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Abstract

Objective: To explore the relationship between dietary patterns and physical
fitness among older Chinese (>60 years) individuals.

Design: Cross-sectional survey. Dietary data were collected by a simplified semi-
quantitative FFQ. The 30-s Chair Stand test (30sCST), 30-s Arm Curl test (30sACT),
8-foot Time Up-and-Go test (8fTUAGT) and 6-min Walking test (6mWT) were used
to assess physical fitness. Dietary patterns were obtained by factor analysis. The
association between dietary patterns and physical fitness was explored by multiple
logistic regression.

Setting: Six communities (villages) of three districts in Liaocheng City (Shandong
Province, China).

Participants: A total of 596 residents were recruited from April to May 2017.
Results: Among 556 residents who were finally enrolled, 196 were men (35 %) and
360 were women (65%). Three dietary patterns were identified: ‘Western’,
‘Vegetarian’ and ‘Modern’. The 30sACT revealed that men in the fourth quartile
of the Western pattern were less likely to be classified in the ‘high-level’ group,
but men in the fourth quartile of the Vegetarian pattern were classified in the
high-level group. The 6mWT revealed that men in the fourth quartile of the
Modern pattern were classified in the high-level group. These associations were
independent of confounding factors.

Conclusions: Adherence to the Vegetarian pattern and Modern pattern may be pro-
tective factors for maintaining good physical fitness in older Chinese individuals.
The Western pattern may lead to poor physical fitness in this population.
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China is facing the rapid ageing of its population: the total
number of older people reached ~176 million (~13 % of the
entire population) in 2019V, ‘Biological ageing’ is the
gradual loss of physiological integrity. Almost every organ
in the human body is affected by the detrimental effects of
ageing, including skeletal muscle®. The mass and function

3. Age-related
(4

of skeletal muscle decline with ageing
decrease of the mass and function of skeletal muscle
leads to physical fitness decline in older people. This
phenomenon is manifested as an increase in the preva-
lence of osteoporosis, sarcopenia and frailty®” and can
be followed by falls, delirium, fractures and increased
medical burden®?. Therefore, maintenance of good physi-
cal fitness for older people can aid avoidance of adverse
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outcomes. Early detection and treatment of physical
decline has a crucial role in preventing or delaying the
onset of physical disability?.

A balanced diet and good physical fitness are the keys
to healthy ageing, and they are closely related. Studies
have suggested that diet is a major factor affecting muscle
(D and muscle function?. Healthy eating habits may
contribute to increased skeletal muscle mass and help
maintain good function!?),

Tests of physical fitness can be used to evaluate several

mass

abilities (e.g., lower and upper body strength, aerobic
endurance and motor agility/dynamic balance) objectively,
which support the behaviours necessary to undertake
everyday activities. Several studies have explored the
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association between food nutrients and physical fitness!?,

including protein, dietary fibre, vitamin D and some antiox-
idants"*17_ The daily diet is often a combination of various
foods, and there are often complex interactions between
foods and nutrients'®. Therefore, a food-based dietary pat-
tern is better than nutrients in analysing the association
between overall diet and physical fitness. Some studies
have also explored this association. Close adherence to
the ‘Mediterranean diet’ is associated with better physical
fitness, whereas a Western dietary pattern may contribute
to frailty’??. One study based on an Asian population
showed that a better overall quality of the diet may be asso-
ciated with improved physical fitness??. However, dietary
structures among countries are quite different, and few
studies have demonstrated this association among older
people in China.

We analysed the dietary patterns and tested the physical
fitness of older people residing in Liaocheng City
(Shandong Province, China). In particular, we investigated
the association between dietary patterns and physical fit-
ness to explore a practicable dietary pattern to maintain
better physical fitness and improve health and well-being
in older Chinese people.

Methods

Study population

The individuals in the current study were from Shandong
Province and part of the Formative Health Assessment
Instrument and Parameters for the Elderly project. This is
a cross-sectional study carried out across China since
2015. It includes assessment instruments and parameters
for physical fitness, mental health, social health, diet and
nutrition health, and chronic diseases in older people.
The goal of this project is to create a national ‘healthy
ageing’ strategy that helps to decrease the prevalence of
chronic non-communicable diseases and slows down the
loss of skeletal muscle function.

