


Important terms

Bone mineral density — bone thickness

Alkaline phosphatase — measurement of bone
resorption

Osteoblasts — bone making cells

Osteoclasts — bone demolishing cells

Osteocalcin — increased amount Is indicative of
excessive bone resorption

Pyridinoline — increased amount is indicative of bone
degredation



What factor(s) play a
role In osteoporosis

prevention?




How much Ca do we need

to Ingest?

What Is the usual Ca intake

among Americans?




Gender and Age (Years)

Children ages 5 and younger

Girls ages 6-11
Boys ages 6-11
Teenage girls ages 12-19
Teenage boys ages 12-19

Adult women ages 20+

Adult men ages 20+

% Not Meeting

Calcium recommendations

30%

70%
60%
88%
68%
90%



http://www.nationaldairycouncil.org/NationalDairyCouncil/Nutrition/Nutrients/calcium







Current calcium intake recommendations (mg/day)

United European
Kingdom Union United States
Australia 1991 1993 and Canada
1991 Reference Population 1997
Recommended Nutrient Reference Adequate
Dietary Intake Intake Intake Intake
Pregnancy
(last trimester) 1100 700 700 1000—1300
Lactation 1200 1250 1200 1000—-1300
Infancy 300 (human milk) 525 400 210270
500 (cow mulk)
Childhood 530-800 350-550 400-550 500—-800
Puberty and
adolescence
Boys 1000—1200 1000 1000 1300
Girls 300—-1000 300 800 1300
Maturity
Males 800 700 700 1000
Females 300 700 700 1000
Later life
Males =65 years 300 700 700 1200
Postmenopausal 1000 700 700 1200

WOIIlC11

FAO/WHO expert consultation on human vitamin and mineral requirements
Wilkinson Enns et al., U.S. Department of Agriculture Agricultural Research Service,

http://www.ars.usda.gov/SP2UserFiles/Place/12355000/pdf/fenrv14n2p56.pdf



Calcium requirements: new estimations for men and women by
cross-sectional statistical analyses of calcium balance data from
metabolic studies™

Curtiss D Hunt and LuAnn K Johnson A il ‘f Eﬁ” Eh'fll-”“' :[]E]?Hﬁ' I {}5‘1 —'h—?"

& A

‘The findings suggest that the
calcium requirement for men

and women is lower than

\_  previously estimated.”  /




Data based on NHANES 1999-2002. J Am Coll Nutr, 2006;25(2):108-116

Ca intake vs. recommendation
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Usual intake of calcium, from NHANES
(2003-2004)

* |n all subjects 2 years or greater, the usual
intakes of Ca was 910 + 367 mg. ... The
percentage of this population that exceeded
the Al for Ca was 32.3.

* |n adults 19 years or greater the usual intakes
of Ca was 869 + 362 mg. ... The percentage of
the population that exceeded the Al for Ca
was 26.2.

Fulgoni et al., The FASEB Journal. 2008;22:1081.5



Calcium intake of the LS. population

What We Eat in America, NHANES 2003-2010

Hoy & Goldman. Food Surveys Research Group Dietary Data Brief No. 13, 2014
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How Important Is dietary Ca
Intake In osteoporosis

prevention?




Calcium Intakes and Femoral and Lumbar Bone Density of Elderly L.S. Men
and Women: National Health and Nutrition Examination Survey 200a-

2006 Analysis
Anderson et al. J Clin Endocrinol Metab, 2012;97:4531-4539

Subjects (N = 1384) included elderly residents statistically representative of
the United States, women and men aged 50 yr and older in the National Health

and Nutrition Examination Survey 2005-2006 cohort.

/" Total calcium intakes ranged from means of 400 mg/d in quintile | to 2100 ih

quintile 3. ... A usual high calcium intake beyond the recommended

dietary allowance of elderly women and men, most commonly

achieved by calcium supplements, did not provide any benefit for hip

or lumbar BMD. A dietary intake of calcium approaching or meeting the

current recommendations was not related to higher BMD of the hip or lumbar

K spine in late lite compared with lower intakes of calcium in older adults.” /




RISK FACTORS FOR HIP FRACTURE
IN WHITE WOMEN

Cummings, et al. NEJM. 1995;333(12):767-773

/ “Like most but not all prospective \
observational studies, ours found no
relation between calcium intake and

protection from hip fracture, even in
k women with very low intakes.” /




Does dietary calcium have a protective effect on bone fractures in

women? A meta-ana

ysis of observational studies

Xu L., et al, British Journal of Nutrition, 2004,;91:625-634

Pooled risk ratio for dietary calcium on hip fracture in ten
observational studies in women aged 2 35 years

