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Abstract
Objective: The current study aimed to assess the relationship between protein
intake and bone parameters among dynapenic-obese older adults.
Design: The current study is a secondary analysis with an a posteriori and explor-
atory design.
Setting: Subjects were recruited from the community via social communication
(flyers and meetings in community centres) in the Great Montreal area.
Participants: Twenty-six subjects were divided a posteriori into two groups
according to their usual protein intake: PROT−: < 1 g/kg per d (n 13; women:
53·8 %; 66·5 (SD 3·3) years) and PROTþ: > 1·2 g/kg per d (n 13; women:
61·5 %; 67·2 (SD 2·7) years).
Results: Both groups were comparable for age (PROT−: 66·5 (SD 3·3) v. PROTþ:
67·2 (SD 2·7) years, P= 0·61) and gender (women: PROT−: n 7; 53·8 % v.
PROTþ: n 8; 61·5 %, P= 0·69). The PROT− group had a higher marrow area
(P = 0·049), a greater bone compressive strength (P= 0·048) and a larger total bone
area (P= 0·045) than the PROTþ group. However, no significant difference
between the two groups was observed regarding body composition (fat and lean
masses) or muscle composition.
Conclusions:A lower protein intake seems to be associated with bone sizes, which
influence bone strength, but do not influence bone density among dynapenic-
obese older people.
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Loss of bone mineral density (BMD) increases the risk for
fractures, falls, limitation of mobility and disabilities(1).
Some authors suggest that bone architecture is a better pre-
dictor of fractures and falls than BMD(2). There are also
striking relationships between loss of muscle mass (sarco-
penia) or strength (dynapenia) and osteoporosis, leading to
similar health consequences (falls and fracture)(3).
However, the impact of obesity on bone parameters is still
controversial(4). Effectively, studies indicate that the posi-
tive effects of body weight on BMD cannot counteract

the detrimental effects of obesity on bone parameters(4).
Nutrition and more specifically sufficient protein intake is
also necessary for the growth, maintenance and proper
functioning of the musculoskeletal system with age(5).
Therefore, we aimed to assess the influence of protein
intake on BMD and bone architecture among dynapenic-
obese older adults. Based on previous research conducted
in other populations (e.g., people with/without chronic
kidney disease(6)) we hypothesised that higher protein
intake led to higher BMD and better bone architecture in
this specific population.
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Methods

Study design and population
The current study is a secondary analysis from a double
blinded randomised trial(7), with an a posteriori and explor-
atory design. A sample of twenty-six older adults
(≥ 60 years), obese (fat (%): men > 25; women: > 35)
and dynapenic (grip strength/body weight: men < 0·61;
women < 0·44 kg/kg), with no cognitive impairment
(MoCA > 26) were enrolled in the main study and divided
a posteriori into two groups according to their initial
protein intake: PROT−: < 1 g/kg per d (n 13) and
PROTþ: > 1·2 g/kg per d (n 13). Baseline data were used
to perform this secondary analysis.

Measurements
The following measurements were performed and
described in detail by Buckinx et al.(7).

Lifestyle habits data
Dietary intake (using the 3-d food dairy method)(8) and the
number of steps (7 d; using the SenseWear®Mini Armband
tri-axial accelerometer)(9) were recorded.

Body composition
BMI (body mass (kg)/height (m2)), waist circumference
(cm) and body composition (total, gynoid, android, legs
and arms fat masses; total, legs, arms and appendicular lean
masses; total, hip and spine bone density; T-score) using
dual-energy X-ray absorptiometry (GE Prodigy Lunar)
were measured.

Muscle composition and bone architecture composition
Muscle composition (area, fat content) and bone architec-
ture (not only total, cortical, trabecular and marrow area or
density but also bone compressive strength, torsion
strength and bending strength) were assessed using a high
resolution peripheral quantitative computed tomography
(Stratec XCT3000). Formuscle area, density and subcutane-
ous fat area, precision errors ranges are reported to be
between 2·1 and 3·7 %, 0·7 and 1·9 %, and 2·4 and 6·4 %,
respectively and for intramuscular adipose tissue (IMAT)
area, the less accurate measure, varying from 3 to 42 %(10).

Muscle strength and muscle power
Maximum voluntary upper limb muscle strength using a
Lafayette© hand dynamometer(9), maximal isometric lower
limb muscle strength using a strain gauge system attached
to a chair(11) and lower limb muscle power (N) using the
Nottingham Leg Extensor Power rig© were measured(12).
Muscle strengthwas expressed in absolute (kg) and relative
(/body weight).

