than 1000 mg/day had no effect
on the levels of BMD; the same with doses of less than
500 mg/day and more than 500 mg/day and dietary
calcium intake of less than 800 mg/day and more than
800 mg/day. The findings of the results shown that
increasing calcium consumption from dietary sources can
increase bone mineral density, like the increase observed
in calcium intakes from calcium supplements. Thus,
increasing calcium intake is unlikely to be beneficial as
the effect of fracture may not be significant.

In Rizzoli, [18], combining education, nutrition, and
consumption of fortified dairy products for 12 months
had more beneficial changes in bone metabolism, such as
increased IGF-I, than did calcium supplementation alone
in postmenopausal women. The dairy intervention group
had significant improvements in the total body, total
spine, and pelvis bone mineral density than those on
calcium supplements and control. Hip bone mineral
density had an improvement, but not the spine BMD in

intake of dairy food [19-20].

Effect of Dietary Intake on Bone Health: Fabiani, et al.,
[21] “provided an estimate of the association between
different dietary patterns defined using a posteriori
methods and fracture or low BMD risk”. The identified
dietary pattern included “milk/dairy”, “meat/western”,
and “healthy”. The results of the “milk/dairy” pattern

were considered relevant for this review. “Milk/dairy”

dietary pattern was categorized by a high content of milk
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and dairy products, identified as “dairy-fish”, “fruit-milk-
whole grains”, “milk-cereal-whole grain”, “dairy-fruit”,
“calcium food”, “dairy”, and “milk-cereal” [22-28]. The
measurement of BMD and the speed of sound as
evaluated by DXA and an ultrasound bone densitometer
respectively. The dietary habits and food groups were
established using a food frequency questionnaire (FFQ),
a twenty-four-hour dietary recall, and a three-day and
six-day food record. Regardless of age, the “milk/dairy”
group reduced the risk of low mineral density in Eastern
countries (P < 0.0001). There is an association between
the “milk/dairy” patterns and decreased risk of low BMD,
which is beneficial to bone health. A greater benefit was
observed in the intake of low-fat dairy products. A dietary
pattern comprising of milk and/or dairy food groups can
decrease fracture risk and improve bone mineral density

[29].

Effect of Dairy Products on Bone Health: Wallace, et al.,
[30], “investigated the role of dairy products and bone
health across the lifespan, with a primary focus on
fractures, BMD, and bone mineral content (BMC) in older
adults (=50 years)”.

Chee, et al., [31], found that taking two glasses of
skimmed milk daily, which contained 1200 mg and 10 ug
of calcium and vitamin D respectively, had a greater
effect in reducing BMD loss compared to the control at
the lumbar spine, total body, total hip. and femoral neck,
after two years in Malaysian postmenopausal women
aged 55 to 65 years. The study by Chen, et al., [32]
observed that intake of milk powder consisting of 450 mg
calcium and 400 IU vitamin D had more beneficial effect

after two years compared to the control at the lumbar
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spine, but not hip, in Chinese postmenopausal women
aged 50 to 65 years. Lau, et al., [15] established that
complementing regular diet with high calcium content
milk powder for over two years prevented loss of lumbar
spine, total hip, total body, and femoral neck bone
mineral density, but not intertrochanter bone mineral
density in Chinese postmenopausal women aged 55—
59 years. Lau, et al., [33] conducted a follow-up study and
discovered that complementing the diet with high
calcium content milk powder for over three years had a
beneficial effective in preventing bone loss in
postmenopausal Chinese females aged 55 to 59 years.
Manios, et al., [19] found that intake of calcium and
vitamin D fortified dairy products had reduced loss of
bone mineral density compared to the control total spine
and pelvis, but not total body, lumbar spine, legs, and
arms, in postmenopausal white women aged 55 to 65
years. Prince, et al., [34] found that increasing the intake
of dietary calcium through milk powder together with
physical exercise had reduced loss of bone mineral
density compared to the placebo at the ultra-distal ankle,
intertrochanter, and trochanter, but not the femoral
neck in postmenopausal white women aged 50 to 70
years old. There was no association between dairy intake
on fractures in white women over 50-years of age after a
ten-year period [35]. Similarly, another study [36] shown
no association with the consumption of dairy products
and the occurrence of hip fracture in elderly Europeans
after an eight-year period. In Biver, et al., [37], milk
consumption was related to a smaller decrease of areal
bone mineral density, and failure load at the radius. The