Cumming et al. (1997)
Looker et al. (1993)
Mevyer et al. (1997)

Paganini Hill et al. (1991)
Kreiger et al. (1992)
Nieves et al. (1992)
Tavani et al. (1995)

Michaelsson et al. (1995)
Cooper et al. (1988)

Wickham et al. (1989)

Combined
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Does dietary calcium have a protective effect on bone fractures in
women? A meta-analysis of observational studies

Xu L., et al, British Journal of Nutrition, 2004,;91:625-634

ﬂObservational studies failed to show any\
association between dietary Ca intake and
risk of hip fracture (risk ratio 1-01, 95% CI
0:96, 1-07 for each increment of 300 mg

\ dietary Ca intake/d).” /




Calcium intake and hip fracture risk iIn men and women: a meta-

analysis of prospective cohort studies and randomized controlled
trials'™ Bischoff-Ferrari HR., et al. AJCN, 2007;86:1780-1790




Calcium intake and hip fracture risk in men and women: a meta-

analysis of prospective cohort studies and randomized controlled
trials'™ Bischoff-Ferrari HR., et al. AJCN, 2007;86:1780-1790

Calcium intake and hip fracture risk in the women from the
prospective cohort studies.

1.5 71

ol l \ | i

Reference 555-700 701-900 501-1100 >1100

Total calcium intake (mg/d)



Calcium intake and hip fracture risk iIn men and women: a meta-

analysis of prospective cohort studies and randomized controlled
trials1‘3 Bischoff-Ferrari HR., et al. AJCN, 2007;86:1780-1790

Prince et al (13) —

Reid et al (10) — .

Bizchoff-Ferran et al (14)—

Grant et al (12) —

Combined—




Calcium intake and hip fracture risk in men and women: a meta-

analysis of prospective cohort studies and randomized controlled
trials’= Bischoff-Ferrari HR., et al. AJCN, 2007;86:1780-1790

K Pooled results from randomized\
controlled trials show no reduction
in hip fracture risk with calcium

supplementation, and an increased

k risk is possible.” /




Milk, Dietary Calcium, and Bone
Fractures 1n Women: A 12-Year
Prospective Study

Feskanich et al., Am. J. Public Health 1997,;87(6):992-997

RR of hip fractures among 77,761 women aged 34 to 59

Hip Fractures

Multivariate
Milk, Person-

Glasses Years Cases RRP RR¢ 95% CI
=1/wk 213 264 41 1.00 1.00
2-6/wk 140 518 33 1.22 1.36 0.86, 2.16
1/d 152 795 31 1.05 1.23 0.76, 1.98
=2/d 138 644 28 1.08 1.45 0.87,2.43

P for trend? 92 22



Milk, Dietary Calcium, and Bone
Fractures 1n Women: A 12-Year
Prospective Study

Feskanich et al., Am. J. Public Health 1997,;87(6):992-997

RR of hip fractures among 77,761 women aged 34 to 59

Hip Fractures

Person-
Years Cases RRP a95% CI
Total dietary calcium, mg/day
=450 167 189 27 1.00 C e
451-625 159 033 43 2.02 1.23, 3.3
626—900 163 707 33 1.85 1.06, 3.22
=900 155 101 30 2.04 1.12, 3.71
P for trend® 07
Dairy calcium, mg/day
=175 157 287 25 1.00 ..
176—350 174 992 39 1.61 0.97, 2.
351-550 155 929 37 1.94 1.15, 3.28
=550 156 824 32 1.93 1.09, 3.
P for trend® .05
MNondairy calcium, mg/day
=200 131 938 35 1.00 .
201-275 203 891 45 0.91 57, 1.
276—350 166 620 23 0.66 0.36, 1.23
=350 142 581 30 1.17 60, 2.31
P for trend®© .29



