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mass and function in men over a 15-year period
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Abstract
Summary A growing body of evidence suggests that diet quality may predict muscle health. This study found that a “Traditional”
dietary pattern predicted greater muscle mass, and an anti-inflammatory diet predicted greater muscle mass and better
muscle function over 15 years. These findings reinforce the importance of optimising dietary behaviours for healthy ageing.
Introduction Research investigating the roles of individual nutrients in muscle health fails to account for the synergistic rela-
tionships between foods and nutrients. This study aimed to investigate the predictive value of diet quality and dietary patterns for
muscle mass and function in men over a 15-year period.
Methods This longitudinal study was conducted in 522 men from the Geelong Osteoporosis Study with complete dietary and
muscle mass or muscle function data at both baseline and 15-year follow-up assessments. Dietary exposures were extracted from
food frequency questionnaires and included the Australian Recommended Food Score, the Dietary Inflammatory Index (DII®),
and three a posteriori dietary patterns: Plant-focused, Western, and Traditional (Anglo-Australian). Outcome variables included
dual-energy X-ray absorptiometry–derived skeletal muscle index (SMI) and muscle function measured with the timed up-and-go
(TUG) test.
Results An anti-inflammatory diet and higher scores on a Traditional dietary pattern both predicted greater SMI ((B: −0.04
(95%CI −0.08, −0.00) kg/m2) and (B: 0.12 (95%CI 0.04, 0.20) kg/m2), respectively), while a pro-inflammatory diet predicted
slower TUG (B: 0.11 (95%CI 0.001, 0.21) sec) over the 15-year follow-up period. These associations remained significant
following adjustment for confounding variables. There were no associations observed for other dietary exposures.
Conclusion ATraditional dietary pattern higher in vegetables, wholegrain cereals, and animal protein was associated with greater
skeletal muscle mass, and an anti-inflammatory diet, also rich in vegetables, fruit, and wholegrain cereals, was associated with
greater skeletal muscle mass and better muscle function over 15 years.
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Introduction

With advancements in modern medicine and public health,
our global population is steadily ageing. In 2018, for the first
time in history, the population aged over 65 years
outnumbered those aged under 5 years [1]. Despite improve-
ments in longevity, poor muscle health is associated with re-
duced quality of life and predicts mortality in ageing popula-
tions [2, 3]. Low muscle mass and poor muscle strength and
function are key characteristics of poor muscle health. Low
muscle mass predicts reduced mobility, and mobility—in
turn—predicts mortality [4, 5]. While exercise training is a
key health behaviour that can improvemuscle health [6], iden-
tifying additional modifiable contributors to muscle health is
imperative to guide intervention strategies.

Diet is a known correlate of muscle health [7]. Research
investigating aspects of nutrition that relate to the risk for poor
muscle health have historically focused on individual compo-
nents of diet, such as protein and specific micronutrients.
However, a focus on individual macro andmicronutrients fails
to consider synergistic relationships between foods and nutri-
ents [8]. A priori diet quality scores, by contrast, provide a
metric for assessing whole diet quality. These predefined in-
dices are usually based on current nutrition guidelines or rec-
ommendations and can be used to quantify an individual’s
overall diet quality. Examples include validated indices mea-
suring adherence to a traditional Mediterranean diet (MD),
such as the Mediterranean Diet Score (MDS), or to local
guidelines, such as the Australian Recommended Food
Score (ARFS) [9]. Another category of a priori diet quality
scores focuses on the functional effect of the foods and nutri-
ents—e.g. on ability to effect changes in blood glucose (e.g.
the glycaemic index [10]) or inflammation (e.g. the Dietary
Inflammatory Index [DII®])[11]. In contrast, data-driven a
posteriori dietary patterns reflect the eating patterns specific
to the study sample. These can be developed using principal
component analysis, which cluster a study sample’s dietary
patterns into distinct factors based on individuals’ frequency
of consumption of specific foods.

