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Abstract
Background Sarcopenia can lead to a series of unfavourable health outcomes. Diet is an important factor 
influencing sarcopenia. In this study, we aimed to evaluate the association of sarcopenia with diet quality assessed by 
the Chinese Diet Balance Index 2016 (DBI-16).

Methods A cross-sectional study was conducted to collect information on nutrition and health in Henan Province, 
China, and a total of 644 individuals were studied. Sarcopenia was defined according to the Asian Working Group for 
Sarcopenia (AWGS) criteria updated in 2019. Diet quality was assessed by using the Chinese Diet Balance Index 2016 
(DBI-16), which includes three indicators: the lower bound score (LBS), higher bound score (HBS) and diet quality 
distance (DQD). Binary logistic regression analysis was used to estimate the risk of sarcopenia associated with diet 
quality.

Results A total of 49 of the 644 participants were diagnosed with sarcopenia. Excessive intake (score > 0) of cereals, 
meat, eggs and salt, inadequate intake (score < 0) of vegetables, fruits, dairy products, soybeans and low diet variety 
were commonly seen in both groups of participants. The participants with sarcopenia had a more serious inadequate 
intake of fruit than those without sarcopenia (p < 0.05). The overall LBS, HBS and DQD in both groups were in the 
interval of low-level problems. Compared with participants with a suitable LBS, those with an unsuitable LBS were 
more likely to have a low gait speed (OR: 2.58; 95%CI: 1.13–7.04) after multiple adjustments. However, the other two 
DBI-16 indicators, the HBS and DQD, were not associated with sarcopenia or its related diagnostic variables.

Conclusion Unfavourable diet quality, mainly referring to inadequate dietary intake in this study, may be a risk factor 
for low gait speed.
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Background
Sarcopenia is a progressive and generalized skeletal 
muscle disorder induced by a continuous loss in muscle 
strength, muscle function, and skeletal muscle mass [1]. 
Research has found that muscle mass and strength peak 
around the age of 40 years, and beyond the age of 50 
years, muscle mass and muscle strength decrease at a rate 
of 1–2% and 1.5-5% per year, respectively [2]. According 
to epidemiological research, the prevalence of sarcope-
nia ranges from 5.1 to 21.0% among males and 4.1–16.3% 
among females in Asian countries [3]. In China, these fig-
ures are 8.9–13.4% among males and 10.7–15.1% among 
females [4]. Sarcopenia has been found to be associated 
with a higher risk of a series of unfavourable health out-
comes, including falls, frailty, functional impairments 
and mortality [5]. Sarcopenia not only affects the patients 
themselves but also increases the burden on society and 
the economy. It is reported that the USA government 
spends 18.5 billion dollars per year for direct health care 
related to sarcopenia alone [6]. It is of great significance 
to explore the related risk factors for the prevention and 
treatment of sarcopenia.

Unhealthy diet is a major risk factor for noncommuni-
cable diseases globally, including type 2 diabetes mellitus, 
cardiovascular disease, and certain types of cancer [7–9]. 
A study conducted among USA adults found that, from 
1999 to 2016, despite minor improvements in the overall 
diet quality, important dietary challenges remained such 
as continued high intake of low-quality carbohydrates 
and saturated fat [10]. The relationship between diet 
and muscle health has also received growing attention 
recently. Although the loss of muscle mass and decline in 
physical function are considered to be mainly caused by 
ageing, nutrition status and diet also play important roles 
in sarcopenia [11].

A series of a priori indices based on dietary recommen-
dations or dietary patterns associated with chronic dis-
ease, such as the Healthy Eating Index (HEI), Alternative 
Healthy Eating Index (AHEI), and Dietary Approaches to 
Stop Hypertension (DASH) score, have been commonly 
used to assess the quality of diet [12–14]. The Dietary 
Balance Index (DBI), established based on the Dietary 
Guidelines for Chinese Residents published in 2016, 
is used to assess the overall diet quality in the Chinese 
population [15]. The DBI-16 consists of three indicators, 
including the lower bound score (LBS), higher bound 
score (HBS) and diet quality distance (DQD), which rep-
resent inadequate intake, excessive intake and overall diet 
imbalance, respectively. Compared with other traditional 
indices, the ability of the DBI-16 to assess diet quality 
comprehensively and visually is its greatest advantage. 
The DBI-16 has been used to investigate the relationship 
between diet quality and the risk of some other chronic 

diseases, such as diabetes, stroke and hyperlipidaemia 
[16–18].

Current research on the association of diet and sarco-
penia mostly focused on the effects of single nutrients 
instead of assessing the diet as a whole [19, 20]. So far, 
the relationship between dietary quality and the risk of 
sarcopenia has not been fully investigated in Chinese 
population. In addition, the dietary quality indices used 
in previous studies may not suit the characteristics of 
Chinese diet [21]. Accordingly, in this study, we assessed 
the dietary quality by using DBI-16, which is a more suit-
able index for Chinese population, and explored the asso-
ciation of dietary quality and the risk of sarcopenia based 
on a cross-sectional study of general Chinese adults from 
Henan Province.

Participants and methods
Study design and population
The participants in this cross-sectional study included 
residents aged 25–75 years from three communities in 
Henan, China. Information on diet, lifestyle and anthro-
pometry was collected from January to November 2020. 
After excluding 75 individuals with missing data on 
diet, variables related to sarcopenia diagnosis and other 
covariates, a total of 644 participants were included in 
this study.

