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Source: Based on information from the International Osteoporosis Foundation, 2015 - 2016.

All Cigna products and services are provided exclusively by or through operating subsidiaries of Cigna Corporation,
The Cigna name, logo and other Cigna marks are owned by Gigna Intellectual Property, Inc. © 2016 Cigna Cigna.com
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The Association Between Protein Intake (by Source) and Bone Strength Parameters from High Resolution Peripheral Quantitative Computed Tomography

(HR-pQCT) of the Distal Radius.

Distal Radius

Base Model

Multivariate model

Dairy protein

Non-dairy animal protein

Plant protein

Dairy protein

Non-dairy animal protein

Plant protein

Failure load 0.15 (0.05, 0.25) 0.06 (~0.01, 0.13) 0.00 (=0.11.0.11) 0.17 (0.07, 0.27) 0.07 (0.00, 0.13) 0.03 (-0.09. 0.14)
BMD 0.18 (0.08, 0.28) 0.07 (0.01,0.14) 0.04 (-0.08. 0.16) 0.20 (0.11, 0.30) 0.07 (0.01,0.13) 0.02 (-0.09, 0.14)
Total area ~0.10 (~0.20, 0.00) ~0.05 (=0.12, 0.02) ~0.12 (-0.24, -0.01) | ~0.10 (~0.19, -0.01) ~0.03 (=0.09, 0.03) ~0.06 (~0.16, 0.05)
Trabecular BMD 0.13 (0.03, 0.23) 0.03 (~0.04. 0.10) 0.03 (-0.09. 0.14) 0.14 (0.04, 0.24) 0.03 (~0.04. 0.10) 0.04 (-0.07. 0.16)
Trabecular area -0.13 (-0.23,-0.03) ~0.07 (-0.14, 0.00) ~0.11(-022.001) | —0.15(~0.24, -0.05) ~0.06 (-0.12, 0.00) -0.07 (=0.18. 0.04)
Trabecular number 0.12 (0.02, 0.22) 0.00 (~0.07, 0.07) 0.01(=0.12.0.11) 0.12 (0.02, 0.22) 0.01 (0.06. 0.08) 0.02 (-0.10,0.13)
Trabecular thickness |  0.12 (0.02, 0.22) 0.04 (~0.03,0.11) 0.07 (-0.04, 0.19) 0.13 (0.03, 0.24) 0.04 (-0.03.0.11) 0.07 (~0.04,0.19)
Cortical BMD 0.18 (0.08, 0.27) 0.07 (0.01, 0.14) 0.08 (=0.03, 0.19) 0.20 (0.11, 0.30) 0.07 (0.00, 0.14) 0.07 (=0.05, 0.18)
Cortical area 0.14 (0.05, 0.24) 0.08 (0.02, 0.15) ~0.07(-0.18.0.04) | 0.17(0.07,0.27) 0.09 (0.02, 0.15) ~0.05 (~0.16. 0.07)
Cortical thickness 0.15 (0.05, 0.25) 0.09 (0.02,0.16) -0.02(-013.0.10) | 0.17(0.07, 0.27) 0.09 (0.02, 0.15) -0.05 (=0.16. 0.07)
Cortical porosity -0.02 (-0.12. 0.08) 0.00 (~0.07, 0.07) ~0.02(-0.13.0.10) | —0.03 (~0.14.0.07) -0.02 (~0.09. 0.05) ~0.04 (~0.15. 0.08)

¥
Effect size (beta coefficient with unit=SD). Protein measured as percentage of total energy mtake (TEI). SD=2 9% TEL

Base model adjusted for age. clinical center. total calornes

Multivariate model adjusted for age. clinical center, total calones, limb length, education. race/ethnicity. mantal status. smoking. alcohol intake. physical activity level. corticosteroid use. supplement use
(calcium and vitamin D), and osteoporosis medications.
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Table 3 Bone

Control Pre Control Post High-Protein Pre high-Protein Post
Bone Mineral Content (kg J474035 J474034 2554038 153040
Bone Mineral Density (g/cmz) .22+008 1224009 1.2540.11 1244010
Total Body T-Score 14410 1321, 1./413 7413
umbar Bone Mineral Content (grams) 658416, 6454103 696489 716498
umbar Bone Minera Densiy (g/cm’) 1064016 10540.13 107401 1081012
umbar T-Score 0315 0041 02410 03t1]

Data are expressed as the mean£SD. n=12 for both control and high-protein groups. There were no significant differences within or between groups. Legend: cm
centimeter, g grams, kg kilograms, The T-score is the number of standard deviations that one’s bone mineral density is above or below the average, Scale for T-
score; -1 and above is normal, Between -1 and -2.5 is osteopenia, -2.5 or below is osteoporosis
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O Dairy protein Non-dairy animal protein = Plant protein
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e

Figure 2.
The Cross-sectional Association between Protein Intake (Dairy, Non-dairy Animal., Plant) as

% TEI and Year 5 BMD (TotalHip and Lumbar Spine) adjusted for BMI1

Data are shown as betas and error bars indicate the range of the 95%6 CI1. Regression analysis
done with standardized variables, dairy protein: 1 SID=2.3%6 TEIL, non-dairy animal protein:

1 SD=1.9% TEI. plant protein: 1 SD=1.5% TEI. All models adjusted for age. height., TEI,
center, education, smoking., alcohol intake, physical activity, sedentary hours., calcium and
vitamin D supplement use., hormone therapy (women 50+ y)., bisphosphonate use (50+ y),

and diagnosis of ostecoporosis (50+ y).
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Figure 2.