Milk, Dietary Calcium, and Bone
Fractures in Women: A 12-Year
Prospective Study

Feskanich et al., Am. J. Public Health 1997;87(6):992-997

C O

‘No significant association was

observed between teenage milk

consumption and the risk of

k adult fracture.” /




A meta-analysis of milk intake and fracture risk: low utility

for case fmdmg Kanis JA., et al. Osteoporosis Int. 2005;16(7):799-804

(ohor oample Person-years Meanage  Agerange % femal L) calowm Any Osteoporotic  Hip
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Rotlerdam 0§ 47 17 HH : iy 473 i
dheffield 273 o) 00 % 10 6 N8 b3
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A meta-analysis of milk intake and fracture risk: low utility

for case fmdmg Kanis JA., et al. Osteoporosis Int. 2005;16(7):799-804

/“A low intake of calcium (less than 1\
glass of milk daily) was not associated
with a significantly increased risk of

any fracture, osteoporotic fracture or

\ hip fracture.” /




MilK Intake and risk of mortality and
fractures in women and men: cohort studies

Michaélsson et al. BMJ 2014;349:26015

 Two Swedish cohorts:
— N =61,433 women (39-74 years at baseline 1987-90)
— Mean follow-up of 20.1 years
— 15,541 women died
— 17,252 had a fracture
— 4,259 had a hip fracture

— N = 45,339 men (45-79 years at baseline 1997)
— Mean follow-up of 11.2 years

— 10,112 men died

— 5,066 had a fracture

— 1,166 hip fracture cases



MilK Intake and risk of mortality and
fractures in women and men: cohort studies

Michaélsson et al. BMJ 2014;349:26015
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Adjusted hazard ratio of CVD mortality Adjusted hazard ratio of cancer mortality

MilK Intake and risk of mortality and
fractures in women and men: cohort studies

Michaélsson et al. BMJ 2014;349:26015

Swedish Mammography Cohort (women)
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MilK Intake and risk of mortality and
fractures in women and men: cohort studies

Michaélsson et al. BMJ 2014;349:26015

“For every glass of milk the adjusted hazard ratio of all
cause mortality was 1.15 (1.13t0 1.17) in women and
1.03 (1.01 to 1.04) in men. For every glass of milk in
women no reduction was observed in fracture risk with
higher milk consumption for any fracture (1.02, 1.00 to
1.04) or for hip fracture (1.09, 1.05 to 1.13). The
corresponding adjusted hazard ratios in men were 1.01
(0.99 t0 1.03) and 1.03 (0.99 to 1.07).”



BM Effect of calcium supplements on risk of myocardial
infarction and cardiovascular events: meta-analysis

Bollard MJ., et al. MJ 2010;341:¢3691 doi:10.1136/bmj.c3691

Study Relative risk of myocardial Study Relative risk of myocardial infarction, '
infarction (95% C1) stroke, or sudden death (95% Cl)
Baron 1999 T Reid 1993 . : = »
Grant 2005 Baron 1999 »
Grant 2005 Vit D Grant 2005 N =
Prince 2006 & Grant 2005 Vit D _!_
, ! Prince 2006 -
Reid 2006 ' . l
: Reid 2006 ™
Lappe 2007 R | " Lappe 2007 <~ ;
Reid 2008 ) i > Reid 2008 « .
Total e Total e
Test for helemgeneiw: P=0.038 1.27 (1.01t0 1.59) Test for he[emgen Ei[‘y‘: P=0.13 1.12 (0.97 to 1.30)
’=0% P=0.96 ’=0% P=0.91 05 08 11215 2 3
E:mtr,: :T:::;: Favours Favours

calcium placebo



BM Effect of calcium supplements on risk of myocardial
infarction and cardiovascular events: meta-analysis

Bollard MJ., et al. MJ 2010;341:¢3691 doi:10.1136/bmj.c3691

Myocardial infarction Stroke
£ Hazard ratio 1.31 (95% {1 1.02 to 1.67), P=<0.035 Hazard ratio 1.20 (95% C10.96 to 1.50),P=0.11
a
B .

g = Calcium J
£ 4 =
; === Pl3cebo l_l"
§ 3 -
3
E
J
1
0
No at risk

Calcium 4097 3870 3539 2670 1294 373 4097 3865 3541 2659 1294 373
Placebo 4054 3865 3588 2728 1320 388 4054 3859 3589 2730 1312 386