Using cluster sampling, six communities were selected
from the urban, suburban and rural areas in Liaocheng
City from April to May 2017. The exclusion criteria were
age <60 years, suffering from severe mental illness, chronic
disease or limitation of daily activities which would restrict
responses to questionnaires or completion of physical
fitness tests. Finally, 596 participants were recruited:
214 men (36 %) and 382 women (64 %) aged 60-93 years.

Covariate assessment and antbropometric
measurement

Participants were required to complete a questionnaire
during a face-to-face interview. The questionnaire con-
tained information on age, sex, residential area, occupa-
tion, marital status, education level, income and medical
history of 28 diseases (e.g., high blood pressure, CHD
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and diabetes mellitus). Height measurement was corrected
to 0-1 cm and weight measurement was corrected to 0-1 kg.
We used the International Physical Activity Questionnaire
Short Form to evaluate physical activity, and its reliability
and validity have been evaluated in the Chinese popula-
tion®?. According to Gao and colleagues, the question
of frequency and duration of low physical activity were
supplemented®?,

Assessment of dietary intake

Information on dietary intake was measured using a simpli-
fied semi-quantitative FFQ, which has been tested for
reliability and validity in a population of older Chinese
people®. Participants were asked by trained investigators
to recall average consumption per serving for each food
item and eating times over the previous year. The fre-
quency of consumption was divided into five categories:
‘never or seldonmy’, ‘per day’, ‘per week’, ‘per month’ or
‘per year’. According to the Chinese Food Composition
Table®, the food items in the questionnaire were divided
into 14 groups (refined cereals, coarse cereals, potatoes,
mixed beans, vegetables, fruits, red meat, poultry, fish/sea
food, eggs, dairy products, soyabeans, nuts and alcoholic
beverages). We calculated the amount consumed (g/d) of
each group and energy intake. We excluded people whose
energy intake <2510-4 KJ or >16 736-0 KJ or individuals
whose food intake exceeded the mean plus 6 sp. The final
number of participants evaluated was 550.

Test of pbysical fitness

Assessment of physical fitness was based on four tests: 30-s
Chair Stand test (30sCST), 30-s Arm Curl test (30sACT), 8-
foot Time Up-and-Go test (8fTUAGT) and 6-min Walking
test (6mWT)2®,

The 30sCST assesses lower body strength. Each partici-
pant sat in the middle of a chair with his/her feet separated,
and arms folded cross the chest. The investigator recorded
the number of times the participant stood up and then sat
down within 30 s.

The 30sACT assesses upper body strength. The partici-
pant sat on a chair holding a hand weight (women, 2-3 kg;
men, 3-6kg), with the other arm close to the body. The
investigator recorded the number of bicep curls within
30 s. Both arms were tested, and the one with the higher
number of bicep curls was documented.

The 8fTUAGT assesses agility/dynamic balance. Each
participant was required to arise from a seated position
without the use of arms, walk around a landmark placed
2-45 m from the chair and then return to the original sitting
position. The investigator recorded the time spent on the
8fTUAGT.

The 6mWT assesses aerobic endurance. Each partici-
pant was in the standing posture and walked at his/her
usual pace along a prescribed route. The investigator
recorded the walking distance within 6 min.
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Test results were divided into four quartiles according
to sex or age (<70 or >70years). The fourth quartile
(Q4) was defined as the ‘high-level group’, and the other
three quartiles were defined as the ‘low-level group™™?.

Statistical analyses

Continuous variables are presented as the mean and sp.
Categorical variables are expressed as sums and percent-
ages. According to the classification of variables, the
differences between men and women were compared
using the Student’s #-test or y* test, and the differences
among quartile categories of dietary patterns were com-
pared using ANOVA or y? test. Principal component analy-
sis was employed to identify dietary patterns and determine
factor loadings for consumed amounts (g/d) of the 14 food
groups. The Kaiser—-Meyer—Olkin test and Bartlett’s test of
sphericity were used to evaluate whether the correlation
matrix was suitable for factor analysis. The varimax rotation
function was used to obtain a simple correlation matrix.
The factor score coefficients were estimated by the regres-
sion method. Factor scores were used to represent the
dietary pattern for each participant, and a higher factor
score indicated higher adherence to a dietary pattern.
Scores for dietary patterns were categorised into quantiles.
Q1 was considered as the reference (‘low adherence’)
and Q4 denoted ‘high adherence’. OR and 95 % CI were
calculated. Multiple logistic regression was used to exam-
ine the possible association between physical fitness and
adherence to each dietary pattern after adjustment for
potential confounders (age, sex, BMI, physical activity,
energy intake, total number of diseases, residential area,
occupation, marital status, education level and income).
Analyses were undertaken using SPSS v21.0 (IBM).
P < 0-05 was considered significant.