Previously, studies investigating how diet quality scores
relate to muscle mass and function in men longitudinally over
2 to 10 years have reported conflicting findings. The Baltic
Sea Diet Score, considered the diet quality measure similar to
the MDS for Nordic populations, did not predict either muscle
mass or walking speed in Finnish men over 10 years [12, 13].
Similarly, in a sample of Chinese adults >65 years of age,
neither the MDS nor data-driven dietary patterns provided
any predictive value for sarcopenia risk over 4 years [14].
However, in an Italian cohort, higher scores on the MDS at
baseline were associated with a lower risk of developing re-
duced walking speed over 6 years [15]. These conflicting
findings may be due to the varying timespans and/or age
groups studied, or to the application of indices measuring

the MD in non-Mediterranean cultures. Due to the chronic
inflammation associated with increases in age and decreases
in physical functioning, the Dietary Inflammatory Index
(DII®), a measure of the inflammatory potential of partici-
pants’ diets, has also has been utilised in muscle health re-
search [16]. The relationship between the DII and muscle
health has been investigated in Chinese children and
Australian adults, with results from the latter suggesting an
association between the DII and muscle health in Australian
women, but not men, over 10 years of follow-up [17, 18].

Studies investigating the relationship between a posteriori
dietary patterns and men’s muscle mass and function are
scarcer. However, from the limited evidence, a Western die-
tary pattern was associated with poorer muscle function and a
MD-style pattern associated with better muscle function in
Spanish men aged 55–80 years in one cross-sectional study
[19]. Furthermore, an investigation of culturally specific die-
tary patterns in UKmen aged ≥ 85 years found that a diet high
in meat, potato, and gravy predicted a slower timed up-and-go
(TUG), which assesses muscle function via walking speed,
balance, and mobility, than those who consumed less meat,
over 5 years [20].

Findings from available studies addressing the role of diet
in the maintenance ofmusclemass and function are discordant
in relation to age, muscle outcome measures, follow-up times,
and ethnic groups. The diverse findings may reflect the need
for measures of diet quality that are culturally specific to study
samples or, at the other extreme, the need to describe diet
quality in terms of physiological effects independent of culi-
nary traditions and cultural foodways. The current study
aimed to investigate the predictive value of various measures
of diet quality and dietary patterns for muscle mass and func-
tion in Australian men over a 15-year period.

Methods

Participants

Study participants included 522 men from the baseline and
15-year follow-up of the Geelong Osteoporosis Study
(GOS). The GOS, an ongoing prospective cohort study, has
been collecting data on men since 2001. Participants were
randomly selected from the electoral roll of the Barwon
Statistical Division and invited to participate. Details of re-
cruitment, data collection, and participation have been pub-
lished elsewhere [21]. The GOS was approved by the Human
Research Ethics Committee at Barwon Health, and written,
informed consent is collected from all participants.

Participants included in the current study were those who
had provided complete food frequency dietary data at both
timepoints, in addition to complete dual-energy X-ray absorp-
tiometry (DXA) scans and/or TUG data at both timepoints.
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Participants were excluded if energy intake was considered
implausible, i.e. excessively high or low, defined as <3360
or >16,800 kJ/day [22] (Fig. 1).

Data collection

Anthropometry and body composition

Height was measured with a wall-mounted stadiometer and
accurate to the nearest 0.1cm. Body composition was deter-
mined from whole body DXA using a densitometer (Lunar
DPX-L and Lunar Prodigy-Pro, LUNAR Corporation,
Madison, WI, USA). In the baseline cohort, the DPX-L was
used on the initial n=544 and the ProdigyPro was used with
the remaining n=996. However, no mean differences in bone
mineral density were noted between the two measures [21].
From DXA scans, appendicular lean body mass (ALM) was
calculated as the sum of lean mass for arms and legs.

Muscle mass and function

Skeletal muscle index (SMI), defined as ALM/height2 (kg/
m2), was used as a surrogate measure of muscle mass.
Muscle function was measured by the Timed Up and Go
(TUG) test, which refers to the time taken (seconds) for a

participant to rise from a chair, walk 3 m, turn around, walk
back, and sit down, all without upper body assistance unless
using a walking aid such as a walking frame [23]. Slower
TUG is an indicator of poor muscle function. The cut-offs
for low SMI and slow TUG in the current study were <7.0
kg/m2 and ≥20 s, respectively, as per recommendations from
the revised European Working Group on Sarcopenia in Older
People (EWGSOP2) [24].