study by Cumming, et al., [38] shown milk consumption


about:blank

Dietary Supplements and Nutraceuticals 2023; 2(1): 1-11

was related to a lower risk of fracture of the ankle, but
not any nonvertebral, vertebral, wrist, proximal
humerus, and hip fractures. Feart, et al., [39] observed
that reduced consumption of dairy foods such as cheese,
yogurt, and milk was associated with significantly
increasing the risk of wrist fracture, but there was no
effect on the hip or vertebral fractures over eight-years
in older adults over the age of 67 years. Zhu, et al., [40]
found consuming more than one serving of milk per day
can contribute to reduce the severity of fractures in Asian
postmenopausal women over 70 years of age. There was
a significant beneficial influence of consuming milk on
bone mineral content and bone mineral density. The
results of the study shown that dairy consumption with
adequate calcium content can improve the outcome of
physical activity on strength and bone density. A daily
healthy habitual dietary pattern of low or nonfat dairy
products may be associated with improved bone mineral
density of the total body.

Cuesta-Triana, et al., [41] “investigated the effect of
milk and other dairy products on frailty and the risk of
frailty in the elderly”. For this study, a serving of milk,
yogurt, and cheese was 250 mL, 125 mL, and 40 g
respectively. A lower risk of frailty was found in
individuals that consumed more than seven servings of
yogurt or low-fat milk per week (Relative risk: 0.52; 95%
Cl: 0.29, 0.90; P = 0.03) compared to those that
consumed less than one serving per week. After
adjustment for confounding factors, intake of whole-milk
dairy or cheese did not affect frailty status. Intake of
more than seven servings of low-fat milk and yogurt per

week lowered the risk of frailty. There is a beneficial
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effect associated with the high intake of dairy products,
especially low-fat milk and yogurt on frailty.

Examining a 12-year follow-up of the Framingham
Offspring study, Rizzoli, [18] “investigated the
associations between the consumption of dairy products
and the risk of hip fracture”. Studies shown a significant
association between dairy food intake, bone mineral
density, bone mineral content, and bone turnover
markers [42-45]. There is a significant beneficial effect in
consuming dairy food on BMD, BMC, and bone turnover

markers.

Effect of Fermented Dairy Products on Bone Health:
Consumption of kefir fermented milk had no significance
in spine bone mineral density, femoral neck, and total hip
in patients with a mean age of 63 years diagnosed of
having osteoporosis in Taiwan, over a six-month duration
[46]. Consumption of fermented dairy products reduced
cortical bone loss at nonbearing bone sites in
postmenopausal women with a mean age of 65-years
over a three-year follow-up period [37]. Fermented dairy
product intake was also associated with reduced loss of
cortical BMD, area of radius total thickness, and BMD.

Ong, et al, [47] “investigated the association of
fermented milk product (FMP) consumption on skeletal
outcomes and bone health indicators in postmenopausal
women”. The health outcomes analysis included the total
hip, or the femoral neck, percentage change from
baseline in bone mineral density, of the lumbar spine,
bone mineral density T-score of the lumbar spine, total
body percentage change in bone mineral content, and
bone turnover markers. Studies shown a reduced risk of

