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Abstract

Dietary guidelines often combine plant and animal protein intake recommendations, yet
evidence suggests they may have distinct associations with health. This study aimed to examine
relationships between animal and plant protein intake, using different classification approaches,
and diet quality and obesity. Plant and animal protein contents of foods reported by 7637
participants (> 19 years) during the 2011-2012 National Nutrition and Physical Activity Survey
were estimated using Australian food composition databases. Usual animal, plant and total
protein intakes were estimated using Multiple Source Methods. Diet quality was assessed using
the 2013-Dietary Guidelines Index (DGI), and obesity measures included BMI and waist
circumference (WC). Multiple linear and logistic regressions were performed and adjusted for
potential confounders. Plant and animal protein intakes were positively associated with DGI
scores (plant protein: men, = 0-74 (95 % CI: 0-64, 0-85); women, # = 0-78 (0-67, 0-89); animal
protein: men, f=0-15 (0-12, 0-18); women, = 0-26 (0-22, 0-29)). These associations were
consistent when examining high-quality plant protein (high-protein-containing plant-based
foods with comparable nutritional values to animal proteins) and non-dairy animal protein
intakes. Plant protein intake was inversely associated with BMI and WC in men but not women.
Animal protein intake was positively associated with BMI in both sexes and WC in men only.
Men’s plant protein intake was inversely associated with obesity (OR = 0-97 (0-96, 0-99)) and
central obesity (OR = 0-97 (0-95, 0-98)). Further studies are needed to examine the influence of
different animal protein sources by accounting for energy intake and sex-specific associations.

Globally, four million deaths are related to overweight and obesity!", and this high mortality rate
is driven by comorbidities'”. In Australia, at least 67 % of adults were overweight/obese, with
more than half of them being men®. Both excessive weight and unhealthy diet largely accounted
for Australians’ poor health and preventable deaths, despite a set of recommendations for
obesity and disease prevention being outlined in the dietary guidelines®->.

Food-based dietary guidelines have been developed in many countries, but there are some
variations in messages relating to protein food sources. Firstly'®, animal protein sources were
mentioned in all dietary guidelines, but many of them separate dairy products from other
animal-source foods, which has been criticised for not accounting for dairy’s contribution to
animal protein intake(®”), Secondly, other guidelines combine animal and plant sources in their
protein message by grouping high-quality plant proteins, such as legumes and nuts, with meats
and other animal-source foods'®®). Nonetheless, animal and plant protein foods may benefit
human health differently due to their distinct nutrient contents®. Most animal protein sources
are rich in essential amino acids, Fe and vitamin B,,, whereas plant-based proteins contain more
fibre and flavonoids®. Furthermore, with current recommendations on transitioning to plant-
based diets for environmental sustainability!?), there is a need to investigate the differential
influences of animal and plant protein sources on population diet quality and obesity.

Several studies have suggested plant protein’s benefits for diet quality improvement and
obesity prevention, with less consistent findings for animal protein. Previous studies have found
that adults having a higher intake of plant protein or lower intake of animal protein had higher
overall diet quality!!~'3), Hoy et al.' also reported better diet quality scores among American
adults whose animal protein intake constituted less than half of their total protein intake.
However, overall diet quality scores were still low among those with higher plant protein intake,
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possibly due to the low intake of high-quality plant protein¥,
Similarly, plant protein was inversely associated with BMI and
abdominal obesity in some(!>1%), but not all studies'”'¥), whereas,
animal protein was positively correlated with BMI and other
metabolic risk factors!”).. However, in contrast, two studies!”:!®
found that higher animal protein intake was associated with lower
central adiposity and body weight. Given the inconsistent findings
for the associations between animal protein with diet quality and
obesity, further investigation is needed to understand the potential
distinct effects of plant and animal proteins, which can also be used
to inform dietary recommendations in relation to protein from
different food sources.

Dietary guidelines generally suggest consuming protein from a
wide range of plant and animal sources yet protein food selection
could vary depending on individual considerations of health
benefits, protein quality, sustainability and cultural factors®2?,
When considering health, it is also acknowledged that animal and
plant protein foods might have different effects due to different
nutrient profiles, such as amino acids, fibre and micronu-
trients>??). Understanding the differential influence of animal
and plant protein on diet quality and obesity in the Australian
context would contribute to the current protein intake recom-
mendations and inform the population when selecting protein
food sources for optimal health. Therefore, this study aimed to
examine the associations between animal (with and without dairy
foods) and plant (low- v. high-quality) protein intake, based on
different classification approaches, and the diet quality and obesity
of Australian adults.

Methods
Sample and study design

This study included data from the Australian National Nutrition
and Physical Activity Survey 2011-2012, which was conducted by
the Australian Bureau of Statistics (ABS) across private dwellings
in eight states and territories®". The stratified multi-stage
probability sampling design was applied and included 12 153
individuals®V. This study only focused on adults but excluded
pregnant and lactating women given their possibility to consume
unusual diets. After excluding those aged <19 years (n 2812),
pregnant and lactating women (n 226) and those with no
anthropometric (n 1477) or dietary measurement data (n 1), this
analysis included 7637 adults aged > 19 years.

Ethics statement

The ethics approval for the ABS in conducting National Nutrition
and Physical Activity Survey was provided through the Census and
Statistics Act 1905Y. The adults’ informed consent was sought
through the completion of a consent formY. All secondary data
analyses in this study were conducted using deidentified data and
have been exempt from ethics review by the Deakin University
Human Research Ethics Committee (DUHREC no. 2023-135).