Results

Among 556 participants, 196 (35 %) were men and the mean
age was 69-3 £ 6-4 years; 360 (65%) were women and the
mean age was 09-5 + 6-2 years. The energy intake of men
was higher than that of women, and men had fewer diseases
than women. Marital status (P<0-001) and education
level (P < 0-001) between sexes were significantly different.
6mwWT results showed that men walked further than women
in 6 min (P < 0-001) (Table 1). Characteristics of participants
by quartile categories of three dietary patterns are shown in
online supplementary material, Supplemental Table 1.
Statistical analyses showed that Kaiser-Meyer—
Olkin = 0-65 and that P < 0-05 for Bartlett’s test?”. Three
factors of eigenvalue >1-0 were selected and accounted
for 34-4 % of the total variance. Food groups with a factor
loading >0-35 on a dietary pattern were considered to be
substantial contributors to the dietary pattern (Table 2).
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The first pattern (named “Western’) was characterised by
a high intake of red meat, alcoholic beverages, refined cer-
eals, eggs, poultry and fish/sea food. The second pattern
(named ‘Vegetarian’) was directly associated with con-
sumption of coarse cereals, mixed beans, vegetables and
soyabeans. The third pattern (named ‘Modern’) was asso-
ciated with a high intake of dairy products, nuts and fruits.

The association between dietary patterns and physical
fitness (according to quartiles of dietary pattern scores)
stratified by sex is provided in online supplementary
material, Supplemental Table 2. Table 3 shows the OR of
Q4 v. Q1. We adjusted according to age, BMI, physical
activity, energy intake and total number of diseases.
For the 30sACT, logistic regression showed that partici-
pants (men) with higher adherence to a Western pattern
(Q4 v. Q1) were less likely to be classified in the high-level
group (OR =021, 95 % CI =0:06, 0-74), thereby reflecting
worse upper body strength. Participants with higher adher-
ence to the Vegetarian pattern (men) or Modern pattern
(women) were more likely to appear in the high-level
group (OR=3-51, 95% CI=1-10, 11-19 and OR =233,
95 % CI =1-10, 4-93, respectively), thereby reflecting better
upper body strength. For the 6mWT, participants with
higher adherence to the Modern pattern (men) were more
likely to be classified in the high-level group (OR = 3-02,
95% CI=1-09, 837), thereby reflecting better aerobic
endurance. After further controlling for residential area, occu-
pation, marital status, education level and income, the asso-
ciation remained significant in men but not in women.

The results of the analysis by age group are shown
in online supplementary material, Supplemental Table 3.
All 556 participants were divided into two groups:
group 1 (age <70years) and group 2 (age >70 years).
Compared with participants in Q1 of the Western pattern,
participants in Q4 were less likely to be classified in the
high-level group for the 30sACT (group 1) and 8fTUAGT
(group 2) after adjustments for age, sex, BMI, physical
activity, energy intake and total number of diseases,
thereby reflecting worse upper body strength and agility/
dynamic balance. However, after further controlling for
confounding factors, this association ceased to be
significant.

Discussion

We observed three dietary patterns: Western, Vegetarian
and Modern. Adherence to the Modern pattern was
associated with better aerobic endurance in men and
stronger upper body strength in women. Adherence to
the Vegetarian pattern was associated with stronger upper
body strength in men. In contrast, adherence to the
Western pattern was associated with weaker upper
body strength in men and younger participants and was
associated with worse agility/dynamic balance in older
participants.
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Table 1 Characteristics of male and female participants in the current study*
Total (n 556) Male (n 196) Female (n 360)

