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What is a Healthy Diet?
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Beware of cutting out specific food groups
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Vegan sources of Calcium

You can achieve a calcium rich diet on a vegan or vegetarian diet

#Surreyinreview 

Dairy alternatives e.g. milk,
yoghurts and puddings

Fortified white bread Firm tofu

Dark green leafy vegetables e.g.
Kale, broccoli, Brussel sprouts and watercress

Fortified orange juice Fortified breakfast cereals



Veganism and Bone Health

Knurick et al 2015
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Young, non-obese adults consuming meat-based (n = 27), lacto-ovo vegetarian (n = 27), or vegan
(n = 28) diets for ≥1 year

24-hour diet recall, whole body DXA scan, 24-hour urine specimen, and fasting blood samples
collected

BMD was non-significantly lower in non-meat eaters in comparison to omnivores. Protein intake
was reduced ~30% in individuals consuming lacto-ovo and vegan diets as compared to those
consuming meat-based diets (68 ± 24, 69 ± 29, and 97 ± 47 g/day respectively, p = 0.006)

Urinary pH was more alkaline in the lacto-ovo and vegan groups versus omnivores (6.5 ± 0.4, 6.7
± 0.4, and 6.2 ± 0.4 respectively, p = 0.003), while calcium excretion was significantly higher in
omnivores compared to vegetarians (p = 0.045)

Data suggest that plant-based diets are not detrimental to bone in young adults



Age (yrs) RNI (mg/d)

Infants/children

0-1 525

1-3 350

4-6 450

7-10 550

Males

11-14 1000

15-18 1000

19-50 700

50+ 700

Females

11-14 800

15-18 800

19-50 700

50+ 700

Pregnancy No increase

Lactation +550

Reference Nutrient 
Intakes for Calcium 
in the UK

Lower RNI -
400mg/d
(COMA, 1998)

US RDA (15-18yrs) 

1200mg/d

Australia/NZ (16-18yr)

1800mg/d



Sources of Dietary calcium

Food source Average Portion size Calcium (mg)

Milk, whole Glass, 200 ml 236

Milk, skimmed Glass, 200 ml 244

Yoghurt, low-fat, 
plain

Pot, 150g 243

Cheese, cheddar Medium chunk, 40g 296

Sardines, tinned Portion, 100g 500

Curly kale Serving, 95g 143

Red kidney beans 3tbsp, 105g 75

Sesame seeds 1tbsp, 12g 80

Almonds 12 whole, 26g 62

Apricots 4 fruit, 160g 117

Pasta Portion, 230g 85

White bread Slice, 30g 32
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Dietary Calcium and Bone Health



Changes in bone mass during the life-cycle



Bone mass

All skeletal calcium acquired from diet

Bone mineralisation cannot occur without 
presence of calcium in excess of that required for 
homeostasis

Measurement of bone mass is an indicator of 
calcium status and bone health

Bone mineral density (BMD) can be measured by 
eg: DXA (dual-energy x-ray absorptiometry)



Calcium studies – RCT’s in children and adolescents

Johnson et al 1992

– 3yr age 6-14yrs 1000mg Ca/d inc BMD

Lloyd et al 1993

– 18mo age 11.9yr 500mg/d inc BMD
inc BMC

Nowson et al 1997

– 2yr 10-17yr 1200mg/d inc BMD 
(postmenarcheal girls only)

Bonjour et al 1997

– 1yr 6-9yr 850mg/d inc BMD

Cadogan et al 1997

– 18mo 11yr 1pt milk inc BMD 
inc BMC



Calcium supplementation in post-menopausal women

Meta-analysis (Tang et al, Lancet 2007) of 29 RCT’s

– Ca with or without vitamin D effective in 
preventing bone loss and fracture

– Risk reduction greatest in 

• Elderly

• Institutionalised

• Low body weight

• Low-Ca diet

• Higher baseline risk



Calcium acting as a threshold nutrient?