Dietary assessment

The first 24-h recalls were collected by trained ABS interviewers
through computer-assisted personal interview(). The second 24-h
recalls were conducted through computer assisted telephone
interview among approximately 65 % of participants, at least 8 days
after computer-assisted personal interview?). The USDA
Automated Multiple 5-Pass Method was adopted for the recall,
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started by collecting a quick list of foods and beverages and probing
for forgotten items®)). The participants were also requested to
report the amount of food and beverage intake at each eating
occasion and time of consumption, as well as portion size,
ingredients and other details®"). Following the recalls, each food
and beverage was coded and used to calculate energy and nutrient
intakes referring to the AUSNUT13 food nutrient database(®?.

Plant and animal protein classification

All foods from the 2011 to 2013 Australian Health Survey Food
and Supplement Classification (n 5740) were classified as plant or
animal protein food sources by referring to the Food Standards
Australia New Zealand major and sub-major groups codes?. Two
approaches were used to define whether certain food items are
considered plant protein sources: (1) Plant-based protein consist-
ing of grains, nuts, vegetables and other plant-based, protein-
containing foods and (2) High-quality plant protein, such as
grains, beans, legumes, nuts and seeds, considering their high-
protein quantity (at least 5 g protein per 100 g food) and
comparable nutritional values to animal proteins (containing at
least 10 number of amino acids but limited in essential amino
acids), of which protein and amino acid contents were based on the
previous literature®>2¥. For example, peas contain 8 g protein and
17 amino acids but are limited in tryptophan, methionine and
cysteine®>?®) and were classified as high-quality plant proteins.
Two approaches for classifying animal protein were also
implemented: (1) total animal protein (including dairy) and
(2) non-dairy animal protein, given that dairy foods were classified
as a separate food group in many dietary guidelines due to their
high Ca and vitamin D content(®®),

Mixed dishes were disaggregated into protein types based on
the ingredients (e.g. plant, animal, high-quality plant and dairy
protein) by referring to the AUSNUT 2011-2013 food recipe file,
food details file and Australian Dietary Guidelines food classi-
fication system®”?®) The detailed steps used to estimate intake of
each protein type are presented in Figure 1. For mixed dishes where
recipes were available, the protein content of plant- and animal-
based ingredients were summed separately, after accounting for
weight change during food processing. From there, the proportions
of plant and animal protein contents in the mixed dishes were later
calculated and multiplied by the amount of protein from the
AUSNUT Food Nutrient Database. High-quality plant protein and
dairy protein were calculated using the same steps.

The plant and animal protein contents of mixed dishes with no
recipe in the AUSNUT 2011-2013 were estimated using grams and
proportions of plant- and animal-based ingredients of each dish
provided in the Australian Dietary Guidelines food classification
system®®. Each ingredient was classified into plant, animal, high-
quality plant and dairy protein food groups, and then, the protein
content of each group was estimated and summed across protein
sources. For example, animal protein content of a mixed dish was
obtained by summing the protein content of dairy, eggs, fish, meats
and poultry food groups. Following this calculation, plant and
animal protein contents of each mixed dish were obtained by
calculating the plant and animal proportions of each dish and
multiplying them by their respective amounts of protein (g), as
estimated in the AUSNUT Food Nutrient Database. A similar
approach was used to calculate low- and high-quality plant protein
contents in mixed plant protein foods, and mixed plant protein
foods with a proportion of high-quality plant protein foods > 67 %
were later classified as high-quality plant protein foods. The

ssaud Aissanun abpuiquied Aq auluo paysliand 729000525t L L£000S/2101°0L/BJ0"10p//:sdny


https://doi.org/10.1017/S0007114525000674

British Journal of Nutrition

Grouping each item in the food composition database (n 5740)

v

v

v

v

Plant protein foods
(n 2361), including:
a) High-quality plant

Animal protein foods
(n 1984), including
dairy protein only (n 543)

Mixed protein foods
from animal and
plant sources (n 1175)

Zero protein foods
(n220)
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protein only (n 852)

b) Mix between low-and
high-quality plant
protein, or mixed plant

protein (n 53)

A y

Identifying recipe file availability, including ingredients, grams, and total weight change

v v v

v

Mixed plant protein Mix protein foods
foods with recipe with recipe
(n79) (n 1057) (n74)

Mixed plant protein
foods with no recipe

Mix protein foods
without recipe
(n118)

v v v

v

Calculating plant and animal protein
contents based on the ingredients

Calculating plant and animal protein contents based
on the Australian Dietary Guidelines’ food groups

v

v

Mixed plant protein foods with 267% of high-quality plant protein were
reclassified as high-quality plant protein foods (n 135)

v

Final classification:

3) mixed protein foods (n 1175)
4) zero protein foods (n 220)

1) plant protein foods (n 2361), including high-quality plant protein foods (n 987)
2) animal protein foods (n 1984), including dairy protein foods (n 543)

Figure 1. Plant and animal protein
food classification.

protein composition database is available in online Supplementary
Data 1.

Protein and energy intake

The usual intake of different protein sources (g/d), total protein
(g/d) and energy (kJ/d) estimated from the first and second 24-h
recall was modelled separately using the Multiple Source Method®”)
by including number of recall days, age, sex and age-sex interaction
term in the models. The usual non-protein energy intake variable
was created by calculating energy from the usual protein intake and
subtracting it from the usual energy intake. The variables of low-
quality plant protein and non-dairy animal protein were generated
by subtracting high-quality plant protein from plant protein and
dairy protein from animal protein, respectively.

