Edith Cowan University

Research Online
ECU Publications Post 2013
1-1-2020

Limitations of the Digestible Indispensable Amino Acid Score
(DIAAS) and choice of statistical reporting. Comment on “A
comparison of dietary protein digestibility, based on DIAAS
scoring, in vegetarian and non-vegetarian athletes. Nutrients
2019, 11, 3106”
Angela Genoni
Edith Cowan University, a.genoni@ecu.edu.au

Joel C. Craddock
Emma Strutt

Follow this and additional works at: https://ro.ecu.edu.au/ecuworkspost2013
Part of the Medicine and Health Sciences Commons
10.3390/nu12041183
Genoni, A., Craddock, J. C., & Strutt, E. F. (2020). Limitations of the Digestible Indispensable Amino Acid Score
(DIAAS) and choice of statistical reporting. Comment on “A comparison of dietary protein digestibility, based on
DIAAS scoring, in vegetarian and non-vegetarian athletes. Nutrients 2019, 11, 3106”. Nutrients, 12(4), 1183.
https://doi.org/10.3390/nu12041183
This Response or Comment is posted at Research Online.
https://ro.ecu.edu.au/ecuworkspost2013/8155

nutrients
Comment

Limitations of the Digestible Indispensable Amino
Acid Score (DIAAS) and Choice of Statistical
Reporting. Comment on “A Comparison of Dietary
Protein Digestibility, Based on DIAAS Scoring,
in Vegetarian and Non-Vegetarian Athletes.
Nutrients 2019, 11, 3106”
Angela Genoni 1, * , Joel C Craddock 2 and Emma F Strutt 3
1
2
3

*

School of Medical and Health Sciences, Edith Cowan University, 270 Joondalup Drive,
Joondalup 6027, Australia
School of Medicine, Faculty of Science Medicine and Health, University of Wollongong,
Wollongong 2500, Australia; jcc256@uowmail.edu.au
Doctors for Nutrition, 6 Todd St, Port Adelaide 5015, Australia; greenstuffnutrition@gmail.com
Correspondence: a.genoni@ecu.edu.au

Received: 28 January 2020; Accepted: 4 February 2020; Published: 23 April 2020




Dear Editor,
We read with great interest the recent article by Ciuris et al. [1]; however, we feel that the authors’
conclusions suggesting vegetarian athletes may need to consume an extra 10–22 g of protein per day
may be disingenuous.
The absence of fruit and vegetable food groups in the DIAAS analyses would have skewed the
results, as vegetarians consume a considerable amount of these foods and, importantly, obtain a greater
amount of total energy from these foods compared with non-vegetarians [2,3]. In the Adventist Health
Study-2 (AHS-2), vegetarians consumed a combined total of 704.2 g of fruit and vegetables per day [2].
As fruit and vegetables can range in protein from 0.5–1.1 and 0.1–4.9 g per 100 g, respectively [4],
it is likely fruit and vegetable intake would provide substantial and clinically relevant quantities of
digestible protein in vegetarian diets. Furthermore, vegetarians consume more legumes, soya foods,
meat analogues, nuts, seeds and wholegrains compared to non-vegetarians [2,3] which are generally
poorly represented in the DIAAS calculation spreadsheet.
The majority of DIAAS modelling has been carried out in animal models using raw foodstuffs,
without heat treatment [5]. It is acknowledged that cooking techniques can increase protein digestibility
with the combination of fermentation and cooking increasing the digestibility of grain protein to a level
near to that of meat [5,6]. In the context of exercise, DIAAS analyses do not consider the metabolic
demand for protein in athletes. Physical activity can directly affect the digestibility of dietary protein,
lowering the amount required to provoke anabolic effects compared to that required in sedentary
states [7]. Interestingly, despite the authors’ suggestions for increased protein intake for vegetarian
athletes, the current evidence shows no difference in performance outcomes between dietary groups [8].
For a cross-sectional study, it is statistically erroneous to compare strength differences between
groups without adjustment for age, gender, energy intake and lean body mass. The statistical
methods should have included multivariate analyses including age, energy intake and lean body
mass as covariates, as these are known confounding variables [9]. The erroneous statistical methods
may have led to inflated conclusions around increased lean body mass in omnivorous participants.
The stratification of plant protein intake into animal protein vs. plant protein, including vegetable
intake, may also provide a more accurate picture of the impact of dietary intake on muscle strength.
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Considering the absence of fruit and vegetables from the DIAAS analyses, the limitations with
the DIAAS and athletes, and flawed statistical reporting, it is highly likely that the additional 10–22 g
of protein required daily for vegetarian athletes to achieve an intake of 1.2–1.4 g/kg/day reported by
Ciuris et al. would substantially decrease or disappear completely.
Author Contributions: A.G., J.C.C. and E.F.S. were all involved in writing and reviewing the paper. All authors
have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Conflicts of Interest: No conflicts of interest.

References
1.
2.
3.

4.
5.

6.

7.

8.
9.

Ciuris, C.; Lynch, H.M.; Wharton, C.; Johnston, C.S. A Comparison of Dietary Protein Digestibility, Based on
DIAAS Scoring, in Vegetarian and Non-Vegetarian Athletes. Nutrients 2019, 11, 3016. [CrossRef] [PubMed]
Orlich, M.J.; Jaceldo-Siegl, K.; Sabaté, J.; Fan, J.; Singh, P.N.; Fraser, G.E. Patterns of food consumption among
vegetarians and non-vegetarians. Br. J. Nutr. 2014, 112, 1644–1653. [CrossRef]
Papier, K.; Tong, T.Y.; Appleby, P.N.; Bradbury, K.E.; Fensom, G.K.; Knuppel, A.; Perez-Cornago, A.;
Schmidt, J.A.; Travis, R.C.; Key, T.J. Comparison of Major Protein-Source Foods and Other Food Groups in
Meat-Eaters and Non-Meat-Eaters in the EPIC-Oxford Cohort. Nutrients 2019, 11, 824. [CrossRef]
Slavin, J.L.; Lloyd, B. Health benefits of fruits and vegetables. Adv. Nutr. 2012, 3, 506–516. [CrossRef] [PubMed]
Burd, N.A.; Beals, J.W.; Martinez, I.G.; Salvador, A.F.; Skinner, S.K. Food-First Approach to Enhance the
Regulation of Post-exercise Skeletal Muscle Protein Synthesis and Remodelling. Sports Med. 2019, 49, 59–68.
[CrossRef] [PubMed]
Nkhata, S.G.; Ayua, E.; Kamau, E.H.; Shingiro, J.B. Fermentation and germination improve nutritional value
of cereals and legumes through activation of endogenous enzymes. Food Sci. Nutr. 2018, 6, 2446–2458.
[CrossRef] [PubMed]
Burd, N.A.; McKenna, C.F.; Salvador, A.F.; Paulussen, K.; Moore, D.R. Dietary Protein Quantity, Quality, and
Exercise Are Key to Healthy Living: A Muscle-Centric Perspective Across the Lifespan. Front. Nutr. 2019, 6,
83. [CrossRef] [PubMed]
Craddock, J.C.; Probst, Y.C.; Peoples, G.E. Vegetarian and omnivorous nutrition—Comparing physical
performance. Int. J. Sport Nutr. Exerc. Metab. 2016, 26, 212–220. [CrossRef] [PubMed]
Wu, F.; Wills, K.; Laslett, L.; Oldenburg, B.; Jones, G.; Winzenberg, T. Associations of dietary patterns with
bone mass, muscle strength and balance in a cohort of Australian middle-aged women. Br. J. Nutr. 2017, 118,
598–606. [CrossRef] [PubMed]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