– Below threshold, bone mass is function of intake

– Above it, increased Ca intake has no further effect?

Should supplementation be targeted at those with low intakes?



Wolff – 1869

“Bone accommodates the forces applied to it by altering its 
amount and distribution of mass”

Frost - 1987

Concept refined to a general theory of bone mass regulation

Importance of Physical Activity to Bone HealthBone

Health



Impact of Exercise on Bone Health -1

Age Group Author Publication Effect (+ve)

Children Slemenda et al JBMR

1992;7:93

√

Young Women Recker et al JAMA 

1992;17:2403-2408
√

Pre menopausal Jonsson et al Bone

1992;13:191-195

√

Post 

Menopausal

Prince et al NEJM 

1991;325:1189-195
√

Elderly Cooper et al BMJ 

1988;297:1443-446
√

Physical activity & bone health throughout the lifecycle

1. General Population



Sport Author Publication Effect (+ve)

Tennis Players Jones et al JBJS

1977;59A:204-208

√

Skaters Slemenda et al BM

1993;20:125-132

√

Rowers Wolman et al Ann Rheum Dis 

1991;50:487-489
√

Power Athletes Bennell et al Bone 

1997;20:477-484

√

Volleyball Players Alfredson et al CTI

1997;60:338-342

√

Physical activity & bone health throughout the lifecycle

2. Specific Sports Groups

Impact of Exercise on Bone Health - 2



BED REST = bone loss!

Sunday Times 15th January 2001

Physical Inactivity = Bone Loss!



Bone mass in calcium-replete postmenopausal women

• 2 year exercise intervention with calcium 

supplementation.  

• Total of 126 POM women studied (mean age 60y)

• Strength (loading), fitness or non-exercise control

• 3 sets of the same 9 exercises, 3x week

• Strength group progressively increased their load 

throughout the study

• Significant effect of the strength program at the total (0.9 

+/- 2.6%, P<0.05) and intertrochanter site (1.1 +/1 3.0%, 

P<0.01)

Kerr et al.  J Bone Miner Res 2001;16:175-181)



Physical activity and high calcium intake 

have an additive effect on bone health

Kerr et al J Bone Miner Res 2001;16:175-181



Detrimental Effects of Exercise on Bone 

Health Female Athletic Triad

American College of Sports Medicine.  Position stand on the 

female athletic triad.   Medicine & Science in Sport and Exercise

1997;29:i-ix.



Importance of 

Calcium 

and Vitamin D

to athletes



IMPACT OF EXERCISE ON BONE HEALTH

Detrimental Effects in Amenorrhoeic Athletes
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Bone remodelling

Resorption
– Osteoclasts break down 

bone creating a 
resorption cavity

Formation
– Osteoblasts make new 

bone matrix which is then 
mineralised, filling the 
remodelling space

Enables bone to
– adapt to mechanical loading

– repair damage





RESULTS I - Descriptive data (mean, SD)

GYM

(n 43)

CON

(n 52)

P-value 
(ANOVA)

AGE at baseline 
(years)

11.3 [2.3] 11.3 [1.9] ns

HT: at baseline (m)

1-yr increase (%)

1.36 [0.1]

3.9

1.48 [0.1]

3.4

0.001
ns

WT: at baseline (m)

1-yr increase (%)

31.7 [8.4]

12.6

41.0 [11.1]

11.3

0.001
ns

BODY fat (%) 6.8 [2.6] 18.3 [8.4] 0.001

AGE at menarche 
(years)

14.1
[1.4] (n 9)

12.7
[1.0] (n 22)

0.003



Gymnasts
(n 45)

Controls
(n 52)

P value

Birth Weight (g) 3100 [524] 3358 [562] 0.03

Mother’s Height (m) 1.59 [0.04] 1.65 [0.06] 0.001

Father’s Height (m) 1.76 [0.07] 1.80 [0.06] 0.007

Target Height (m) 1.74 [0.04] 1.79 [0.04] 0.001

Mother’s Age of
Menarche (Yrs)

13.3 [0.9] 12.7 [1.4] 0.05

Parental influence on bone growth

in gymnasts and controls



RESULTS VI TB BMC by maturity (MEAN, SEM)
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19: 314-322



Jumping improves hip and lumbar spine bone mass in 
children

Fuchs et al J Bone Miner Res 2001;16:148-156

Investigation of high impact 

jumping on BMD.