Diet quality

The Dietary Guideline Index (DGI) was used to measure diet
quality given its ability to measure adherence to the 2013
Australian Dietary Guidelines and predict BMI®31, The DGI
comprised seven recommended dietary components and six
discouraged components, with each item scored 0-104%3), The

recommended dietary components consisted of food variety, fruits,
vegetables, meats and high-protein foods, milk and dairy
alternatives, grain foods and water, while the discouraged
components included added salt, added sugar, saturated fat,
unsaturated fat, discretionary foods and alcohol®%3V,

The disaggregated foods from ABS data were used to calculate
the DGI score from each componentV). The consumption of non-
discretionary fruits, whole grains, low-fat dairy, vegetables and
protein foods in grams was used to calculate the food variety
component score, as written elsewhere®*?. The scores of fruits,
vegetables, grains and dairy products were calculated using the
number of daily servings. The same applied to the high-protein
food component, which included daily servings of lean and non-
lean red meats and poultry, eggs, fish and seafood, tofu, legumes,
beans and nuts. The water component score consisted of water and
other beverage intakes, such as juices, tea and coffee.

Energy intake from items labelled as discretionary foods was
summed and divided by 600 k] to obtain the discretionary food
component score®®®, The saturated fat component score was based
on the intake of low-fat milk, lean red meats and poultry (< 10 %
fat), while unsaturated fat score was obtained from margarine,
seeds and nuts intake®?. The added sugar and alcohol scores were
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based on the daily servings®®®), while the salt use score was obtained
from the National Nutrition and Physical Activity Survey
questions on salt addition during meals and cooking®?.

Anthropometric measurements

Anthropometric measurements were performed by trained ABS
staff, including weight, height and waist circumference (WC)
measurements®!). Height and WC measurements were validated
through an additional measurement among 10 % of randomly
selected participants®). BMI scores (kg/m?) were obtained from
the weight and height data®?, and individuals were categorised as
overweight/obese if BMI > 25 kg/m?. Another binary variable was
drawn from WC categories, i.e. non-centrally overweight/obese v
centrally overweight/obese if women had WC > 80 cm or men had
WC > 94 cm@139),

Socio-demographic and health behaviour characteristics

Several socio-demographic variables were used as covariates
referring to the previous literature, namely age (in years), country
of birth, Socio-Economic Indexes for Areas and physical activity
level (PAL)®°). Country of birth was categorised as
(a) Australia; (b) Mainly English-speaking countries and
(c) Other®. Socio-economic Indexes for Areas ranked
Australia’s areas according to socio-economic advantage and
disadvantage, occupation, educational status and economic
resources*”), Individuals in this analysis were ranked in quintiles,
where a lower Socio-economic Indexes for Areas quintile
indicated a greater disadvantage®”). Following Australia’s
Physical Activity and Sedentary Behaviour Guidelines, individ-
uals’ physical activity was categorised as meeting and not meeting
the recommendation for having > 150 min of physical activity
from at least 5 sessions/week 141,

Energy misreporting

Energy misreporting was examined in this analysis by
calculating the ratio between reported energy intake (rEI) and
predicted total energy expenditure (pTEE; rELpTEE)“2%),
given the previous findings on energy and protein under-
reporting in self-reported dietary intake*?). pTEE was calcu-
lated using the validated equations and considering body
weight, height, age, sex and PAL*?). To deal with the absence of
occupational physical activity measurement in the National
Nutrition and Physical Activity Survey, a low-active PAL was
assumed (1-4 < PAL < 1-6)14243),

The +1sD cut-off for rEL:pTEE and the CV of rEL pTEE and the
technical error of measuring total energy expenditure were
calculated to categorise individuals as underreporters, plausible
reporters or overreporters>*>. The CV g and CV g for those
having one-day 24 h recall in this analysis were 43-2 % and 17-6 %,
respectively. For those with two recall days, the CV,g;and CV g
were 34:5% and 17-7 %, respectively. The CV ,tgg of 8:2 % was
used, drawn on the previous research using the doubly labelled
water method®®. Incorporating those values, the +1sp cut-off
applied in this analysis was 47 % for individuals having 1-day recall
and 31 % for those with 2 days recall.

Statistical analysis

Statistical analyses were performed using Stata v.18. The
benchmarked replicate and person-level survey weights were used
in all statistical analyses to produce population estimates. All
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analyses were considered statistically significant if P <0-01.
Proportions and means with standard deviation were reported
separately between men and women, and the differences were
tested using Chi-square test and one-way ANOVA.

Multiple linear regressions were used to examine the
association between plant and animal protein intake with diet
quality, and all models were stratified by sex to account for
differences in dietary protein sources and diet quality between men
and women!>!, Model 1 was adjusted for age (continuous),
Socio-economic Indexes for Areas (categorical), PAL (categorical)
and country of birth (categorical). Accounting for different protein
sources, Model 2 for plant protein intake was further adjusted for
animal protein intake and vice versa, as done in the previous
protein studies!”'®). Models for high-quality plant protein intake
were adjusted for low-quality plant protein and animal protein
intakes, while models for non-dairy animal protein intake were
adjusted for dairy and plant protein intakes. Model 3 was
additionally adjusted for usual non-protein energy intake
(continuous).