hip fracture was associated with an increased level of
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yogurt intake than lower intake of yogurt. 16% of the
study population i.e., women within the age range of 72
to 82 years had a sustained incident of fracture on the hip
during a follow-up period of over 11 years. A food
frequency questionnaire was utilized to assess baseline
intake. An intake of no serving and one serving (240 ml)
of yogurt was not significant on hip fracture risk [48]. In
the Nurses’ Health Study involving 80,600
postmenopausal women within the age range of 34 to 60
years were followed for a period of over twenty years; a
food frequency questionnaire was utilized during the
follow-up period. There was no significant relation
between yogurt intake and the risk of a hip fracture in
postmenopausal women [49]. Michaélsson et al., [13]
found a 29% reduced risk of hip fracture in Swedish
women within the age of 58 to 68 years who had an
increased intake of fermented milk products (FMP) i.e.,
more than two servings per day of yogurt and soured
milk, with one serving equaling 200 ml than those who
consumed less than a serving. Cheese consumption was
not associated with the risk of a hip fracture in women of
postmenopausal age. There was no association of hip
fracture in women with less than four portions per week
of cheese intake compared with women with more than
six portions per week of cheese intake in a study of 241
cases of women within the age group of 45 to 74 years
hospitalized for a hip fracture [50]. The quantity of
cheese per portion was not specified. There was no
association between cheese intake of more than one
serving per week and hip fracture risk in the Framingham
Original Cohort study [48]. In the Nurses’ Health Study,

consumption of one serving per day of 28 g of cream
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cheese or hard cheese, or 120 ml of ricotta or cottage
cheese, was not associated with hip fracture risk as
compared with less than one serving per week of cheese
[49]. Grgurevic et al., [51] “investigated factors related to
osteoporosis in postmenopausal women in Serbia”. Sour
cream and yogurt were grouped into one category and
with their consumptions, there was no association with
the diagnosis of osteoporosis. A lower incident of
osteoporosis was associated with daily cheese intake
than no cheese intake. Keramat et., al., [52] “assessed the
risk factors for osteoporosis in postmenopausal women”
within the ages of 50 to 62 years and 48 to 64 years from
Iran and India respectively. Daily cheese intake of more
than 30 g per day was associated with lower incident of
osteoporosis when compared with intake of less than 30
g per day in Iranian women, but not in Indian women. The
result of the study showed that there is a protective
association of yogurt with the risk of hip fracture in
women in postmenopausal age, but not in cheese
consumption. In Rizzoli, [18] yogurt intake was associated
with hip (trochanter) bone mineral density. Yogurt intake
showed a weak positive protective trend for hip fracture,
while no other dairy groups showed a significant

association [53].

Cost Effectiveness of Consuming Dairy Products: The
cost effectiveness to make a case to recommend
increased dairy consumption has been estimated in some
studies [54-55]. There is at least a 20% reduction in
osteoporosis-related health care cost in the United State
when consumption of dairy foods is increased to three to
four servings per day, which can be interpreted as a

savings of $3.5 billion per year [54].
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Table 1: Summary of Findings on Dairy Intake and its Effect on Bone Mineralization in Older Adults

6

7

Citation

Bolland, et
al., [14]

Wallace, et
al. [30]

Fabiani, et
al. [21]

Ong, et al.
[47]

Cuesta-
Triana, et
al., [41]

Tai, et al.,
[17]

Rizzoli, [18]

Intervention/Comparator

Duration

Milk powder,
hydroxyapatite

Varied (12mo-19yr)

High-calcium skimmed

milk powder, kefir-

fermented milk, yogurt,

control.

Varied

"Milk/dairy" (i.e., “Milk-
cereal-whole grain”,

“Dairy-fish”, “Fruit-
milk-whole grains”,

“Calcium food”, “Dairy-
fruit”, “Milk-cereal”, &

“Dairy”.

varied

Fermented milk products
such as yogurt, soured

milk, Cheese.

Varied (2mo-22yrs)

Milk (low-fat milk, whole
milk), yogurt, cheese.

Duration= 3.5 months

Milk or milk powder,

hydroxyapatite.

Yogurt, dairy products,
calcium supplements

Duration= Varied (6mo-

7yrs)

Fortified Dairy products,
Calcium supplements.

Duration= Varied

(12months, 12 yrs.)

Sample Size
Age
Gender
Race/Ethnicity

N= 70 studies
>50yrs

Mixed gender
(Females, and
Males)

Not stated
N=50 studies

>50yrs

Male only (10%),
Female only
(46%)
Mixed (44%)
Diverse race

N= 6 studies
Age= >20years

Mixed Gender
race not
reported.