89 boys and girls (6-9 yrs)

7 month exercise programme

During school week, 3x week

100, 2-footed jumps off 61cm boxes

Jumpers had higher BMD 

& BA (3.1-4.5%)



Preserving bone mass in non-weight bearing sports

• Effects of a Ca-rich pre-exercise meal on biomarkers of 

calcium homeostasis in competitive female cyclists: 

randomised cross-over trial

• Using cross-over design – 32 well trained cyclists 

completed 90mins cycling trials – separated by one day

• High Ca – dairy based meal provided vs. placebo

• Reduction seen in PTH and marker of bone resorpton

Haakonssen et al.  PLOS One 2015, May issue



‘



Milk supplementation and 
postmenopausal bone loss

200 postmenopausal Chinese women consuming a habitual Ca 
intake of <500mg/d

Supplementation with 50g milk powder (800mg Ca/d) for 24 
months

Bone loss at total hip, spine and total body significantly reduced in 
milk group

PTH lower and 25(OH)D higher in milk group

Reference:  Lau et al J Bone Miner Res 2001;16:1704-1709



Effect of Milk & Milk Products 

on Bone Health

Diets that are low in Ca are nutritionally poor in 

other respects

Barger-Lux et al (1992) Clin & Applied Nutr 1992;2:39-44

Supplementation with milk improves the nutritional 

quality of the diet of post-menopausal women to a 

greater extent that Ca alone

Devine et al (1996) Am J Clin Nutr 64:731-737



Acid etched holes in osteoporotic 

bone?

Bone ‘dissolving’ foods:
Parmesan cheese 34.1

Turkey Breast 9.9

Spaghetti noodles 6.5

Milk chocolate 2.4

Fox D.  Hard Cheese.  New Scientist 2001;2329:42-45

New et al.  Hold the soda.  New Scientist 2002;2330:54-55.

Bone ‘sparing’ foods:
Oranges -2.7

Tomatoes -3.1

Bananas -5.5

Spinach -14.1



Potential Renal Acid Loads 

(PRAL) of  Foods

Food Group PRAL

Cheese with high protein content 23.6

Meat & meat products 9.5

Bread 3.5

Milk & non-cheese products 1.0

Vegetables -2.8

Fruits -3.1

Remer & Manz  J Am Diet Assoc 1994;95:791-797
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Vitamin D Research 



Why is vitamin D so important? 

#Surreyinreview 

Vitamin D is absolutely critical to health 

Children Rickets  

Adults Osteomalacia; osteoporosis

Heart Disease

Diabetes

Cancer 

TB

The Common Cold!

In the UK, we can only make vitamin D between April to September

British Winter is a huge challenge for vitamin D health!



Why is vitamin D so important? 
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New meta-analysis linking low vitamin D status to the common cold

The Independent 16/02/17



Innovations – Public health policy

Vitamin D
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UK Vitamin D Reports

Remit and Focus
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2007 2016

Public Health England’s New 

Vitamin D Recommended 

Intakes was published on 21st

July 2016 



Innovations – Public health policy

Vitamin D

Age group DRI NEW
(Institute of  Medicine, 2010)

RNI 
(Department of Health, 1991)

0-6 months 15 μg (600 IU) 8.5 μg (340 IU)

7 mo - 3 y 15 μg (600 IU) 7 μg (280 IU)

4 - 50 years 15 μg (600 IU) 10 μg

51 - 64 years 15 μg (600 IU) 10 μg

65 – 70 years 20 μg (800 IU) 10 μg (400 IU)

71 + years 25 μg (1000 IU) 10 μg (400 IU)

New vitamin D 
requirements is 10 
μg/ 400IU per day 

This represents a 
significant challenge to 
the UK population since 
we would achieve no 
more than 3.5 μg/
140IU per day



Sources of vitamin D
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You can buy vitamin D supplements
in all chemists and supermarkets



Sources of vitamin D
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YES – but the 

content is not as 

high as in other 

foods.