Functional and aerobic capacities
The 3-m TimedUp&Go (walking speed; m/s)(13), unipedal
balance test (60 s; s)(14), chair stand(15) and step tests(16)

(lower-body function) were used to capture the functional

capacities. Mobility and aerobic capacities were assessed
using the 6-min walking test(17).

Statistical analysis
Data were presented as median and percentiles (P25–P75).
An independent t test or non-parametric Mann–Whitney
test was used, when appropriate, to identify between-
group baseline differences. The χ2 test or Fisher test was
used to compare frequency of observations between
groups. All statistical analyses were performed using
SPSS 25.0 (P< 0·05: significant).

Results

Participants
Both groups were comparable for age (PROT−: 67 (66–68)
v. PROTþ: 67 (66–68) years, P = 0·61), gender (women:
PROT−: n 7; 53·8 % v. PROTþ: n 8; 61·5 %, P= 0·69) and
MoCA score (PROT−: 28 (27–29) v. PROT−: 28 (28–
29), P= 0·79).

By design, protein intake was significantly lower in the
PROT− group than in the PROTþ group (0·78 (0·76–0·86)
v. 1·42 (1·31–1·53) g/kg per d; P< 0·001) but also lipids
(57·2 (49·0–77·9) v. 90·5 (77·2–95·1) g/d; P < 0·003).
Carbohydrates, Ca and vitamin D were similar between
groups. Physical activity level was comparable and both
groups were sedentary (number of steps < 7500).

Body composition and muscle composition
No significant difference between the two groups was
observed regarding body composition (fat and lean
masses) or muscle composition (Table 1).

Bone architecture and density
As shown in Fig. 1,marrow areawas greater in PROT− than
in PROTþ (155 (114–159) v. 100 (65·3–119) mm2;
P = 0·049). Bone compressive strength was significantly
stronger in the PROT− group than in the PROTþ group
(3090 (2709–3496) v. 2666 (2207–2936) mm2; P = 0·048).
The PROT− group displayed a higher total bone area
compared with the PROTþ group (626 (574–688) v. 568
(501–615) mm2; P= 0·045). No other difference in bone
architecture or bone density was found.

Muscle strength and power
Absolute and relative muscle strength and muscle power
were comparable between the two groups (Table 1).

Functional and aerobic capacities
No difference between groups was found for functional
and aerobic capacities (Table 1).
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Discussion

Despite the low statistical power of the current study, the
results suggest that a lower protein intake, but higher than
RDA, protects more bone architecture but does not influ-
ence bone density among dynapenic-obese older people.
The heterogeneity of the population (i.e., very older adults
aged 85 years or older(18) v. young older adults in the
present study), as well as the type of population (malnour-
ished, frail or osteoporotic(2) v. healthy adult in the present
study) and the difference in study design (i.e., position
paper(5), longitudinal study(18) v. cross-sectional analysis
in the present study) can explain the discrepancies
between our conclusion and those from others. Another

explanation is that our sample included men and women,
whereas Scott et al. showed that only dynapenic-obese
men and not women presented more risk of bone deterio-
ration than others(19). Nevertheless, we cannot investigate
these hypotheses since our sample is too small. Finally,
the bone health status of our population (without osteopo-
rosis) could have influenced the results of this research.
Some limitations are to be emphasised and can explain
our conclusion. First, there is a risk of false positive because
of the large number of bivariable comparisons performed.
Then, the design of the study (i.e., cross-sectional study)
does not allow us to establish causal links and the sample
size also limits the external validation of the results. Others
limitations are the lack of accuracy of the 3-d food diary

Table 1 Body profile, body composition, bone parameters (assessed by DXA), muscle composition (assessed by pQCT), bone architecture
(assessed by pQCT) and muscle strength and power of the participants, according to the groups*,†

Variables

PROT– (n 13) PROTþ (n 13)

PMedian Percentiles (P25–P75) Median Percentiles (P25–P75)

Body profile and body composition
BMI (kg/m) 32·5 29·2–32·9 29·2 27·6–31·2 0·13
Waist circumference (cm) 108 101·5–114·5 102 95·7–108·5 0·09
Total fat mass (%) 40·8 39·4–45·1 39·9 36·5–40·8 0·25
Legs fat mass (%) 39·7 31·5–47·2 40·4 33·3–43·6 0·96
Android fat mass (%) 50·9 48·3–54·5 49·2 42·7–23·1 0·17
Total lean mass (kg) 45·9 40·9–52·7 43·7 36·2–50·6 0·43
Legs lean mass (kg) 16·1 14·5–18·7 15·2 13·3–18·1 0·52
Appendicular lean mass (kg) 21·3 16·9–25·3 20·3 18·8–25·1 0·63