Variables n % n % n % Pt

Age (years) 0-725
Mean 69-4 69-3 695
SD 6-3 64 6-2

BMI (kg/m?) 0-054
Mean 257 252 25.9
SD 39 36 4.0

Physical activity (METs-h/week) 0-905
Mean 73-6 741 73-4
SD 65-3 741 66-1

Energy intake (KJ) <0-001
Mean 6389-8 7479-3 5796-5
SD 23493 2560-6 19924

Total number of diseases <0-05
Mean 2.2 1.9 2:3
SD 1.7 1.5 1.8

Residential area (%)
Urban area 163 294 50 25.5 113 314 0-146
Rural area 393 70-6 146 74.5 247 68-6

Occupation (%)
Vigorous intensity 499 89.7 170 86-7 329 91-4 0-107
Low or moderate intensity 57 10-3 26 13-3 31 8-6

Marital status (%)
Uncoupled 142 25.5 28 14.3 114 317 <0-001
Coupled 414 745 168 857 246 68-3

Education level (%)
Uneducated 235 42-3 38 194 197 54.7 <0-001
Primary or secondary 284 511 138 70-4 146 40-6
High school or college 37 6-7 20 10-2 17 4.7

Income (%)
<1000 RMB/month 417 75-0 137 69-9 280 77-8 0-051
>1000 RMB/month 139 25.0 59 30-1 80 22.2

30-s Chair Stand (no. of stands) 0-465
Mean 13-6 137 13-5
SD 36 3-8 36

30-s Arm Curl (no. of bicep curls) 0-769
Mean 14-6 14.5 14-6
SD 35 3-6 35

8-foot Time Up-and-Go (s) 0-244
Mean 6-8 6-7 6-9
SD 1.7 1.8 1.7

6-min Walking test (min) <0-001
Mean 432.9 453.0 421-9
SD 90-7 93-5 87-3

MET, metabolic equivalents.

*Continuous variables are presented as the mean and sp, and categorical variables are presented as sums and percentages.

tStudent's ttest for continuous variables and 42 test for categorical variables.

The Vegetarian pattern (coarse cereals, mixed beans,
vegetables, soyabeans and potatoes) and the Modern pat-
tern (dairy products, nuts, fruits, fish/sea food and soya-
beans) were beneficial to the physical fitness of the older
participants in the current study, and they were similar to
other diets that have been reported to be healthy. Such
examples include the Mediterranean diet, Nordic diet
and other healthy diets of which the common characteris-
tics are a high intake of fish/seafood, fruit, vegetables, nuts,
legumes, whole grain/cereal products, dairy and low
intake of red meat/meat products%2529,

Studies have shown that healthy dietary patterns
have positive effects on physical fitness of older people.
A cross-sectional study conducted among older adults in
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Spain showed that the Mediterranean pattern was associ-
ated with faster gait speed in men®”. Based on several

cohort studies8-39

, participants with higher adherence
to the Mediterranean diet at baseline have faster walking
speed over 8years®?.
that the Nordic diet helped older women perform better
in the 6mWT, 30sACT and 30sCST, which reflected better
aerobic endurance and upper and lower body strength®®.

Granic and coworkers showed that participants classified

Perala and colleagues showed

in a ‘Low Meat’ pattern showed overall better performance
in the 8fTUAGT in the entire cohort®. Our results con-
firmed the findings stated above. Meanwhile, a healthy diet
has also been associated with stronger grip strength, %1133
which is the most frequently used indicator of muscle
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Table 2 Dietary patterns and factor loading matrix of older adults*

Western Vegetarian Modern
Red meat 0-605 - -
Alcohol beverages 0-573 - -
Refined cereals 0-538 0-233 -0-282
Eggs 0-469 - -
Poultry 0-450 - -
Fish/seafood 0-431 - 0-265
Coarse cereals - 0-653 -0-317
Mixed beans - 0-604 -
Vegetables - 0-556 -
Soyabeans - 0-481 0-321
Potatoes 0-223 0-331 0-260
Dairy products - - 0-662
Nuts 0-236 - 0-554
Fruits - - 0-409

*Absolute values <0-20 were excluded for simplicity, absolute values >0-35 are
emboldened.