Dietary data

Self-reported dietary data were collected using a food frequen-
cy questionnaire (FFQ), The Cancer Council Victoria’s
Dietary Questionnaire for Epidemiological Studies, which
has been validated in a similar population [9]. In brief, data
relating to frequency of consumption of specific foods at des-
ignated serve sizes were collected for 74 foods, including
milk, in addition to six alcoholic beverages, over the previous
12 months. The Cancer Council Victoria provided computed
FFQ results which included both serves per day and grams per
day.

Diet quality indices FFQ data were used to calculate the ARFS
and the DII scores. The ARFS is a validated diet quality index
that measures an individual against adherence to the

Fig. 1 Prisma diagram for GOS
participant selection. Participants
included were those who
provided both muscle and diet
data at 10- and 15-year men’s
follow-ups of the Geelong
Osteoporosis Study
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Australian Dietary Guidelines. Points are allocated based on
serves of and/or frequency of consumption for the following:
(i) vegetables, nuts, and beans, (ii) fruit, (iii) protein foods, (iv)
grains, (v) dairy, (vi) fats, and (vii) alcohol, and points are
totalled to obtain a score range of 0–74 [9].

The DII score measures dietary inflammatory potential and
has been validated against various biomarkers in over 30 stud-
ies [25]. The theoretical DII score range is −8.87 to +7.98,
with a positive score reflecting a pro-inflammatory diet and
a negative score reflecting an anti-inflammatory diet. While
the complete DII includes 45 food parameters associated with
changes in inflammatory markers [11], as with most struc-
tured instruments, data from the FFQ were available for fewer
(i.e. 22) food parameters.

A posteriori dietary patterns Using a principal component
analysis with orthogonal varimax rotation, three dietary pat-
terns were identified from baseline FFQ data. Food compo-
nents with a loading of <0.05 were excluded [26], resulting in
a final list of 93 food components from the original 101 listed
in the raw FFQ data. Factor loadings from principle compo-
nent analysis weremultiplied by participant food consumption
data in grams per day to provide participant scores for each of
the three dietary patterns.

Other potential confounders

Additional variables for consideration as potential con-
founders were collected at both baseline and 15-year fol-
low-up assessment phases. These included age, current
smoking, highest level of education ((i) never attended
school, (ii) completed primary or some secondary school
(including “primary school” and “secondary school”), (iii)
completed secondary school or vocational training (includ-
ing “completed secondary school” and “TAFE/trade/ap-
prenticeship”), or (iv) tertiary education (including “univer-
sity” and “other post-secondary training/qualification”));
employment status (either (i) working (including working
full-time, part-time, voluntary work, and casually), (ii) not
working (including retired and not retired), (iii) home
duties, (iv) full-time or part-time student, (v) retired, (vi)
unable to work/ill), or (vii) not applicable); ethnicity; total
protein intake (g/day); total energy intake (kJ/day); and
DXA-derived total body fat mass (g). Self-reported physical
activity (PA) was measured using the Baecke Physical
Activity Questionnaire [27], which uses a Likert scale to
assess work, sport, and leisure time PA. Scores from these
three domains were combined for a total PA score. A com-
posite, dichotomised variable was developed of self-
reported medications that may impact muscle. These in-
cluded agents that affect the musculoskeletal system and
endocrine and metabolic disorders. Medical conditions po-
tentially affecting muscle also were dichotomised (yes/no)

and included osteoarthritis, rheumatoid arthritis, thyroid
condi t ions, type-1 and type-2 diabetes mel l i tus ,
hypoglycaemia, pernicious anaemia, asthma, emphysema,
chronic bronchitis, and multiple sclerosis.