The Cross-sectional Association between Protein Intake (Dairy, Non-dairy Animal, Plant) as

% TEI and Year 5 BMD (TotalHip and Lumbar Spine) adjusted for BMI

Data are shown as betas and error bars indicate the range of the 95%6 CI. Regression analysis
done with standardized variables, dairy protein: 1 SD=2.3%6 TEIL, non-dairy animal protein:

1 SD=1.9% TEI, plant protein: 1 SD=1.5%26 TEI. All models adjusted for age. height, TEIL,
center, education, smoking. alcohol intake., physical activity, sedentary hours. calcium and
vitamin D supplement use, hormone therapy (women 50+ vy). bisphosphonate use (50+ y),.

and diagnosis of ostecoporosis (50+ y).
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Table 2

Cross-sectional association between protein intake and BMD (g/cm™®) and BMC (g)

Total protein (g/d)
Model 1 ®

Model 2 ®

Animal protein (g/d) ©
Model 1

Model 2

Plant protein (g/d) *
Model 1

Model 2

Total protein (g/kg body weirght) <
Model 1

Model 2

Total BMNIT»

Total BMNIC

(53 SE P B SE ) 2

_0-01 0-01 O-794 _0-01 1-23 O-97TO
_0-11 0-01 O-185 _O-0S 207 O-480
_0-01 0-01 O-790 _0-01 1-23 0O-9TS8
_0-01 0-01 O-185 _O-0S 207 O-480
_O0-02 0-01 O-668 —O-02 3-3O O0-608
_0-01 0-01 O-790 _O-03 4-02 O-A87
_O-25 0-02 0-001 _O-26 T2-O <=O-001
_O-S51 0-03 <O-001 -7 10-61 =0-00 1

Abbreviations: BMD, bone mineral density. FN, femoral neck. LS, lumbar spine. TP, total protein. AP, animal protein. PP, plant protein. SE, standard error; a. Model 1 was adjusted for
age, total energy intake, height (cm), weight (ke) and study group; b. Model 2 was adjusted for vartables in model | plus dietary vitamin D, dietary calerum intake, self-reported vitamin D
and calcium supplementation, smoking status (current, former and nonsmokers), physical activity level (passive and active), hormone therapy use (never used, used), time since menopause
(vears); diseases and use of medications which affect BMD; ¢. Models for animal protein were also adjusted for plant protein intake. Models for plant protein were also adjusted for animal
protein ntake; d. Body weight was excluded from adjusted variables in analysis using protein as expressed per body weight due to high collinearity. However, result remained significant

even after controlling for body weight.



Table 4
Cross-sectional and prospective association of protein intake (g/kg body weight) and BMD (g/cm2) and BMC (g) according to
BMI category

EMI = 30 kgm2 (n=401) BMI = 30 kg/m? (in=151)

B SE | ] SE p
Lumbar spine BMD {g/cm?)
EBaseline -0-25 0-08 0-050 0-31 0-27 0-472
Change -0-31 0-02 0-01s -0-05 0-05 0-778
Femoral neck BMD (g/cm?)
Baseline -0-34 0-05 0-006 -0-12 0-27 0-776
Change 0-03 0-01 0-802 -0-01 0-04 0-940
Total EMD (g/cm?)
Baseline -0-38 0-04 0-002 0-28 0-17 0-518
Change 0-02 0-01 0-869 -0-19 0-05 0-694
Lumbar spine BMWC (g)
Baseline -0-16 4-42 0-191 0-22 16-183 0-525
Change -0-21 1-38 0-104 -0-19 2-88 0-314
Femoral neck BMC (=)
EBaseline -0-31 0-24 0-007 -0-23 1-41 0551
Change 0-12 0-08 0-209 0-09 0-30 0-601
Total BMC (g)
EBaseline -0-41 Q0.1 =0-001 -0-06 2722 0-877
Change -0-21 32-24 0-100 0-39 20-79 0425

Abbreviations: EMD - bone mineral density. BMC, bone mineral content; a. Model was adjusted for age, total energy intake, height, study group, dietary vitamin D and calcium intakes,
self-reported vitamin D and calcium supplementation, smoking status (current, former and nonsmokers), physical activity level (passive and active), hormone therapy use (never used,
used), time since menopause (years); diseases and use of medications which affect BMD and baseline BMD and BMC wvalues for longitudinal analysis.