Multiple linear and logistic regressions were performed to
examine protein associations with obesity measures. Separate
models were performed for BMI and WC using continuous and
categorical variables, stratified by sex. Similar to the diet quality
models, Model 1 for each protein approach was adjusted for socio-
demographic covariates, followed by additional adjustments for
other protein types in Model 2. The conditional dependency
between protein and other macronutrients in influencing
obesity®’*®) was addressed in Model 3 by including usual non-
protein energy intake (continuous). Sensitivity analysis was
conducted for the continuous outcomes using the fully adjusted
Model 3 with an additional adjustment for energy misreporting
status (categorical). Another sensitivity analysis for BMI and WC
outcomes was also performed with adjustment for usual total
energy intake instead of non-protein energy intake, as shown in
online Supplementary Material 2.

Regression assumptions were tested for each model. Linear
relationships between variables were tested by added-value plots,
and the gnorm function was used to assess normality. Models were
also tested for multicollinearity using variance inflation factor, and
no models suggested multicollinearity (all models, variance
inflation factor <5). The hettest and rvfplot commands were
used to assess heteroscedasticity. Following these tests, BMI
outcome was log-transformed to improve normality, and jackknife
standard errors were estimated in all models to address
heteroscedasticity issues*).

Results

A total of 7637 adults were included in this study, and their
characteristics are provided in Table 1. Women in the highest
tertile of DGI scores were younger than those in lower tertiles
(P<0-001), and the highest tertile of DGI had the lowest
proportion of men from the least disadvantaged areas
(P <0-001). There was no significant difference in obesity status
across DGI tertiles of Australian men and women.

Both men and women in the highest DGI tertile consumed the
largest amount of total protein, had the lowest non-protein energy
intake and had higher intakes of plant and dairy protein than those
in the lowest tertile (all P <0-001). Women in the highest DGI
tertile consumed more animal protein (P <0-001), but no
difference in animal protein intake was observed across DGI
tertiles in men.
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Table 1. Descriptive characteristics of adults (n 7637) by tertiles of DGI*(Numbers and percentages; mean values and standard deviations) ;;
Men (n 3684) Women (n 3953) é
T1 (n 1228) T2 (n 1228) T3 (n 1228) T1 (n 1318) T2 (n 1318) T3 (n 1317) g
n % n % n % P-value n % n % n % P-value S,
Age (year) g
3.
Mean 47-2 48-1 48-4 0-17 46-7 497 52:0 < 0-001 §
SD 17-0 17-3 167 172 172 175
Country of birth (n (%)) 0-06 0-038
Australia 879 71-6 831 67-7 846 68-9 976 74-1 919 697 942 715
Mainly English-speaking countries 168 137 161 131 162 132 156 11-8 153 116 158 120
Other 181 147 236 19-2 220 179 186 141 246 187 217 16-5
Socio-economic Indexes for Areas (n (%)) < 0-001 0-076
Q1 (most disadvantaged) 260 212 217 177 179 14-6 293 222 230 175 245 186
Q2 274 223 259 211 221 180 267 203 288 219 256 194
Q3 226 184 255 20-8 258 21.0 263 20-0 265 201 265 201
Q4 219 17-8 220 179 244 199 214 162 219 166 236 179
Q5 (least disadvantaged) 249 20-3 277 226 326 265 281 21-3 316 24.0 315 239
Physical activity (n (%)) < 0-001 < 0-001
Met physical activity guidelines 443 36-1 553 45.0 641 52:2 448 34.0 559 42:4 651 49-4
Did not meet physical activity guidelines 785 63-9 675 55-0 587 47-8 870 66-0 759 57-6 666 50-6
BMI (kg/m?)
Mean 277 280 27-8 0-24 27-3 274 274 0-93
SD 4-9 4.9 4-6 6-1 61 62
Obesity categories (n (%)) 0-63 0-94
Not Overweight or Obese 359 29:2 338 275 352 287 546 41-4 552 419 554 42-1
Overweight or Obeset 869 70-8 890 725 876 713 772 58-6 766 58-1 763 57-9
Waist circumference (cm)
Mean 98-5 98-8 97-7 0-11 891 88:6 885 0-58
SD 131 13-3 124 149 144 14-8
Central obesity categories (n (%)) 0-77 0-41
Not centrally overweight or obese 468 381 463 377 480 39:1 392 297 380 28-8 411 312
Centrally overweight or obeset 760 619 765 62-3 748 60-9 926 70-3 938 71-2 906 68-8
Mean SD Mean SD Mean SD Mean SD Mean sb Mean SD

(Continued)
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Table 1. (Continued)