Statistical analyses

To account for the longitudinal nature of this study, general-
ised estimating equations (GEE) were employed. To assist in
comparing beta coefficients between models, all diet quality
scores were converted to z-scores. Potential confounders were
first identified using trivariable models, through examining
the p-values and inclusion if the potential confounder variable
notably altered the B-coefficient of the exposure of interest.
The final multivariable models were determined using a back-
wards stepwise variable selection strategy. In addition to the
abovementioned data-driven confounder identification, PA,
and age also were included in all adjusted models due to their
widely accepted effects on muscle health [28]. Deviation from
model assumptions, including normality of continuous depen-
dent variables, was visually inspected and correlation coeffi-
cients were used to assess collinearity. In the final models,
GEEs were employed to investigate associations between
the dietary exposures and both SMI and TUG, after account-
ing for potential confounders. All variables considered as po-
tential confounders were time-updated. GEE models included
a nominal factor for measurement time (baseline, and 15-year
follow-up), with time-updated diet measurement as the expo-
sure of interest. Time-by-diet, age-by-diet, and PA-by-diet
two-way interactions also were investigated. The time-by-
diet interaction term examined the effect of diet change (from
baseline to 15-year follow-up) on SMI and TUG. All analyses
were conducted using Stata 16.0 (StataCorp LP. College
Station, TX, USA) and the analysis plan was preregistered at
Open Science Framework (https://osf.io/wxzpv).

Results

Study participant characteristics at baseline and 15-year fol-
low-up are summarised in Table 1 and Fig. 2. Education levels
and the number of participants who had retired increased,
while median PA scores decreased over the 15-year period.
A greater number of participants were taking medications and
had a current medical condition at 15 years compared to
baseline.

SMI reduced over 15 years while the TUG scores increased
(i.e. slower times) (Fig. 2A and B). The proportion of partic-
ipants with low SMI and slow TUG also increased (Table 1).
The ARFS dietary scores at 15 years correlated with the base-
line time point (r2=0.41, p<0.0001) (Fig. 2C) and did not
change over time (Table 1). The DII score was also moderate-
ly correlated between the two time points (r2=0.24, p<0.0001)
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(Fig. 2D) and a paired Wilcoxon rank sum test indicated that
the scores increased slightly over 15 years (p<0.0001), indi-
cating the diets became marginally more pro-inflammatory
(Table 1). Dietary energy intake decreased over the 15 years
and BMI and body fat increased between follow-up assess-
ments (Table 1).

Participants who were lost to follow-up were older than
study sample participants at baseline, with a median age of
67 years. These participants had a similar median SMI to the
current study sample, but a greater percentage had a low SMI
(6.76%). Median TUG at baseline was also slower (7.91 s)
with a greater proportion having a slow TUG of ≥ 20 s (8.0%)
compared to the study sample.

Diet quality indices and a posteriori dietary patterns

DII scores ranged from −2.99 to +2.53 and, prior to z-score
conversion, ARFS scores ranged from 6 to 57.

In addition, three a posteriori dietary patterns at baseline were
identified using principle component analysis (OnlineResource 1).
These were designated (i) Plant-focused, which reflected higher
consumption of vegetables, fruit, yoghurt, muesli, multigrain
bread, and tofu, and lower consumption of sugar and discretionary
foods, full-fat dairy products, white bread and margarine, red,
white, and processed meats, and alcohol; (ii) Western, reflecting
higher consumption of foods such as pizza,meat pies, hamburgers,
and alcohol, with negative factor loadings suggesting lower

Table 1 Participants
characteristics at baseline and 15-
year follow-up assessments

Study participants (n=522)

Baseline 15-year follow-up

Age, years, median (IQR) 50.0 (38.30, 59.70) 64.0 (52.40, 73.60)

Education^*

• Never attended school , n (%) 3 (0.6) 0

• Primary or some secondary school, n (%) 212 (40.8) 119 (23.0)

• Completed secondary or vocational training, n
(%)

159 (30.6) 221 (42.6)

• Tertiary education, n (%) 146 (28.0) 178 (34.4)

Employment#*

• Working 393 285

• Not working 13 10

• Home duties 0 5

• Student 6 3

• Retired 100 204

• Unable to work 6 5

• Not applicable 1 8

PA score, median (IQR)** 7.9 (7–9) 7.0 (5–8)

Current smoker, n (%)* 64 (12.3) 38 (7.3)