Not Stated

N=9 studies

Age= >55 years
Gender= Females

Diverse (e.g.,
Indian, Serbian,
Iranian)
N=1871

Age= >60yrs

Gender=48.4%
Males; 51.6%
Females

Race= Hispanic

N=59 studies
Age= >50yrs

Gender= 54
studies, females
only; 5 studies,
mixed (26.8%
Males, 73.2%
Females)

Not stated
N= 11 studies

Age= >40yrs

Gender=91%
female only, 9%
mixed.

Not stated

Efficacy Study Summary

“Examined the evidence
underpinning
recommendations to
increase calcium intake
through dietary sources or
calcium supplements to
prevent fractures”.

“Sought to synthesize the
evidence on dairy
consumption and bone
health across the lifespan,
with a primary focus on
fractures, BMD, and bone
mineral content”.

“Investigated the effect of
dietary patterns identified by
a posteriori method on low
BMD and fracture risk”.

“Investigated the evidence
on the association of
fermented milk product
(FMP) consumption on
skeletal outcomes and bone
health indicators in
postmenopausal women”.

“Investigated the
effectiveness of dairy product
intake for preventing frailty in

the elderly population”.

“Examined the effect of
increased intake of calcium
from dietary sources on bone
mineral density (BMD), and
from calcium supplements”.

“Investigated the
associations between the
consumption of dairy
products and the risk of hip
fracture”.

Health Outcomes

Consumption of dietary calcium is not
associated with risk of fracture.

The association between calcium consumption
and fracture risk is insignificant. Similarly,
increasing calcium consumption through

dietary sources to alter the risk of fracture may

not have a significant effect.

Fortified dairy foods showed a beneficial effect
on BMD/BMC over 1-3 years period.

Some studies showed a significant effect of
dairy consumption on fractures.

The “Milk/dairy” patterns showed a significant
effect on bone health, especially the
consumption of low-fat dairy products.

Regularly consuming a Milk/dairy dietary
pattern can reduce fracture risk and improve
BMD.

Increase intake of yogurt reduced the risk of hip
fracture.

Daily cheese intake showed little protective
benefits against osteoporosis.

Dairy consumption showed a beneficial effect
on frailty, especially with increase intake of
yogurt and low-fat milk.

Increasing calcium consumption from dietary
sources increases bone mineral density, as from
calcium supplements.

The increases observed are steady at about two
percent, with no significant effect on BMD after
ayear.

Sustaining and improving bone health was
observed in increasing daily consumption of
calcium in dairy products.

Consuming dairy foods had a beneficial effect
on BMD, BMC, and bone turnover markers.
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CONCLUSION

The preponderance of evidence in this review showed
that increasing the RDA through dietary sources or
supplements can prevent fractures. There was a benefit
on bone mineral density with fortified dairy foods.
Increased consumption of yogurt showed an association
with  reduced risk of hip fracture in women of
postmenopausal age than with low or no yogurt intake.
Dairy products shown a beneficial effect on bone
turnover markers and bone mineralization. Fortified
dairy products had a greater beneficial effect on bone
metabolism than did calcium supplements taken alone.
There is a need for recommendations of dairy products
to sustain bone mineralization in older adults by the FDA
or other nutritional institutes. Overall, regularly
consuming a healthy dietary pattern consisting of milk or
dairy products can improve bone mineral density and

decrease fracture risk.

Further Research: To the best of my knowledge, this
review is one of the few publications that assessed
calcium content alone from dairy products as it affects
bone health in the older population. Most studies were
conducted on specific ethnicity (mostly Chinese) female
populations. Genetic differences may be a significant
concern in extrapolating findings to other ethnic groups.
There were more studies on calcium from supplements
than from dietary sources, and a lack of data on bone
health as the primary outcome in interventional studies.
More randomized control trials are required on dietary
sources of calcium with bone health as their outcome to
draw a conclusion on the effectiveness of calcium-
fortified dairy products on bone health. There is a
possibility that each variety of cheeses and yogurt
preparation may contribute to bone health differently, as
different kinds of yogurts and cheese were used in this

study.
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Abbreviations: RDA: recommended dietary allowance,
FMP: fermented milk products, RDI: recommended daily
intake BMD: bone mineral density, BMC: bone mineral

content, IGF-I: Insulin-like growth factor I.
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