Men (n 3684) Women (n 3953)
T1 (n 1228) T2 (n 1228) T3 (n 1228) T1 (n 1318) T2 (n 1318) T3 (n 1317)
n % n % n % P-value n % n % n % P-value
Usual energy intake (kJ/d, mean (sp)) 8206 2445 7958 2115 7654 2078 < 0-001 6604 1934 6520 1830 6287 1556 < 0-001
Usual non-protein energy intake (kJ/d, mean (sb)) 6850 2120 6561 1826 6218 1772 < 0-001 5518 1712 5362 1591 5072 1350 < 0-001
Usual protein intake (g/d, mean (sp)) 812 27-3 836 24-0 86-0 256 < 0-001 65-1 20-2 69-3 19-8 727 18-6 < 0-001
Usual plant protein intake (g/d, mean (sb)) 259 88 27-4 85 287 89 < 0-001 21-2 69 224 72 23-0 6-8 < 0-001
Usual high-quality plant protein intake (g/d, mean (sp)) 183 71 19-5 71 20-6 73 < 0-001 15-1 55 157 57 15-8 54 0-004
Usual low-quality plant protein intake (g/d, mean (sp)) 76 4.5 79 35 82 35 < 0-001 6-1 35 6-8 33 72 32 < 0-001
Usual animal protein intake (g/d, mean (sp)) 579 23-0 584 20-6 592 216 0-32 421 16-1 44.8 155 474 14-9 < 0-001
Usual animal protein intake without dairy (g/d, mean (sp)) 45.1 212 440 19-1 433 187 0-065 30-7 15-1 32:0 14-2 333 14-0 < 0-001
Usual dairy protein intake (g/d, mean (sb)) 128 85 144 79 160 85 < 0-001 114 6-4 128 6-4 142 6-4 < 0-001
Diet quality score (mean (sp)) 52-8 74 68-2 32 81.7 6-6 < 0-001 55-2 17 70-0 3-:0 82.5 5.7 < 0-001
n % n % n % n % n % n %
Misreporter categories (n (%)) 0-005 0-64
Plausible reporters§ 877 71-4 853 69-5 803 65-4 903 68-5 889 67-5 880 66-8
Misreporters 351 286 375 305 425 34-6 415 315 429 325 437 332

DGlI, Dietary Guideline Index.

*Differences across tertiles for continuous variables were assessed by using ANOVA. Differences across tertiles for categorical variables were assessed by using Pearson’s chi-square test.
tDefined as BMI > 25.

tDefined as waist circumference > 94 cm for men and > 80 cm for women.

SDefined by using 1sp cut-off for energy intake: energy expenditure between 53 % and 147 % for individuals with one recall day and between 69 % and 131 % for individuals with two recall days.
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Table 2. Associations between intake of protein types and diet quality of Australian men and women*(Coefficients and 95 % Cl)
Men Women
Coeff. 95 % Cl P valuet Coeff. 95% ClI P value
Plant protein
Model 1 0-19 0-13, 0:25 < 0:001 0-20 0-12, 0-27 < 0-001
Model 2 0-19 0-13, 0:25 < 0:001 0-17 0-10, 0-25 < 0-001
Model 3 0-74 0-64, 0-85 < 0-001 0-78 0-67, 0-89 < 0-001
High-quality plant protein
Model 1 0-23 0-16, 0-30 < 0-001 0-14 0-05, 0-24 0-003
Model 2 0-22 0-14, 0-30 < 0:001 0-08 -0:02, 0:18 0-11
Model 3 0-72 0-61, 0-82 < 0-001 0-64 0-52, 0-76 < 0-001
Animal protein
Model 1 0-02 -0-01, 0-04 0-14 0-12 0-08, 0-16 < 0-001
Model 2 0-01 -0-01, 0-03 0-37 0-11 0-07, 0:15 < 0-001
Model 3 0-15 0-12, 0:18 < 0:001 0-26 0-22, 0-29 < 0-001
Non-dairy animal protein
Model 1 -0:-02 -0-05, 0-00 0-06 0-07 0-03, 0:11 0-001
Model 2 -0:02 -0-05, 0-00 0-08 0-07 0-03, 0-11 0-001
Model 3 0-11 0-08, 0-14 < 0:001 0-21 0-18, 0-24 < 0-001

*Model 1 was adjusted for age, country of birth, socio-economic status, physical activity; Model 2 also included other protein types and Model 3 also included non-protein energy intake.

tStatistical significance at P < 0-01.

Association between protein intake and diet quality

Plant protein intake was positively associated with DGI scores in
both men and women across all statistical models, as shown in
Table 2. In women, higher plant protein intake was associated with
higher DGI scores, while in men, high-quality plant protein was
consistently associated with higher DGI units across all statistical
models. Further adjustment for non-protein energy intake resulted
in 3- to 5-fold stronger associations with DGI in both men
and women.

Animal protein, with and without dairy, was positively
associated with DGI in men (Model 3 only) and women (all
models). In women only, the observed associations were weaker for
non-dairy animal protein than for total animal protein across all
models. Again, further adjustment for non-protein energy intake
(Model 3) resulted in stronger associations (with dairy, f=0-26
(95 % CI 0-22, 0-29) P < 0-001; without dairy, f#=0-21 (95 % CI
0-18, 0-24) P < 0-001).

Association between protein intake and obesity measures
and prevalence

Plant protein intake was inversely associated with BMI and WC as
shown in Table 3, and these associations did not differ whether
non-protein energy or total energy intake were adjusted for. With
animal protein intake and all other covariates held constant
(Model 2), each g/d increase in plant protein was associated with
lower BMI in men and women. However, additional adjustments
for non-protein energy intake attenuated this association in
women only. With animal protein and non-protein energy intake
being held constant (Model 3), each g/d higher high-quality plant
protein intake was associated with lower BMI in men but not
women. Both plant protein and high-quality plant protein intakes

were inversely associated with WC in men only. For men’s BMI
and WC, all models using high-quality plant protein showed
stronger associations.

In men only, non-dairy animal protein was positively associated
with BMI and WC, with comparable coefficients across all models
and sensitivity analyses. Total animal protein intake was positively
associated with BMI in both men and women but only after
additional adjustment for non-protein energy intake (Model 3).
However, total animal protein was not associated with WC across
all models in both sexes.