Bone parameters
Total BMD (g/cm) 1·15 1·11–1·29 1·16 1·03–1·28 0·72
T-score total (%) −0·1 0·8–1·4 −0·15 −1·2–0·7 0·72
Non-osteopenic prevalence 1·00
% 85 85
n 11 11

Hip bone density (g/cm) 1·07 0·93–1·15 0·94 0·79–1·11 0·15
T-score hip (%) 0 −0·6–0·5 −0·4 −1·9–0·1 0·18
Non-osteopenic prevalence 0·66
% 77 69
n 10 9

Spine bone density (g/cm) 1·16 0·98–1·28 1 0·89–1·19 0·33
T-score spine (%) −0·2 −1·4–0·9 −1·7 −2·5–0·2 0·29
Non-osteopenic prevalence 0·69
% 69 54
n 9 7

Muscle composition
Total muscle area (cm2) 105·9 90·6–120·6 94·5 71·4–114·4 0·52
Total fat area (cm2) 101·7 69·9–120·2 90·2 64·9–104·2 0·70
Subcutaneous fat area (cm2) 75·3 63·7–110·6 84·6 58·9–98·8 0·94
Intra-muscular fat area (cm2) 5·55 3·48–7·74 5·24 4·02–6·78 0·94

Bone architecture
Cortical area (mm2) 383 363–439 370 344–400 0·46
Trabecular area (mm2) 242 171–288 165 159–236 0·10
Bone marrow density (mg/cm) 27·2 21·8–33·7 27·3 26·3–38·2 0·46
Cortical density (mg/cm) 1093 1081–1108 1090 1058–1099 0·70
Total bone density (mg/cm) 690 624–745 743 703–763 0·21
Torsion strength (mm4) 53 316 46 274–64722 50 073 39 697–53 469 0·19
Bone strength index (g2/cm) 3·07 2·76–3·6 3·34 2·67–3·43 0·96

Muscle strength and power
Relative upper limb muscle strength (kg/kg BW) 0·34 0·31–0·39 0·38 0·35–0·48 0·15
Relative lower limb muscle strength (kg/kg BW) 4·56 3·7–4·79 4·16 3·31–4·58 0·61
Muscle power (n) 122 109–166 133 101–179 0·11

PROT−: protein intake < 1 g/kg per d; PROTþ: protein intake > 1·2 g/kg per d; BMD, bone mineral density; DXA, dual-energy X-ray absorptiometry; pQCT, peripheral
quantitative computed tomography.
*P-values obtained using Mann–Whitney test.
†P≤ 0·05: significant differences.
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Fig. 1 (a) Bonemarrow area (mm2), (b) bone compressive strength (SSI,mm2) and (c) bone total area (mm2), according to protein intake (PROT−:< 1 g/kg per d v. PROTþ:> 1·2 g/kg per
d) among dynapenic-obese older people. *P-value< 0·05
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method, and the fact that confounding variables could not
be adjusted. Finally, confounding factors were not taken
into account in the analysis, such as age, sex, and in the
case of women, time elapsed sincemenopause and hormo-
nal replacement.

In conclusion, in non-osteoporotic dynapenic-obese
young older adults, a lower protein intake seems to be
associated with bone sizes, which influence bone strength,
but do not influence bone density.

Acknowledgements

Acknowledgements: The authors would like to thank all
study participants. Financial support: F.B. is funded by
IRSC and FRQS post-doctoral fellowships, A.B. is funded
by IRSC and FRQS master fellowships. M.A.-L. is recipient
of Chercheur Boursier salary awards from the FRQS. This
work was supported by grants from the FRQS, the
Réseau Québécois de Recherche sur le Vieillissement, a
thematic network funded by FRQS and the Groupe de
Recherche en Activité Physique Adaptée – Université du
Québec à Montréal. Conflict of interest: The authors
declare that they have no conflict of interest. Authorship:
M.A.L. and P.N. conceived the original idea. E.P. and
A.B. collected the data. F.B. and P.N. performed the statis-
tical analyses. F.B. wrote the manuscript. M.A.L., P.N., E.V.
and A.B. revised the manuscript. M.A.L. and P.N. super-
vised the project. Ethics of human subject participation:
The current study was conducted according to the guide-
lines laid down in the Declaration of Helsinki and all pro-
cedures involving research study participants were
approved by the Ethics Committee of the Université du
Québec à Montréal. Written informed consent was
obtained from all subjects/patients.