Current use of medications, n (%)** 64 (12.3) 108 (20.8)

Medical conditions, n (%)** 132 (25.4) 224 (43.1)

BMI (kg/m2), median (IQR)** 26.48 (24.16, 28.97) 27.38 (24.94, 30.12)

Body fat (kg), median (IQR)** 20.43 (15.25, 25.50) 24.35 (18.76, 31.51)

SMI (kg/m2), mean (±SD)** 8.67 (0.90) 8.48 (1.00)

• Low SMI <7.0kg/m2, n (%)* 6 (1.2) 33 (6.4)

TUG (sec), median (IQR) ** 7.10 (6.44, 8.00) 8.43 (7.49, 9.80)

• Slow TUG ≥20 sec, n (%) 0 10 (1.9)

ARFS, mean (±SD) 30.56 (8.78) 31.07 (8.90)

DII, median (IQR)** −0.18 (−1.09, 0.69) 0.18 (−0.75, 1.10)
Energy intake (kj/d), median (IQR)** 8658.14 (6973.17,

10476.96)
7679.27 (6123.96,

9510.77)

PA = physical activity, PA score = Baecke Physical Activity Questionnaire, BMI = Body Mass Index, ARFS
= Australian Recommended Food Score, DII = Dietary Inflammatory Index, SMI = Skeletal Muscle Index, TUG
= Timed Up-and-Go. ^ n=2 missing data at baseline, n=4 missing data at 15-year follow-up, # n=3 missing data at
baseline, n=2 missing data at 15-year follow-up, *significant difference between baseline and 15-year follow-up
values p<0.05, **significant difference between baseline and 15-year follow-up values p<0.001
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consumption of vegetables, jam, tinned fruit, desserts, and cereals;
and (iii) Traditional (Anglo-Australian pattern), characterised by
greater consumption of red, white, and processed meats, unpro-
cessed-fish, fruits and vegetables, wholegrain cereals, nuts, and
discretionary foods such as cakes and biscuits.

Dietary factors and skeletal muscle index

There was no relationship between ARFS and SMI. However, in
both unadjusted and adjusted models, the DII was inversely as-
sociated with SMI, suggesting that consumption of a less inflam-
matory diet was associated with a smaller decrease in SMI over
15 years (Table 2). Higher scores on the Traditional dietary pat-
tern also predicted smaller reductions SMI over 15 years, both
before and after adjustment for confounders. There was some
evidence that higher scores on a Western dietary pattern were
associated with smaller reductions in SMI in unadjusted models
(Table 2); however, this association was lost following adjust-
ment for age, physical activity, and fat mass, with age being the
variable responsible for attenuation. In the unadjusted model,
there was weak evidence that a Plant-focused diet was inversely
associated with SMI but, like the Western dietary pattern, this
association was attenuated after adjustments (Table 3).

Dietary factors and timed up-and-go

The DII was positively associated with the TUG measure
(Table 3), suggesting that a pro-inflammatory diet was asso-
ciated with slower TUG time. While the beta-coefficient was
reduced after adjustment, the model retained significance, in-
dicating that the association between a pro-inflammatory diet
and slower TUG persisted after accounting for differences in
age and PA. Higher scores on the Western dietary pattern also
predicted slower TUG time. However, the association disap-
peared after adjustment for PA, age, and education.
Concordant with the SMI results, age was the variable that
explained the association. Neither the ARFS diet quality
score, Plant-focused, or Traditional dietary patterns were as-
sociated with TUG time.

Discussion

The current study investigated the relationships between a
priori dietary indices, the ARFS and DII, and a posteriori
dietary patterns derived from raw data, with changes in both
lean muscle mass and function in men over a 15-year period.