Multiple logistic regressions suggested an inverse association
between plant protein intake and obesity prevalence, but no
association between animal protein and obesity prevalence was
observed, as presented in Table 4. A statistically significant inverse
association between high-quality plant protein and obesity
(Model 3, OR = 0-97 (95 % CI 0-95, 0-98) P = 0-001) was observed
in men only; in women, adjustment for non-protein energy intake
attenuated the inverse association that was observed in Model 2.
Again, in men only, all three models suggested that each g/d
increment in plant protein intake was associated with 3-4 % lower
odds of central obesity. However, no associations were observed
between animal protein and central obesity prevalence in either men
or women.

Discussion

In this cross-sectional study of Australian adults, both plant and
animal protein intakes showed positive associations with diet
quality in both men and women. However, associations with diet
quality were stronger for plants than for animal protein. The
findings also suggested that men’s plant protein intake was
inversely associated with obesity measures and prevalence whereas
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Table 3. Associations between intake of protein types, BMI and WC of Australian men and women*(coefficients and 95 % Cl)

Men Women
Coeff. 95 % Cl P valuet Coeff. 95 % ClI P value
BMIE
Plant protein
Model 1 -0-0013 -0-0017, —0-0009 < 0:001 -0-0009 -0-0015, —0-0003 0-003
Model 2 -0-0014 -0-0018, —0-0010 < 0-001 -0-0009 -0:0015, —0-0004 0-002
Model 3 -0-0011 -0-0016, —0-0006 0-001 -0-0003 -0-0011, 0-0005 0-49
High-quality plant protein
Model 1 -0-0017 -0-0021, —0-0012 < 0-001 -0-0008 -0-0015, —0-0001 0-02
Model 2 -0-0016 -0-0021, —0-0011 < 0-001 -0-0005 -0-0012, 0-0001 0-12
Model 3 -0-0013 -0-0019, —0-0007 < 0-001 0-00004 -0-0008, 0-0009 0-93
Animal protein
Model 1 0-0002 0-0000, 0-0003 0-03 0-0002 -0-0000, 0-0004 0-10
Model 2 0-0002 0-0001, 0-0004 0-01 0-0002 -0-0000, 0-0005 0-06
Model 3 0-0003 0-0001, 0-0005 0-001 0-0004 0-0001, 0-0007 0-003
Non-dairy animal protein
Model 1 0-0003 0-0001, 0-0005 0-002 0-0002 -0-0001, 0-0004 0-17
Model 2 0-0003 0-0001, 0-0005 0-001 0-0002 -0-0006, 0-0005 0-12
Model 3 0-0004 0-0002, 0-0006 < 0-001 0-0004 0-0001, 0-0006 0-013
wC
Plant protein
Model 1 -0-20 -0-27, —0-13 < 0-001 -0-04 -0-13, 0-04 0-33
Model 2 -0-20 -0-27, —0-13 < 0-001 -0-05 -0-13, 0-04 0-27
Model 3 -0:19 -0-27, —0-10 < 0-001 -0-003 -0-11, 0:10 0-96
High-quality plant protein
Model 1 -0-25 -0-33, —0-17 < 0-001 -0-02 -0-12, 0-08 0-67
Model 2 -0-24 -0-32, —0-16 < 0:001 0-002 -0-10, 0-10 0-97
Model 3 -0-22 -0-31, —0-13 < 0-001 0-04 -0-08, 0-15 0-53
Animal protein
Model 1 0-02 -0.01, 0-05 0-12 0-03 -0.01, 0-07 0-20
Model 2 0-03 0-00, 0-05 0-04 0-03 -0-01, 0-07 0-18
Model 3 0-03 0-01, 0-06 0-02 0-04 -0-01, 0-09 0-09
Non-dairy animal protein
Model 1 0-04 0-01, 0-07 0-004 0-03 -0-02, 0-08 0-19
Model 2 0-04 0-02, 0-07 0-003 0-03 -0-01, 0-08 0-18
Model 3 0-04 0-02, 0-07 0-002 0-04 -0-01, 0-09 0-11

WC, waist circumference (cm).

*Model 1 was adjusted for age, country of birth, socio-economic status, physical activity; Model 2 also included other protein types; Model 3 also included non-protein energy intake.

tStatistical significance at P < 0-01.

1The interpretation of the f-coefficient estimates is 100 x (coefficient), referring to the percentage change for a 1-unit increase in protein intake with all other variables constant.

men’s non-dairy animal protein intake was positively associated
with obesity measures.

Plant and animal protein associations with diet quality

Positive associations between plant and animal protein with diet
quality were observed in this study. However, the associations for