BM Effect of calcium supplements on risk of myocardial
infarction and cardiovascular events: meta-analysis

Bollard MJ., et al. MJ 2010;341:¢3691 doi:10.1136/bmj.c3691

Composite of myocardial infarction, stroke, or sudden death Death
18
Hazard ratio 1.18 (95% Cl 1.00 to 1.39), P=0.057 Hazard ratio 1.09 (95% C1 0.96t0 1.23), P=0.18

12

==
—

Cumulative incidence (%)
-}

Years Years
No at risk
Calcium 4097 3848 3517 2635 1271 360 4097 3889 3580 2699 1322 389
Placebo 4054 3848 3566 2692 1292 376 4054 3875 3618 2767 1340 399



Effect of calcium supplements on risk of myocardial
infarction and cardiovascular events: meta-analysis

Bollard MJ., et al. MJ 2010;341:¢3691 do0i:10.1136/bmj.c3691

/"As calcium supplements are widely used these\

disease might translate into a large burden of
disease in the population. A reassessment of the

role of calcium supplements in the management

.

modest increases in risk of cardiovascular

of osteoporosis is warranted.” /




Evidence that Calcium Supplements
Reduce Fracture Risk Is Lacking

Seeman E. Clin J Am Soc Nephrol 2010;5:S3—S11
ﬁCredible evidence that calcium supplements reduce the risk CN
vertebral, nonvertebral, or hip fractures is lacking. ... Gonsensus

statements that support the widespread use of calcium are opinion-based;

they accept claims of beneficial effects despite flaws in study design,
execution, and analysis; and they reject reported adverse effects because of
them. Until well designed, well executed, and well analyzed studies

demonstrate a net benefit in morbidity, mortality, and cost, recommendations

Qppurting the widespread use of calcium supplementation remain helief-/
based and not evidence-based.




Osteoporosis prevention efforts that
focus more calcium and/or diary
Intake focus on an ineffective
osteoporosis strategy with

undesirable side effects




Consider the unthinkable
‘ / . vy ‘ : .' >\
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What factors do impact
the risk of osteoporotic

fractures?




Physical activity




Exercise interventions and prevention of fall-related fractures in older
people: a meta-analysis of randomized controlled trials

Zhao et al. Int J Epidemiology, 2017, 149-161

Rate of alls

Rate of falls

Study Y ear
Ashbun 2007
Bischoff-Ferrari 2010
Eorahim 1997
Haines 2009
lliffe 2014
liiffe 2014
Karinkanta 2007
Kemmier 2010
Mdilurdo 1997
Robetson 2001
Smulders 2010
Swanenburg 2007

Zeng 2009

Q)

"N = 15 studies, N = 3,136 participants™ = ="

142 : 0.94 (0.63, 1.40) 7.89
173 —— 0.50 (037, 0.66) 9.64
165 e 1.26 (0.89, 1.80) 859
53 ———— 0.74 (044, 122) 650
616 (center-based) Tl 0.85 (069, 1.06) 10.59
640 (hame-based) ﬂhl- 0.89 (072, 1.11) 10.59
149 -t 1.15 (062, 2.14) 532
246 + 0.60 (0.48, 0.76) 10.37
118 -~ 0.53 (028, 0.98) 532
240 —— 0.72 (054, 0.96) 956
06 il 0.63 (0.41, 0.96) 7.48
24 - E 0.19 (005, 0.64) 197
124 —le— 0.34 (020, 057) 6.18

Overall (-squared=71.5%, p =0.000) > oo.oo

Favours exercise intervention 1 Favours control



Exercise interventions and prevention of fall-related fractures
in older people: a meta-analysis of randomized controlled trials