TIP – put your 

mushrooms in 

the sun!



Vitamin D

When  your shadow is longer than 
your height . . . . . 

You make no vitamin D



Innovations – D-FINES Study (£0.7M, FSA funded)

Vitamin D

Aim:
Effect of diet and 
sunlight on vitamin 
D status. 

Outcome:
Extensive vitamin D 
issues in white 
Caucasian and South 
Asian populations.

Impact:
Informed DoH, PHE; 
Led to new 
significant funding 
from BBSRC.

http://www.google.co.uk/url?sa=i&source=images&cd=&docid=-2O7sfXQ4ClUKM&tbnid=tr3-m4cbHaXTmM:&ved=0CAgQjRwwAA&url=http://www.dudley.gov.uk/business/environmental-health/food-safety/food-alert/&ei=jm97UqGEH_Cg0wXsh4DYDg&psig=AFQjCNHcbICn_qM-xoYAHKAHyXL07W1gKQ&ust=1383907598545242


Vitamin D

Innovations – D2 v D3 Study (£0.75M, BBSRC DRINC I)

Aim:
Does it matter if you 
give vitamin D2 
(plant source) or 
vitamin D3 (animal 
sources)?

Outcome:
Vitamin D3 was 50% 
better at raising 
vitamin D levels in  
white Caucasian and 
South Asian 
populations.

Impact:
Key information for DoH, PHE and the food
industry…

Led to exciting bid for further significant funding 
from BBSRC DRINC II.



Application BBSRC DRINC II (£0.85M)  NOT FUNDED

The D-FORTISBI Study

Vitamin D Fortification of Staple Foods: A Systems Biology Approach to 

Improving Vitamin D Status in the UK population

Bread & Dairy Vitamin D Fortification including Chapatti Flour 

Caucasian, South Asian & Black African-Caribbean populations

Systems Biology Approach – Gene Expression & Epigenetics

Cost-effectiveness Analysis of Vitamin D Fortification 

Detailed Dissemination of Vitamin D Fortification Strategies

#Surreyinreview 



Innovations – HM Submarines (£0.5M)

Vitamin D

Aim:
To provide evidence of 
the nutritional issues 
in the health of British 
Sub-Mariners. Focus 
on vitamin D.

Outcome:
Largest study ever 
conducted in the world 
on submarines.  
Involves 300 
Submariners on 4 
boats.

Impact:
Will change MoD Policy.  Report 
currently with 
Surgeon General. Strong Impact 
Case for REF 2020. 



Stress fractures (SF) 
are a problem 
during military 
training

– High impact repetitive 
physical activity

– Intense activity over short 
time period

© Crown Copyright

© Crown Copyright



Innovations – Royal Marines Commando (£1.2M)

Vitamin D

Aim:
To undertake a 
vitamin D 
supplementation 
study in 5000 RM 
Marines for stress 
fracture prevention. 

Outcome:
Largest study ever 
conducted in the 
world on vitamin D in 
Military Personnel.  
Funded until 2020.

Impact:
Will change MoD Policy - all 
British Military Personnel will 
be offered vitamin D if proves 
successful. Strong Impact Case 
for REF 2020.
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Other key nutrients



Sodium high intakes

Practical 

advice

• Encourage 

adherence to 

salt reduction 

targets

• Achieve 

‘balance’ 

(potassium, 

bicarbonate, 

calcium)



How important good nutrition is to health! –



Questions