plant protein were 3-5 fold stronger than for animal protein. The
stronger association when non-protein energy intake held constant
also implied these positive associations between plant protein and
diet quality being independent of energy intake of other dietary
components that may contribute to higher diet quality scores.
Current findings on plant protein support previous evidence
suggesting a positive association between plant protein and diet
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Table 4. Associations between intake of protein types and obesity of Australian men and women*(OR and 95 % Cl)
Men Women
OR 95% CI P valuet OR 95% Cl P value
Obesityt
Plant protein
Model 1 0-97 0-96, 0-98 < 0-001 0-98 0-97, 0-99 0-003
Model 2 0-97 0-96, 0-98 < 0-001 0-98 0-96, 0-99 0-003
Model 3 0-97 0-96, 0-99 0-001 0-98 0-96, 1-01 0-14
High-quality plant protein
Model 1 0-96 0-95, 0-97 < 0-001 0-98 0-96, 0-996 0-02
Model 2 0-96 0-95, 0-97 < 0-001 0-98 0-96, 1-002 0-07
Model 3 0-97 0-95, 0-98 < 0-001 0-99 0-97, 1-01 0-33
Animal protein
Model 1 1.003 0-998, 1-008 0-28 1-004 0-998, 1-009 0-23
Model 2 1.004 0-999, 1-009 0-11 1.004 0-998, 1.011 0-15
Model 3 1.006 1.00, 1-01 0-04 1-006 0-999, 1.012 0-06
Non-dairy animal protein
Model 1 1-006 1.00, 1-01 0-04 1.005 0-998, 1-011 0-16
Model 2 1.006 1.001, 1-012 0-03 1.005 0-998, 1.012 0-13
Model 3 1.008 1.002, 1-014 0-01 1-006 0-999, 1.013 0-06
Central obesity
Plant protein
Model 1 0-97 0-96, 0-98 < 0-001 0-99 0-98, 1-01 0-49
Model 2 0-97 0-96, 0-98 < 0-001 0-99 0-98, 1-01 0-41
Model 3 0-97 0-95, 0-98 0-001 1.00 0-98, 1-02 0-78
High-quality plant protein
Model 1 0-96 0-94, 0-97 < 0-001 0-996 0-98, 1-02 0-70
Model 2 0-96 0-94, 0-97 < 0-001 0-999 0-98, 1-02 0-91
Model 3 0-96 0-94, 0-98 < 0-001 1.002 0-98 ;1-02 0-89
Animal protein
Model 1 1-000 0-996, 1-004 0-89 1-006 0-999, 1.013 0-11
Model 2 1.001 0-997, 1-005 0-67 1-006 0-999, 1.013 0-10
Model 3 1.001 0-995, 1-006 0-83 1-007 1-000, 1-014 0-06
Non-dairy animal protein
Model 1 1.003 0-999, 1.007 0-13 1.007 0-999, 1.016 0-09
Model 2 1.004 0-999, 1-008 0-10 1.007 0-999, 1.016 0-09
Model 3 1.003 0-998, 1-008 0-26 1.008 1.000, 1-016 0-06

WC, waist circumference (cm).

*Overweight/obesity was defined as a BMI > 25. Centrally overweight/obesity was defined as a waist circumference > 94 cm for men or >80 cm for women.

tStatistical significance at P < 0-01.

1Model 1 was adjusted for age, country of birth, socio-economic status and physical activity; Model 2 also included other protein types and Model 3 also included non-protein energy intake.

quality!'"1¥. A cross-sectional study among young American
adults found that those with higher plant protein intake (> 30 % of
total protein) had a higher modified Healthy Eating Index score!!?),
Similarly, Chen et al.') reported that middle-aged Dutch adults
consuming the highest plant protein intake also scored highest in
overall diet quality score. Accounting for nutrient adequacy, the
overall diet quality score of French adults was based on how the

consumption of different foods contributes to the probability of
adequate nutrient intake!'”). Interestingly, while plant protein
intake was positively associated with overall diet quality in French
adults, high plant protein intake did not significantly influence the
probability of having adequate micronutrient intakes'>). Rather,
high plant protein intake lowered the probability of excessive
intake of saturated fat and cholesterol?.
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Previous literature on animal protein and diet quality suggests
an inverse association!>!#%) which is in contrast to the modest
positive association found in this study. This dissimilarity is
potentially related to the different contributions of animal protein
foods to diet quality. For example, processed meats, eggs and
cheese intakes were inversely associated with diet quality, whereas
fish, yoghurt and milk were positively associated®!). Higher animal
protein intake might lead to a higher score, but the intake of
animal-source foods with high moderation nutrients, such as Na
and saturated fats, might lead to a lower diet quality score!#.
Therefore, depending on the absolute amount and type of animal-
source foods, the association between total animal protein intake
with diet quality might vary.

Plant and animal protein associations with obesity

Our findings suggest that plant protein intake was inversely
associated with obesity measures and prevalence in men, which
aligns with previous observational studies among Belgian® and
American adults'7*?), Inverse associations with obesity outcomes
in this study were slightly stronger when including only high-
quality plant protein sources, which is also in line with previous
evidence reporting the stronger inverse associations between
obesity with nuts and legumes, compared to fruits and grains®>.
This might be explained by their amino acid profiles, which might
be different in terms of types and quantity®¥, However, it remains
unclear whether inverse associations between plant protein and
obesity and other health outcomes were rather explained by their
amino acid patterns than the combination of other nonprotein
compounds®?, which therefore warrants further studies.

Positive associations between animal protein and obesity
outcomes were observed in this study. Previous studies found
positive associations between total animal protein with men’s BMI
and WCU>!1%19) but only non-dairy animal protein was positively
associated with WC in this study. The positive association with
WC after excluding dairy products suggested the mixed influence
of animal protein on WG, as found previously where dairy was
inversely associated with European men’s WC, but no association
between meats, fish, poultry or total animal protein with WC®®),
Similarly, the mixed influence of different animal-source foods
could be the explanation for no association between animal protein
and neither obesity nor central obesity prevalence in this study,
whereas other studies found a positive association with obesity in
American men®? but no association with central obesity in Korean
men®?”). The mixed influence of animal protein foods could be due
to the different absolute amounts of intake, nutrient profiles and
processing techniques®®, and therefore, still need further studies
to confirm associations between animal-source foods and obesity
outcomes. Other potential causes of diverse findings include
adjustment for potential confounders (e.g. total energy and other
dietary intakes) and different body composition measure-
ments®>°©>7), which also need to be considered in investigating
associations between different protein food sources with obesity or
other health outcomes.