Zhao et al. Int ] Epidemiology, 2017, 149-161

Fall related Iractures

Study Year Sample size N — 1 5 SI“ﬂies, N — 3’1 36 nal'“(:ipa“ls RR (95% Cl) Weight (%)
Ashbum 2007 142 - 0.35(007,1.69) 442
Bischoff-Ferrari 2010 173 — 1 050 (021,1.18)  14.92
Chan 2004 132 . 051 (005,545 193
Ebrahim 1007 165 142(042,474) 744
Haines 2009 53 . 090(009,932) 198
liffe (Center-based) 2014 616 - 0.20(002,1.90) 213
liffe (Home-based) 2014 640 - 037 (006,223) 341
Karinkanta 2007 149 -~ 0.35(005,237) 292
Kemmier 2010 246 —_— 051(020,132) 1207
Korpelainen 2010 160 —A- 0.71(040,127) 3214
McMurdo 1997 118 . 023(001,460) 1.20
Preisinger 1996 58 258 (054,12.34) 442
Robertson 2001 240 " 020 (006,1.38) 450
Smuiders 2010 96 020 (001,406) 120
Swanenburg 2007 24 275(012,60.70) 1.13
Zeng 2009 124 -— 0.41 02 421
Overall (l-squared = 0.0%, p = 0.761) <> 0.60 (0.43,0.84) 100.00
NOTE: Weights are from random effects analysis

1 1

0.604 1

Favours exercise intervention

Favours control



Key Guidelines for older
adults

*For additional and more extensive health benefits, older
adults should increase their aerobic physical activity to 300
minutes (5 hours) a week of moderate-intensity, or 150

minutes a week of vigorous-intensity aerobic physical activity

*Older adults should also do muscle-strengthening
activities that are moderate or high intensity and involve

all major muscle groups on 2 or more days a week




What dietary/nutritional

factors impact the risk of

osteoporotic fractures?




Food Intake

patterns




Prospective Associations of Dietary and Nutrient
Patterns with Fracture Risk: A 20-Year Follow-Up Study

Melaku et al. Nutrients, 2017,9,1198; do1:10.3390/mu9111198

* China Health and Nutrition Survey
* 15,572 adults aged >18 years
 Two dietary (traditional and modern) and

* Two nutrient (plant- and animal-sourced)

patterns were identified



Prospective Associations of Dietary and Nutrient
Patterns with Fracture Risk: A 20-Year Follow-Up Study

Melaku et al. Nutrients, 2017,9,1198; do1:10.3390/mu9111198

/ “Alter adjusting for potential confounders, study \
participants In the third tertiles (highest intake) oi the
modern dietary and animal-sourced nutrient patterns’
cumulative scores had a 34% (HR = 1.34; 95% (I: 1.06—

1.71) and 37% (HR = 1.37; 95% (I: 1.08-1.72) increase In
iracture risks compared to those In the first tertiles,

\ respectively.” /




Greater Intake of Fruit and Vegetables Is Associated with
Greater Bone Mineral Density and Lower Osteoporaosis Risk in

Middle-Aged and Elderly Adults

Qiu et al. PLoS One, 2017; 12(1): e0168906.

* A population-based cross-sectional

study
* N=2083 women and 1006 men
 Age = 40-75 years
» Setting: Guangzhou, China



Greater Intake of Fruit and Vegetables Is Associated with
Greater Bone Mineral Density and Lower Osteoporaosis Risk in

Middle-Aged and Elderly Adults

Qiu et al. PLoS One, 2017; 12(1): e0168906.

The odds ratios ol osteoporosis between tertile 3
(highest) and tertile 1 (lowest) FV Intake were:

- 27% lower in lumbar spine

- 63% lower in total hip

- 29% lower in femoral neck



Lequmes and meat analogues consumption are associated with hip
fracture risk independently of meat intake among Caucasian men and

women: the Adventist Health Study-2
Lousuebsakul-Matthews et al. Public Health Nutr. 2014;17(10):2333-2343

* Adventist Health Study-2
* N=33,208

Hip fracture risk by intake of selected foods
=50%

=49%
. =-64%

Legumes Meat analagues

m<iweek m1weehto<1day 1 x day or more



Nutrient intake

patterns




Dietary influences on bone mass and bone metabolism: further evidence of a
positive link between fruit and vegetable consumption and bone health?