References

1. Padilla Colon CJ, Molina-Vicenty IL, Frontera-Rodriguez M
et al. (2018) Muscle and Bone Mass Loss in the Elderly
Population: advances in diagnosis and treatment. J Biomed
3, 40–49.

2. Durosier-Izart C, Biver E, Merminod F et al. (2017) Peripheral
skeleton bone strength is positively correlated with total and
dairy protein intakes in healthy postmenopausal women.Am
J Clin Nutr 105, 513–525.

3. Reginster JY, Beaudart C, Buckinx F et al. (2016)
Osteoporosis and sarcopenia: two diseases or one? Curr
Opin Clin Nutr Metab Care 19, 31–36.

4. Shapses SA, Pop LC&Wang Y (2017) Obesity is a concern for
bone health with aging. Nutr Res 39, 1–13.

5. Bauer J, Biolo G, Cederholm T et al. (2013) Evidence-based
recommendations for optimal dietary protein intake in older
people: a position paper from the PROT-AGE Study Group. J
Am Med Directors Assoc 14, 542–559.

6. Lee CL & Tsai SF (2020) The impact of protein diet on bone
density in people with/without chronic kidney disease: an
analysis of the National Health and Nutrition Examination
Survey database. Clin Nutr 39, 3497–3503.

7. Buckinx F, Gouspillou G, Carvalho LP et al. (2018) Effect of
high-intensity interval training combined with l-citrulline
supplementation on functional capacities and muscle func-
tion in dynapenic-obese older adults. J Clin Med 7, 561.

8. Luhrmann PM, Herbert BM, Gaster C et al. (1999) Validation
of a self-administered 3-day estimated dietary record for use
in the elderly. Eur J Nutr 38, 235–240.

9. Brazeau AS, Beaudoin N, Belisle V et al. (2016) Validation
and reliability of two activitymonitors for energy expenditure
assessment. J Sci Med Sport 19, 46–50.

10. Frank-Wilson AW, Johnston JD, Olszynski WP et al. (2015)
Measurement of muscle and fat in postmenopausal women:
precision of previously reported pQCT imaging methods.
Bone 75, 49–54.

11. Riggs BL, Wahner HW, Dunn WL et al. (1981) Differential
changes in bone mineral density of the appendicular and
axial skeleton with aging: relationship to spinal osteoporosis.
J Clin Investig 67, 328–335.

12. Bassey EJ & Short AH (1990) A new method for measuring
power output in a single leg extension: feasibility, reliability
and validity. Eur J Appl Physiol Occup Physiol 60, 385–390.

13. Podsiadlo D & Richardson S (1991) The timed “Up & Go”: a
test of basic functional mobility for frail elderly persons. J Am
Geriatrics Soc 39, 142–148.

14. Springer BA,Marin R, Cyhan T et al. (2007) Normative values
for the unipedal stance test with eyes open and closed. J
Geriatric Phys Ther (2001) 30, 8–15.

15. Yanagawa N, Shimomitsu T, Kawanishi M et al. (2016)
Relationship between performances of 10-time-repeated
sit-to-stand and maximal walking tests in non-disabled older
women. J Physiol Anthropol 36, 2.

16. Chung MM, Chan RW, Fung YK et al. (2014) Reliability and
validity of Alternate Step Test times in subjects with chronic
stroke. J Rehabil Med 46, 969–974.

17. ATS Committee on Proficiency Standards for Clinical
Pulmonary Function Laboratories (2002) ATS statement:
guidelines for the six-minute walk test. Am J Respir Crit
Care Med 166, 111–117.

18. Granic A, Mendonca N, Sayer AA et al. (2018) Low
protein intake, muscle strength and physical performance
in the very old: the Newcastle 85þ Study. Clin Nutr 37,
2260–2270.

19. Scott D, Blizzard L, Fell J et al. (2010) Associations between
dietary nutrient intake and muscle mass and strength in com-
munity-dwelling older adults: the Tasmanian Older Adult
Cohort Study. J Am Geriatrics Soc 58, 2129–2134.

Dynapenic-obesity: protein and bone 1295

https://doi.org/10.1017/S1368980020005224 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020005224

	Relationship between protein intake and bone architecture or bone mineral density among dynapenic-obese older adults
	Methods
	Study design and population
	Measurements
	Lifestyle habits data
	Body composition
	Muscle composition and bone architecture composition
	Muscle strength and muscle power
	Functional and aerobic capacities

	Statistical analysis

	Results
	Participants
	Body composition and muscle composition
	Bone architecture and density
	Muscle strength and power
	Functional and aerobic capacities

	Discussion
	Acknowledgements
	References