functional capacity for clinical purposes (though this indica-
tor was not used in our study). In addition to the muscle
strength measured by physical fitness tests, decreased muscle
mass in older people (an important symptom of sarcopenia
and frailty) is also closely related to skeletal muscle health. A
cross-sectional study in South Korea observed that older men
with a healthy dietary pattern had higher appendicular
muscle mass®?. Similarly, the results of longitudinal studies
have demonstrated that a better quality of diet or adherence
to a healthy diet is associated with a lower risk of sarcopenia
in older people®37. The findings of a meta-analysis sug-
gested that a diet high in fruit, vegetables and whole grains
may be associated with a reduced risk of frailty®®. Our
research did not involve muscle mass but, overall, it is clear
that a balanced and healthy diet is essential for the skeletal
muscle health of older people. Long-term adherence to a
healthy dietary pattern can prevent sarcopenia and frailty.

Y Lyu et al.

Several mechanisms could explain the associations
observed in the present study. Studies have demonstrated
that oxidative damage® and inflammation“”’ can lead to
poor muscle function in older adults. Appropriate intake of
vegetables and fruits rich in antioxidants can maintain
healthy muscle activity and have a protective effect on
age-related oxidative stress. Diets rich in dietary fibre can
lower levels of C-reactive protein, which is associated with
inflammationV. 7-3 PUFA, levels of which are high in
some fish and nuts, exert anti-inflammatory effects on
muscle function by reducing production of inflammatory
mediators and expression of adhesion molecules“?.
Furthermore, individuals who have high consumption of
dairy products have stronger grip strength and lower body
muscle strength?. Studies have shown that the synthesis
and metabolism of protein in muscles in older people are
affected by negative changes in the homeostasis of proteins
and amino acids. Also, the supply of proteins or amino
acids (especially legume proteins) is beneficial to this
process*?. We postulate that Vegetarian (whole cereals,
soyabeans, mixed beans and vegetables) and Modern
(dairy products, nuts, fruits, soyabeans and fish/sea food)
patterns may prevent oxidative damage and inflammation
and have the beneficial effects of proteins and, thus, have a
positive effect on physical fitness in older people.

Older individuals with high adherence to the Western
pattern (as characterised by high consumption of red
meat, alcoholic beverages, refined cereals, eggs, poultry
and fish/sea food) showed worse upper body strength and
agility/dynamic balance. Bibiloni and colleagues observed
that the Western dietary pattern was associated with slower
gait speed and lower body strength, agility and aerobic
endurance and may be a contributor to frailty®”. Intake
of fatand red/processed meat has been shown to be related

Table 3 Association between physical fithess and adherence to three dietary patterns among male and female participants*

Male Female
OR1t 95 % ClI P OR2t 95 % Cl P OR1t 95 % Cl P OR2t 95 % Cl P

30-s Chair Stand (no. of stands)

WP 125 0-29, 5-30 0767 1.06 0-23,4.84 0937 091 0-38, 2:19 0-831 097 0-40,2:38 0-954

VP 236 0-67,8-38 0184 221  0-61,8:05 0229 084 0-38,1-89 0676 086 0-38,1:95 0-718

MP 094 0-37,242 0900 076 0-28,2:12 0-603 125 0-61,2:54 0543 095 0-45,2.03 0-898
30-s Arm Curl (no. of bicep curls)

WP 021  0-06,0-74 <0-05 022  0-06, 0-82 <0-05 078 0-31,1.94 0590 078 0-31,1.99 0-601

VP 351 110, 1119 <0-05 4.30 1.28,14.42 <0-05 060 0-26, 1-36 0219 063 027,146 0-280

MP 118  0-48,2.95 0717 1.03  0-40, 2-68 0956 233 1.10,4.93 <0-05 1.76 081,384 0-157
8-foot Time Up-and-Go (s)

WP 061 018,213 0440 058 0-16, 2-09 0-407 065 0-25,1.71 0-380 074 0-28,1.97 0-546

VP 0-50 0-15,1-64 0250 051 0-15,1.74 0284 117  0-49,2.78 0720 139 0-56, 341 0.475

MP 1.22 045, 3-33 0697 1.04 0-37,2:95 0-941 1.99 091,434 0-085 140 0-60,3-28 0-433
6-min Walking (m)

WP 055 0-14,2.21 0-398 050 0-12,2-06 0-334 075 0-29,1.92 0548 082 0-32,2:14 0-691

VP 1.27 040, 4-10 0687 136 0-41,4.52 0612 055 0-23,1-36 0196 056 022,143 0-227

MP  3.02 1.09, 8-37 <0-05 317  1.10,9-13 <0-05 114  0-51,2.55 0784 1.06 0-45,2.53 0-894

WP, Western pattern; VP, Vegetarian pattern; MP, Modern pattern.