New et al., AJCN 2000;71:142-151

“... Intakes of nutrients found In
abundance In fruit and vegetables,
namely, potassium, [3-carotene, vitamin
C, and magnesium, were positively

associated with bone health.” (p. 148)



Potassium




Dietary influences on bone mass and bone metabolism:
further evidence of a positive link between fruit and

vegetable consumption and bone health?
New et al., AJCN 2000;71:142-151
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Dictary sources ol potassium
 Focditems  Amowntugasor

Tomatoes, sun-dried 3,427
Soybean, mature raw 1,797
Mushrooms, shiitake 1,534
Black beans, raw 1,500
Kidney beans, raw 1,490
Pinto beans, raw 1,393
Atzuki beans, raw 1,254
Mung beans, raw 1,246
Navy beans, raw 1,185
Pistachio nuts 1,025
Tomato paste 1,014
Pumpkin seeds 919

Sunflower seeds 850

Raisins 825

Yam, raw 816



Vitamin K intake and the risk of

fractures. A meta-analysis
Hao et al. Medicine (2017) 96:17

 Four cohort studies and one nested case—control
study,

 Total of 1114 fractures cases and 80,982
participants

* Vitamin K intake in all included studies refers
exclusively to the intake of phylloquinone

(vitamin K1), which is the predominant form of
vitamin K in foods.



Vitamin K intake and the risk of

fractures. A meta-analysis
Hao et al. Medicine (2017) 96:17

® We observed a statistically significant inverse association

between dietary vitamin K intake and risk of fractures

(highest vs. the lowest intake, RR=0-78, 95% CI:
0.56-0.99; ...).

® When stratified by follow-up duration, the RR of

fracture for dietary vitamin K intake was 0-76 (95%
CI: 0.58-0.93) in studies with more than 10 years of

follow-up.



Vitamin K intake and hip fractures in
women: a prospective study

Feskanich et al. Am J Clin Nutr 1999:69:74-9

* Nurses’ Health Study cohort
* N =72,327 women
 Age 38—63 years

* N (hip fractures) = 270



Vitamin K intake and hip fractures in
women: a prospective study

Feskanich et al. Am J Clin Nutr 1999:69:74-9

m\lnmen in quintiles 2-a of vitamin K intake had a significanﬂh

lower age-adjusted relative risk (RR: 0.70; 95% Cl: 0.53, 0.93)

of hip fracture than women in the lowest quintile (< 109 mg/d).

Risk did not decrease between guintiles 2 and 3 and risk
estimates were not altered when other risk factors for

psteoporaosis, including calcium and vitamin D intakes, were

k added to the models.” /




Vitamin K intake and hip fractures in
women: a prospective study

Feskanich et al. Am J Clin Nutr 1999:69:74-9

K‘Risk of hip fracture was also inverselh
associated with lettuce consumption (RR:

0.55; 95% CI: 0.40, 0.78) for one or more
servings per day compared with one or

fewer servings per week), the food that

contributed the most to dietary vitamin K

\_ intakes.” -




Dietary sources of vitamin K
 Focditems  AmoumtugiSor

Kale, cooked 817
Swiss chard 830
Kale, raw 705
Collards, boiled 624
Mustard greens, boiled 593
Spinach, boiled 541
Spinach, raw 483
Basil, fresh 415
Mustard greens, raw 256
Onion scallions 207
Brussels sprouts, raw 177
Onion greens 156
Broccoli, boiled 141

Lettuce, raw 126






Vitamin B12

&
homocysteine




Homocysteine Levels and the Risk of Osteoporotic Fracture

Joyce et al, N Engl J Med, 2004;May 13;350(20):2042-2049

A Rotterdam Study, Cohort 1 B Rotterdam Study, Cohort 2
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Vitamin BlZ, Folate, Homocysteine, and Bone Health
in Adults and Elderly People: A Systematic Review
with Meta-Analyses.

van Wijngaarden et al. Journal of Nutrition and Metabolism, 2013; http.//dx.doi.org/10.155/2013/ 486188

/ “Meta-analysis of four prospective studies\
including 7,475 people showed a modest
decrease in fracture risk of 4% per 50 pmol/L
increase in vitamin B12 levels, which was

borderline significant (RR = 0.96, 95% Cl =

k 0.92 to 1.00). /




Vitamin B1Z, Folate, Homocysteine, and bone Health
in Adults and Elderly People: A Systematic Review
with Meta-Analyses.

van Wijngaarden et al. Journal of Nutrition and Metabolism, 2013;
http://dx.doi.org/10.1155/2013/486186

/Meta-analysis of eight studies including\
11,511 people showed an increased
fracture risk of 4% per umol/L increase in

homocysteine concentration (RR =1.04,

k 95% CI = 1.02 to 1.07).” /




Vitamin B2 deficiency and Hyperhomocysteinemia: Risk factors for low bone
density, bone turnover, and bone fractures among vegetarian adults.