Fig. 2 Changes in muscle health
measures and diet quality indices
between baseline and 15-year
follow-up. a A significant de-
crease was observed in partici-
pants’ skeletal muscle index be-
tween baseline and 15 years. b
Timed up-and-go scores were
significantly slower at 15 years
compared to baseline. c
Participants’ Australian
Recommended Food Scores
remained consistent over the 15-
year period with R2=0.41 be-
tween the two time points. d
Minor changes were observed
between Dietary Inflammatory
Index scores between baseline
and 15 years with R2=0.24

Osteoporos Int



Both an “anti-inflammatory” dietary pattern and a
“Traditional” dietary pattern, characterised by a greater con-
sumption of vegetables, fruits, nuts, unprocessed-fish,
wholegrain cereals, and both red and white meats, were asso-
ciated with greater SMI, even after adjustment for age and
measures of physical activity. Similarly, an anti-
inflammatory diet was associated with faster TUG, even when
adjusted for age and physical activity. However, neither a
dietary pattern that was also higher in plant foods but lower
in animal proteins, nor a Western-style dietary pattern, was
associated with measures of muscle health. Moreover, a diet
quality score that measures adherence to Australian Dietary
Guidelines, the ARFS, was not observed to predict muscle
mass or function over time.

Our finding that the DII was a significant independent pre-
dictor of SMI and TUG is discordant with results from a sim-
ilar Australian cohort assessed over 10 years, wherein re-
searchers reported that an association between the DII and
muscle mass and quality was attenuated when controlled
for—among other variables—steps-per-day, age, and body
fat [18]. While Cervo et al. also used DXA-derived fat mass
to measure body fat, our current study used the Baecke
Physical Activity Questionnaire to measure PA which is,

arguably, a more comprehensive measure than the steps-per-
day measure of PA used by Cervo et al., and may therefore
provide a more accurate reflection of the impact of PA on the
DII-muscle relationship. While there are no prior studies in-
vestigating the ARFS diet quality score and muscle health, the
ARFS has been previously utilised in body weight research in
Australians, finding no associations with weight gain over 6
years [29]. This may be due to some limitations of this dietary
measure. Although the ARFS is based on types of foods con-
sumed per day, it does not take portion sizes into account and
does not penalise for excessive consumption of discretionary
foods. Furthermore, the ARFS is based on the 2003Australian
Dietary Guidelines, which would have been current at base-
line in this study but outdated for the 15-year follow-up. For
example, points are awarded for consumption of margarine
but not olive oil, the health benefits of which have been well
established since 2003 [9, 30] .

A Traditional dietary pattern was associated with SMI, but
not TUG, even after adjustment for PA, age, and fat mass. The
standardised beta coefficient for the Traditional dietary pattern
and SMI of 0.12 kg/m2 was the largest observed in this study
and translates to an increase of 120g of lean mass per m2 for
every unit increase of the Traditional dietary pattern score.

Table 2 Generalised Estimating Equation results for Skeletal Muscle
Index (SMI)

β 95% CI

Diet quality indices

Australian Recommended Food Score

Model 1# 0.03 −0.02, 0.08
Model 2^ 0.01 −0.034, 0.06
^Model adjusted for PA, age and smoking

Dietary Inflammatory Index

Model 1# −0.05* −0.09, −0.01
Model 2^ −0.04* −0.08, −0.004
^Model adjusted for PA and age, *p<0.05

Dietary patterns

Plant-focused

Model 1# −0.09 −0.18, 0.00
Model 2^ 0.05 −0.04, 0.13
^Model adjusted for PA, age, and fat mass

Western

Model 1# 0.14* 0.04, 0.24

Model 2^ 0.00 −0.10, 0.10
^Model adjusted for PA, age, and fat mass

Traditional

Model 1# 0.19** 0.10, 0.28

Model 2^ 0.12* 0.04, 0.20

#Model unadjusted, ^Model adjusted for PA, age, and Fat mass, PA =
physical activity, *p<0.05, **p<0.001, n=522

Table 3 Generalised Estimating Equation results for Timed Up-and-Go
(TUG)

β 95% CI

Diet quality indices

Australian Recommended Food Score

Model 1# −0.17 −0.34, 0.01
Model 2^ −0.06 −0.22, 0.10
^Model adjusted for PA, education, age

Dietary Inflammatory Index

Model 1# 0.19* 0.06, 0.32

Model 2^ 0.11* 0.001, 0.21
^Model adjusted for PA and age, *p<0.05

Dietary patterns

Plant-focused

Model 1# 0.12 −0.05, 0.28
Model 2^ −0.14 −0.30, 0.02
^Model adjusted for PA, age, and education