9/10.1017/5136898002000333X Published online by Cambridge University Press

*Factor scores of each dietary pattern were categorised into quantiles. Q1: lowest quartile of dietary patterns. Q4: highest quartile of dietary patterns. Q4 v. Q1 (reference).
1tModel 1 was adjusted for age, BMI, physical activity, energy intake and total number of diseases.
1Model 2 was adjusted for age, BMI, physical activity, energy intake, total number of diseases, residential area, occupation, marital status, education level and income.
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to increased oxidation as well as inflaimmation”, data
which may support our findings. However, studies based
on South Korean populations have drawn different conclu-
sions from ours. They found that in metropolitan areas, the
group eating more meat (high intakes of beverages and
alcohol, eggs, meats, meat products and low intakes of
vegetables) had better grip strength because of the
adequate intake of protein®. In our study, most of the
participants came from rural areas with low economic
status and education level. Therefore, in addition to the
quality of the diet, there may have been other health-
related behavioural issues that affected their physical
fitness. Dietary patterns are usually closely related to life-
style, and the Western pattern is related to less healthy
behaviours“”. Dietary patterns are also associated with
obesity, systemic inflammation, CVD, poor cognitive func-
tion and depression, all of which may increase the risk of
frailty™”, and lead to further decline in physical fitness in
older people. The impact of healthy behaviours on diet
and physical fitness merits further exploration.

In the present study, one of the characteristics of the
Western pattern was high intake of fish/seafood, which,
in general, is regarded as an optimal food for maintaining
muscle mass and preventing sarcopenia® and usually
denotes a healthy diet'*®. However, dietary pattern rep-
resents the overall diet; there may be complex interactions
between food. Although the Western dietary pattern con-
tains favourable food factors, the whole Western pattern
shows an adverse effect on physical fitness.

Our study had several strengths. Similar studies have
been carried out in European populations, but, to our
knowledge, this is the first study to focus on the association
between dietary patterns and physical fitness among an
older Chinese population. In addition, dietary pattern
analyses can highlight the impact of the overall diet on
physical fitness rather than that of a certain food.
Moreover, studies"? have mostly used the Short Physical
Performance Battery test, walking speed or grip strength
to measure physical fitness. Compared with those tests,
the physical fitness indicators selected in our study can
reflect the overall physical fitness, including upper body
strength, lower body strength, agility/dynamic balance
and aerobic endurance.

Our study had four main limitations. First, due to its
cross-sectional design, we could not ascertain a causal rela-
tionship between dietary patterns and physical fitness.
Second, the sample size of the current study was small
(especially for males). This small size hampered use of
more age groups when carrying out subgroup analyses
for age, but age is an important factor for the physical fit-
ness in older individuals. Third, urban and rural samples
were distributed unevenly, and all participants came from
Shandong Province, so the results may not be a good rep-
resentation for all older people from China. Fourth, even
though we adjusted for possible confounding factors, such
as physical activity, energy intake and socio-demographic
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characteristics, we could not control the residual con-
founding or effect modifications caused by other unmeas-
ured covariates. Further studies need to be continued in
other provinces in China, and more attention should be
paid to the balance of sex and region of residence of
participants.

Conclusions

Our study indicated that the Modern pattern was associated
with better aerobic endurance and stronger upper body
strength, the Vegetarian pattern was associated with
stronger upper body strength and the Western pattern
was associated with weaker upper body strength and
worse agility/dynamic balance. Adherence to a dietary pat-
tern characterised by high consumption of coarse cereals,
mixed beans, vegetables, soyabeans, dairy products, nuts
and fish/sea food may be helpful to maintenance of good
physical fitness, whereas adherence to the Western dietary
pattern may result in poor physical fitness among older
adults. Even small improvements in physical fitness can
have a considerable impact on the quality of later life, so
carrying out dietary health education and physical fitness
training for older individuals is needed.
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