Babatunde T. & Pawlak R. Submitted to Journal of Chronic Disease Management

Obstructs
formation of
collagen cross-
links

Increases
osteoclasts
activity

Reduces
osteoblasts
activity

Impairs taurine
synthesis

Auto-
oxidation
of Hoy

ncreases
C-terminal

telopeptides of

ollage

Increases
osteocalcin
concentration

Increases bone
alkaline
phosphatase

Impairs IGF-1
synthesis




Dietary protein



Hip fracture—free survival in 1035 women by
ratio of animal to vegetable protein intake
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Low ratio Medium ratio High ratio P for trend

Ratio of animal to vegetable protein intake 1.2 +0.27 231044 42x1.2 0.001
Animal protein intake (g) 2361638 35.1£6.5 48.2£93 0.001
Vegetable protein intake (g) 19.6 £3.6 154127 1.6+ 28 0.001

adjusted for age, energy intake, total calcium intake (dietary plus supplements), total protein intake, weight,
current estrogen use, physical activity, smoking status, and alcoholintake. *P = 0.04. RR, relative risk
Sellmeyer et al., Am J Clin Nutr 2001;73:118-22.



Colas, but not other carbonated beverages, are associated
with low bone mineral density in older women: The

Framingham Usteoporosis otudy
Tucker et al., Am J Clin Nutr 2006;84:936-942

Femoral nexk BMD (¢/cm?)
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Soda consumption and risk of hip
fractures in postmenopausal women in
the Nurses’ Health Study

Fund et al. Am J Clin Nutr, 2014 Sep; 100(3): 953-958

* Nurses Health Study
* N=73,572; N (hip fractures) =1873

K‘lll muliivariable models, each additional serving of total soda per day was \
associated with a significant 14% increased risk of hip iracture (RR: 1.14; 95% (I

1.06, 1.23). The attributable risk in our cohort ior total soda consumption was 12.5%.
Risk was signiiicantly elevated in consumers oi both regular soda (RR: 1.19; 95% (I:
1.02, 1.38) and diet soda (RR: 1.12; 95% (I: 1.03, 1.21) and also did not significantly
Kﬂiﬁﬂl’ between colas and noncolas or sodas with or without cafieine.” /




Osteoporosis prevention — nutrients

— Adequate intake of potassium
— Adequate intake of vitamin K
— Adequate vitamin B12 status

— Adequate vitamin D status — adequate sun

exposure
— Decrease dietary phosphorus intake

— Decrease dietary sodium intake

— Decrease animal protein intake???

— Adequate intake of photoestrogens???



Osteoporosis prevention — foods

Eat plenty of heart healthy foods including a variety of
fruits and vegetables especially green leafy vegetables
and legumes

Include soybeans food such as soymilk, tofu, flax seeds

Decrease foods high in sodium (canned foods, pickled
foods, etc.)

Make sure your vitamin B12 status is adequate
Eliminate drinking of soft drinks

Decrease intake of meat and other animal products






Calcium Intake in the United States from Dietary and Supplemental Sources across
Adult Age Groups: New Estimates from the National Health and Nutrition Examination

Survey 2003-2006
Mangano et al. J] Am Diet Assoc. 2011;111(5):687-695

Median CA intake
MgeGear  DeanyCA(mo/dsy)  Soplemental CA(no/dey)

Men
19-30 973 74
31-40 1030 106
41-50 908 136
51-60 843 141
61-70 801 162
71-80 760 190

> 30 739 236



Calcium Intake in the United States from Dietary and Supplemental Sources across
Adult Age Groups: New Estimates from the National Health and Nutrition Examination

Survey 2003-2006
Mangano et al. J] Am Diet Assoc. 2011;111(5):687-695

Median CA intake
MgeGear)  DelnyCA(mo/dsy)  Soplemental CA(no/dey)

Women
19-30 840 169
31-40 806 143
41-50 700 213
51-60 671 280
61-70 674 391
71-80 673 380

> 80 603 373



Aerobic Activity

e Aerobic (endurance or cardio) activity - the body’s

large muscles move in a rhythmic manner for a

sustained period of time.

 Examples:
— walking,
— running,
— bicycling,
— jumping rope,
— swimming.




Aerobic Activity

* |ntensity — how hard?