Western

Model 1# −0.77** −1.06, −0.48
Model 2^ −0.18 −0.42, 0.06
^Model adjusted for PA, age, and education

Traditional

Model 1# −0.18 −0.37, 0.02
Model 2^ 0.05 −0.11, 0.21

#Model unadjusted, ^ Model adjusted for PA, age, and education,
*p<0.05, **p<0.001, n=522

Osteoporos Int



Therefore, an individual of standard height who improves
their diet from the lowest to the highest score of the
Traditional dietary pattern would increase their lean mass by
1.5kg which may provide a clinically relevant increase in lean
mass [24].

In a previous study assessing the relationship between die-
tary patterns and TUG in participants aged ≥85 years, re-
searchers reported that a dietary pattern high in fruits, vegeta-
bles, grains, and animal products, and low in processed foods,
was associated with faster TUG time compared to a dietary
pattern comparable to the current study’s Western dietary pat-
tern [20]. Similar findings have been reported longitudinally
over a 28-year period, showing a diet similar to our
Traditional dietary pattern predicted healthier physical func-
tioning at 60–64 years old [31]. However, in a 9-year longi-
tudinal French study, which utilised subjective physical func-
tioning measures, no such association was observed [32].
While a trend was observed between the Traditional dietary
pattern and faster TUG in the current study, this was attenu-
ated with adjustment for PA, age, and education. The discrep-
ancy between results for the Traditional dietary pattern and
SMI and TUG outcomes may be due to age-related loss of
muscle mass preceding deterioration of functional ability [33].
Furthermore, this variability in results may also reflect indi-
vidual differences in nutrient status [34]. For example, a
Traditional dietary pattern consumed by a participant who is
protein deficient due to anabolic resistance may have a differ-
ent effect on muscle health than on an individual who is pro-
tein replete. Collection of detailed baseline biological data, in
addition to nutrition intake data, to establish participants’
baseline nutritional status may help to elucidate this potential
determinant in future research.

Of the three dietary patterns identified in this study, the
Traditional dietary pattern was characterised by greater con-
sumption of wholegrains and nuts, and a wider variety of plant
foods and animal foods including non-processed fish, com-
pared to the Western and Plant-focused dietary patterns. The
association observed between the Traditional dietary pattern
and SMI may therefore reflect the important role of intake of a
high diversity of foods, which is more likely to provide a
range of micronutrients and other dietary components. While
literature assessing the association of dietary diversity with
muscle health is scarce, a recent Korean study investigated
dietary diversity and sarcopenia, reporting that, cross-section-
ally, poor dietary diversity was associated with sarcopenia in
women, but not men. Future muscle health research may ben-
efit from investigation of the longitudinal dietary diversity-
muscle health relationship. In addition to diversity, the
Traditional dietary pattern also included greater consumption
of nuts and non-processed fish, compared to the Plant-focused
and Western patterns. Therefore, fat type in the Traditional
dietary pattern may include greater quantities of mono- and
poly-unsaturated fats from these sources. Although not

captured by the FFQ, if fresh fish includes oily fish such as
salmon, the Traditional dietary pattern may provide greater
levels of omega-3 fatty acids which have been directly asso-
ciated with improved muscle metabolism in older adults when
taking in supplemental form [35]. The quantity of high-quality
protein provided by animal products in the Traditional pattern
may also contribute to muscle metabolism by providing a rich
amino acid pool to fuel muscle protein synthesis. In addition
to quantity and source of protein, timing of its consumption is
also an important consideration for muscle anabolism which
may be a useful FFQ component for future diet-muscle
research.

Finally, while higher scores on the Western dietary pattern
were associated with higher SMI and faster TUG in unadjust-
ed analyses, suggesting a non-intuitive beneficial impact of a
highly processed dietary pattern on muscle health, these asso-
ciations were driven by age, as Western dietary pattern scores
were higher in younger males (data not shown).