Table 5
Cross-sectional and prospective association of protein intake (g/kg bodv weight) and BMD (g/cm2) and BMC (g) according to

physical activity level
Passive (in=211) Actve (m=341)
i SE o b SE |
Lumbar spine BMD (g/cm?®)
Baseline 0-01 0-16 0-963 -0-20 0-10 0-268
Change -0-43 0-02 0-003 0-23 0-02 0-047
Femoral neck BMD (g/cm?)
Baseline -0-26 0-06 0-041 -0-30 0-04 0-006
Change -0-16 0-02 0-264 0-13 0-01 0-467
Total BMD (g/cm®)
Baseline -0-11 0-07 0-590 -0-26 0-05 0-134
Change -0-07 0-01 0-678 0-024 0-01 0-882
Lumbar spine BMC (g)
Baseline 0-07 9-61 0-732 -0-10 5-90 0-578
Change -0-46 1-50 0-002 0-20 -40 125
Femoral neck BMC (g)
Baseline -0-22 0-30 0-036 -0-31 0-21 0-004
Change -0-02 0-14 0-840 0-21 0-08 0-049
Total BMC (g)
Baseline -0-05 2-47 0-788 -0-12 1-62 0-435
Change -0-11 55-40 0-545 0-24 38-72 0-146

Abbreviations: BMD, bone mineral density. BMC, bone mineral content; a. Model was adjusted for age, total enerey intake, height, weight, study group, dietary vitamin D and calcium

intakes, self-reported vitamin D and calcium supplementation, smoking status (current, former and nonsmokers), hormone therapy use (never used, used), ime since menopause (yvears);
diseases and use of medications which affect BMD and baseline BMD and BMC values for longitudinal analysis.
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Follow-up Higher  Lower Net

Study, Year (Ref) Population Time Protein n  Prolein n %Change (95% CI)
|

Jesudason 2013 (34) PM 2y 69 67 '0': 0.30 (-1.51, 2.11)

Kerstetter 2015 (35) Adults 15y 105 102 * % 0.01 (-3.56, 3.58)

Kukuljan 2009 (36) Men 1y 88 87 —I-— 0.92 (0.08, 1.75)

Sukumar 2011 (38) OWvobese, PM 1y 26 21 i -+ 1.60 (-0.42, 3.62)

Tirosh 2015 (26)  Adults 2y 210 214 e 0.25 (-0.35, 0.85)

Overall (I-squared = 0.0%, p = 0.579) <'V 0.52 (0.06, 0.97)
I
I
I
|

4 3 2 <1 0 1 2 3 4
Favor lower protein Favor higher protein
FIGURE 2 Effect of protein intake on lumbar spine bone mineral density. Weights are from random-effects analysis. Each gray box represents the individual
study’s effect estimate, and the horizontal line represents the 95% CI of the effect estimate. The diamond shape represents the meta-analysis pooled effect estimate
and its CI. A dotted vertical line displays the location of the meta-analysis pooled effect estimate. OWt, overweight; PM, postmenopausal women; Ref, reference.



Follow-up Higher Lower Net Change

Study, Year (Ref)  Population Time Protein n Protein n ng/L (95% CI)
Aoe 2005 (61) Menopausal women 6 mo 14 13 0.21 (~0.68, 1.10)
Bharadwa) 2009 (62) PM 6 mo 19 12 0.90 (-0.39, 2.19)
Holm 2008 (28) PM 6 mo 13 16 2.06 (-9.02, 13.14)
Jesudason 2013 (34) PM 2y 69 67 -0.70 (~1.35, -0.05)
Kerstetter 2015 (35) Adults 15y 61 60 0.41 (~0.49, 1.30)
Schirch 1998 (37) Recenthip Fx60+y1y 30 33 0.48 (-5.52, 6.48)
Sukumar 2011 (38) OWtobese, PM 1y 26 21 0.30 (~1.05, 1.65)
Tengstrand 2007 (25)Recent hip Fx, PM 1y 20 20 -4.20 (-10.01, 1.61)
Overall (I-squared = 27.2%, p = 0.211) 0.06 (~0.49, 0.60)
T
-12 -8 -4 16

Favor lower protem Favor hngher protein

FIGURE 5 Effect of protein intake on osteocalein. Weights are from random-effects analysis. Each gray box represents the individual study’s effect
estimate, and the horizontal line represents the 95% CI of the effect estimate. The diamond shape represents the meta-analysis pooled effect estimate and its
CI. A dotted vertical line displays the location of the meta-analysis pooled effect estimate. Fx, fracture; OWt, overweight; PM, postmenopausal women; Ref,
reference
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HIGH PROTEIN INTAKE
With Adequate Calcium: Good for Bones; With Low Calcium: Harmful to Bones
+300% - 280%
E:
; +100% - Calcium intake
é > . ' > 800 mg/day
c & Calcium intake
- -25% - < 800 mg/day
g, -50% -
@
g 75% -
100% - o

Figure 1 A diet that contains moderate amounts of fresh, lean, animal protein, when combined with adequate calcium intake,
promotes bone strength and reduces fracture risk. In contrast, high protein diet with inadequate calcium intake increases risk of
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