* Frequency — how

often?

* Duration — how long?




Muscle-strengthening
Activity

* Muscle-Strengthening (resistance training)
activity - causes the body’s muscles to work or

hold against an applied force or weight.
 Examples:

— Lifting weight
— Pushing using elastic band

— Using body weight (push-ups)



Muscle-strengthening
Activity

* |ntensity — how

much weight?

* Frequency — how

often?

* Repetitions — how

many times?



Greater Intake of Fruit and Vegetables Is Associated with
Greater Bone Mineral Density and Lower Osteoporosis Risk in

Middle-Aged and Elderly Adults

Qiu et al. PLoS One, 2017; 12(1): e0168906.

/ “After adjustment for potential covariates, we ohserved ﬂose-\
dependent associations between total FV Iintake and BMD and

osteoporosis risk. The mean BMD was higher in tertile 3 . tertile 1

by 1.33% (TH) and 1.31% (FN) for FV, and 1.10% (WB), 1.57% (TH),

and 2.05% (FN) for fruit (all 2trends < 0.05). Significant heneficial
associations with BMD at some sites were also found in most fruit

\ categories but not in total vegetables or their subgroups.” /




Greater Intake of Fruit and Vegetables Is Associated with
Greater Bone Mineral Density and Lower Osteoporosis Risk in

Middle-Aged and Elderly Adults

Qiu et al. PLoS One, 2017; 12(1): e0168906.

K’l‘he odds ratios (95% coniidence interval) of osteoporosis ... in lﬁl’lib
3 (5. 1) were 0.73 (0.58-0.92), 0.37 (0.22-0.60), and 0.71 (0.52-0.97)
for FV; 0.82 (0.66-1.03), 0.48 (0.30-0.77) and 0.89 (0.61-1.12) for
fruit; and 0.80 (0.64-1.01), 0.57 (0.35-0.92) and 0.76 (0.55-1.05) iox
vegetables at the LS, TH, and N, respectively. The iavorable association
between FV intake and the occurrence ol osteoporosis was evident only
\ In subjects with lower BMI (<24.0 k8/m?, P-frends < 0.05).” /




Worldwide incidence of hip fracture in
elderly women: relation to consumption
of animal vs. plant foods

Frassetto et al., Journal of Gerontology: Medical Sciences. 2000;55A(10):M585-M592

A3 countries 33 countries
200 | = 0.82, p < 0.001 - B - r =037, p < 0.04
5 -» -
Ty L
= £ 3
Ll o
O S 180 B e
O c .
= E a®
@ . . o
L [ o L
o < 100 —\
— e L ]
= S
L =) » -
< S ¢ o
i * e
E 50 = &
o o
T — L
--
-
O = e @ o - -
1 I 1 1 1 1 1 1 1 1
20 A0 60 BO 30 b0 70
ANIMAL PROTEIN INTAKE VEGETAEBLE PROTEIN INTAKE

igrams/day) (grams/davy)






Dietary influences on bone mass and bone metabalism:
further evidence of a positive link between fruit and

vegetable consumption and bone health?
New et al., AJCN 2000;71:142-151
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Vitamin K intake and risk for a hip fracture

Relatrve risks of hup fracture m elderly men and women by quartile of phylloqunone mtake

Number of participants Median phylloguinane Multwariate RR Multrvariate RR {93% CI)
Quartile with hp fractures imtake (pg/d (3% CIY adjusted for BM¥
| |6of 223 i .00 .00
2 [l af 222 103 053(0.22 1.28) 032(020,132)
; |0af 228 |36 0.59(0.25, 1.39) 063(025, 170)
4 Tof 227 234 0.33(0.13, 004 033(012, 102)
P for trend - — (147 0.0%

' Adusted for sex., smoking status, caleium and vitamin D supplement use, aleohol consumption, BML, age, energy intake, physical activily score, and

vitamm D, calemum, and caffeme miakes,

‘Adsted for femoral neck bone mineral density (BMD), sex, smoking status, calcium and vitamin [ supplement use, aleohol consumption, BMI, age.

energy intake, physical activity soore, and vitamum [, calenm, and caffeine mtakes.
‘Linear trend across quartiles of phylloqumane tntake, with median value per quartie.

Booth et al., AJCN 2000;71:1201-1208