The biological mechanisms through which healthier die-
tary habits may impact muscle health are numerous and com-
plex; however, one such mechanism is the potential role of
nutrition in attenuating systemic inflammation. Higher con-
sumption of certain foods such as vegetables, nuts, olive oil,
and foods high in anti-oxidants have been associated with
favourable changes in inflammatory biomarkers [36–38]. In
contrast, pro-inflammatory diets which are often low in
wholefoods and micronutrients, and high in fats and refined
carbohydrates, have been associated with increased levels of
pro-inflammatory cytokines including IL-6, CRP, and TNF-α
[11, 39]. Dysregulation of these cytokines has been implicated
in muscle health research, with higher IL-6 and CRP levels
associated with a greater loss of muscle mass longitudinally
over 5 years, and muscle power and strength cross-sectionally
[40, 41]. In addition, chronically elevated pro-inflammatory
cytokines contribute to oxidative stress which is a hallmark of
age-related inflammation [42]. Although the precise mecha-
nisms by which dysregulated cytokines affect muscle health
are still unclear, cytokines such IL-6 and TNF–α are involved
in regulating signalling pathways for muscle metabolism [43].
A potential mechanism of action may therefore be a pro-
inflammatory diet increasing oxidative stress which interrupts
healthy muscle metabolism signalling.

In addition, a growing body of research supports a “gut-
muscle axis”, one aspect of which is the role of the gut
microbiome in regulating inflammation both locally in the
gut and systemically [44]. Indeed, high DII diet quality and
Traditional dietary pattern scores would also represent dietary
intakes that are higher in fibre and healthy fats, known to lead
to greater abundances of beneficial bacteria in the human gut
[45, 46]. Furthermore, while greater intakes of fibre and un-
saturated fats have been associated with higher concentrations
of anti-inflammatory metabolites such as butyrate [47], greater
consumption of saturated fat has been implicated in increased
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gut permeability, which is theorised to contribute to systemic
inflammation [47]. Therefore, both an anti-inflammatory diet
and a Traditional diet may be beneficial for muscle health
through maintaining favourable gut microbiome composition
and function.

Strengths and limitations

One important strength of this study is the number of partic-
ipants with data at two time points, 15 years apart. Also, due to
the extensive data collection conducted in GOS, we were able
to account for a number of medical and lifestyle variables.
One such variable was the robust Baecke Physical Activity
Questionnaire measure of PA, which accounts for leisure,
work, and sport PA. This allowed for adequate adjustment
of participants’ PA, which explained several observed associ-
ations. Assessment of diet using validated instruments facili-
tated rigorous multidimensional measures of diet quality and
patterns, and DXA-derived lean mass and TUG provided ob-
jective measures of muscle health.

Despite its strengths, the study has several weaknesses. The
GOS recruitment was based on a random sampling technique,
which was representative of the European-Australian popula-
tion and may not be generalisable to other populations includ-
ing men of other ethnicities, nor women. Results from the
current study also may reflect those of a healthier cohort of
European-Australian participants, due to volunteer bias,
which is broadly problematic in human research. Moreover,
differential loss to follow-up in association with poor muscle
health may have biased our results. Due to the limited 22
nutritional DII components available from the FFQ data, the
DII scores in the current study may not have been as robust
had we had access to all 45 components in the complete DII
formula. Indeed, the range of DII values was narrower than
those reported previously [25]. Furthermore, longitudinal diet
data was based on baseline and 15-year time points, from
which the GEE models calculated a mean value for analyses.
More frequent diet data points may have provided a more
accurate measure of diet changes over the 15-years; however,
these values appear to be relatively stable of this time period.

Conclusions

A healthy “Traditional” dietary pattern predicted greater mus-
cle mass, and an anti-inflammatory diet predicted greater mus-
cle mass and better muscle function over 15 years in
Australian men. These findings reinforce the importance of
optimising dietary behaviours for healthy ageing. Future lon-
gitudinal research including women and assessing additional
muscle strength outcomes may generate insights directly ap-
plicable to clinical recommendations for preventing and/or

treating sarcopenia. Although methodologically challenging,
long-term dietary interventions would also yield insights into
the potential and relative importance of dietary improvement
for optimising muscle health in older adults.
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