In contrast to the findings in men, the fully adjusted model only
produced a significantly positive association between total animal
protein and women’s BMI, but not WC, and no association
between plant protein and either obesity measures or prevalence.
This finding aligns with previous studies, which also suggested that
despite the positive association between animal protein and BMI,
the mixed influence of different animal protein sources might
explain no association between animal protein with women’s WC

H. R. B. Arini et al.

and obesity prevalence®®™”). In contrast, other studies reported
inverse associations between plant protein and women’s
obesity>!19), Adjustments for different confounders might explain
this dissimilarity as Lin et al.** did not adjust for energy intake and
PAL, while Moon et al.') adjusted for total energy intake and used
different physical activity measurements. Meanwhile, inverse
associations between plant protein with women’s BMI and obesity
in this study were attenuated by adjustment for non-protein energy
intake, suggesting that the relationship between plant protein and
women’s obesity was primarily explained by differences in non-
protein energy intake.

In terms of adjusting for energy intake, adjustment for either
non-protein or total energy intake in our study produced similar
results. Consideration of adjustment for total energy intake or only
non-protein energy intake will depend on whether the aim is to
examine the impact of different protein types without changes in
other macronutrients as done in other similar studies*° or the
impact of different protein types while overall energy intake is
constant.

Strengths and limitations

To our knowledge, this is the first among a few studies investigating
different approaches in classifying protein foods using the
Australian food composition database. Another strength of this
study includes the analyses of a large, nationally representative
sample of Australian adults. The analyses also include estimation
of usual dietary intake, sex stratification and adjustment for non-
protein energy intake and other covariates to attempt represen-
tative models of populations’ protein intake.

There are some limitations of this study. First, this cross-
sectional study is unable to draw causality, and therefore,
interventional and prospective follow-up studies are needed to
confirm the findings. Second, further analyses are recommended
once the nationally representative data has been updated, given
this study used survey data from more than 10 years ago. The third
limitation is related to the absence of certain data required in
classifying protein foods and estimating different protein intakes,
particularly mixed protein dishes and high-quality plant protein.
The current Australian food nutrient database only includes data
on the amount of total protein and the essential amino acid,
tryptophan?. Therefore, the classification of high-quality plant
protein foods in this study was additionally based on their amino
acid and plant protein content, as documented in the litera-
ture@>?¥, Additionally, protein contents of mixed dishes whose
recipe files were unavailable were estimated using similar recipes
and other databases. Other dietary information, such as amino acid
profiles and protein digestibility®”, would be a significant addition
to future protein quality estimates. Fourth, despite the recom-
mendations for healthy protein foods, this study did not include
recommended protein intake portions, and therefore, future
studies focusing on the amount of different protein food sources
required for health outcomes will be essential. Another limitation
is the absence of advanced body composition measurements,
including lean body mass and fat mass, which therefore warrant
further studies investigating the differential effects of plant v
animal protein on body composition.

Future directions/implications

Our findings suggest differential influences of animal and plant
protein on diet quality and obesity, which may inform future
dietary recommendations in relation to protein from different food
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sources. This could be supported by future investigations on the
required amounts of different protein food sources to develop clear
protein messages in the dietary guidelines. Given that meats, dairy
products and other animal-source foods might affect health
differently, separate studies investigating the influences of different
animal-source foods are still required to improve current dietary
recommendations. For plant protein, there are still gaps in
determining its quality compared to animal protein, so examining
data on amino acid scores and digestibility of protein foods will be
important.

Additionally, studies investigating the nutrient adequacy of
plant-based protein diets may consider matching foods based on
protein content (e.g. animal, plant and mixed proteins), as
suggested in earlier literature®”, The same literature reported
lower micronutrient intakes resulting from plant-based diets, such
as Zn and vitamin B, possibly related to the lower micronutrient
bioavailability caused by certain components in plant-based
foods®). However, this finding could also be influenced by the
fact that many dietary modelling studies of plant-based protein
diets calculated nutrient intake from individual foods without
accounting for nutrients obtained from mixed protein dishes®.
Furthermore, given that plant and animal protein were analysed
separately in this study, future investigations focusing on dynamic
changes in both sources (e.g. partial animal protein replacement
with plant protein) may have additional benefits in formulating
dietary recommendations. Lastly, reflecting on the different
findings between men and women, we recommend future protein
studies to adjust for non-protein energy intake and stratify analyses
by sex, so the studies may capture the different influences of dietary
protein on men’s and women’s health, as well as suggest that the
associations are attributed to animal or plant protein instead of
non-protein energy intake.

Conclusion

Plant and animal protein have different influences on diet quality
and obesity. Both plant and animal protein are linked with better
diet quality in both men and women, but higher plant protein
intake is associated with higher diet quality scores. High plant
protein intake is associated with lower obesity risk in men, while
animal protein is positively associated with men’s and women’s
BML. Further investigations are needed to examine the influence of
different animal protein sources on diet quality and obesity. Given
that protein contribution to obesity and overall health can be
influenced by energy balance and vary between sexes, future
studies also need to consider energy adjustment and sex-specific
associations.

Supplementary material. For supplementary material/s referred to in this
article, please visit https://doi.org/10.1017/S0007114525000674
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