This study was approved by the Ethical Review Com-
mittee, and written informed consent was obtained from 
all participants (Protocol 2020–KY-066).

Sarcopenia assessment
Sarcopenia was defined according to the 2019 AWGS 
diagnostic criteria [3]. Muscle mass was measured by 
bioelectrical impedance analysis (Inbody 570, Bio Space, 
Seoul, Korea). All participants changed into paper gowns 
and were asked to remove all jewellery and other per-
sonal effects that could interfere with the examination. 
The participants were also asked not to exercise or engage 
in other physical activity before the examination. The 
height-adjusted appendicular skeletal muscle mass index 
(ASMI) was defined as appendicular skeletal muscle mass 
(ASM) divided by height squared. Low muscle mass was 
defined as an ASMI below 7.0 kg/m2 in males and below 
5.7  kg/m2 in females. Muscle strength was assessed by 
grip strength, which was measured using a dynamom-
eter (EH101; Camry, Zhongshan, China), and low grip 
strength was defined as < 28  kg in males and < 18  kg in 
females. Physical performance was assessed by usual gait 
speed (m/s) on a 6-m course, and a slow walking speed 
was defined as a speed slower than 1.0 m/s. Sarcopenia 
was defined as low muscle mass plus low muscle strength 
or physical performance, and severe sarcopenia was 
diagnosed when all three criteria were met [3]. Consid-
ering the small sample size of this study, the sarcopenia 
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stage (including severe sarcopenia) and its elements (low 
muscle mass, muscle strength, and physical performance) 
were also analysed.

Dietary data collection
A semiquantitative Food Frequency Questionnaire (FFQ) 
that included 68 items for foods and beverages was used 
to collect information on the participants’ dietary intake 
in the past year. The FFQ used in this study has been vali-
dated for reliability and adjusted for the dietary habits 
of the residents in Henan [22, 23]. The frequencies and 
portion sizes of each item were determined by means of 
face-to face interviews with the aid of food models. Oil 
and condiment consumption was assessed with the total 
amount of household consumption in one month divided 
by the number of days in the month and the number of 
members usually eating at home. The division of food 
categories and the calculation of energy intake were 
based on the China Food Composition (National Insti-
tute of Nutrition and Food Safety, China CDC).

Chinese diet balance index 2016
The Chinese DBI-16 is a revised version of the DBI-07 
that aims to evaluate the overall diet quality in the Chi-
nese population based on the Dietary Guidelines for 
Chinese Residents published in 2016 [15]. The DBI-16 
consists of 14 subgroups and 8 components with different 
score ranges: [1] cereals (-12-12); [2] vegetables and fruits 
(vegetables 0–6, fruits 0–6); [3] dairy and soybeans (dairy 
− 6 − 0, soybeans − 6 − 0); [4] animal foods (meat − 4–4, 
fish − 4 − 0, eggs − 4–4); [5] empty energy food (cook-
ing oil 0–6, alcohol 0–6); [6] condiments (sugar 0–6, 
salt 0–6); [7] diet variety (-12-0); and [8] drinking water 
(-12-0). A score of 0 means that the food intake meets 
the recommendation of the dietary guidelines. Negative 
or positive scores indicate insufficient or excessive food 
intake, respectively. The DBI-16 further divides food into 
12 groups to determine diet variety. The guidelines give 
different recommendations for food intake according to 
11 energy levels, so the scoring of each component is also 
based on 11 levels of energy intake.

The DBI-16 indicators were calculated with the scores 
for each component, including the lower bound score 
(LBS), higher bound score (HBS) and diet quality dis-
tance (DQD). The LBS was the absolute value of the sum 
of all negative scores, indicating insufficient food intake. 
The HBS was the sum of all positive scores, indicating 
excessive intake. The DQD was the sum of the absolute 
value of scores for each component, indicating overall 
dietary imbalance. The ranges of the LBS, HBS, and DQD 
in our study were 0–60, 0–44, and 0–84, respectively, 
due to a lack of data on drinking water intake. A score 
of 0 represented a suitable dietary intake (no problems), 
a score less than 20% of the total score represented an 

almost suitable dietary intake (almost no problems), a 
score between 20% and 40% of the total score represented 
a minor intake problem (low-level problem), a score 
between 40% and 60% of the total score represented a 
moderate intake problem (moderate-level problem), and 
a score greater than 60% of the total score represented a 
severe intake problem (high-level problem).

Assessment of other variables
Information on demographic characteristics and life-
styles, including sex, age, living area, marital status, edu-
cation level, smoking status, nap frequency and disease 
status (whether an individual had other chronic diseases, 
such as hypertension and diabetes), was collected by 
a general questionnaire. Height and weight were mea-
sured by experienced investigators. Physical activity was 
measured using the Chinese version of the International 
Physical Activity Questionnaire (IPAQ). The moderate-
vigorous physical activity (MET-h/d, MET, metabolic 
equivalent of task) was calculated for each participant 
according to Chinese Guidelines for Chinese Residents 
[24].

Statistical analysis
All data analyses were performed using SAS statistical 
software, version 9.3 (SAS Institute, Cary, NC, USA). 
A p value < 0.05 was considered statistically significant. 
Continuous variables are described by means and stan-
dard deviations (mean ± SD) and were compared by using 
Student’s t test. Categorical variables are described by 
frequencies and percentages (n, %) and were compared 
by using the chi-square test. The association of the indi-
cators of the DBI-16 with the risk of sarcopenia and its 
elements was assessed using binary logistic regression 
analysis by odds ratios (ORs) and 95% confidence inter-
vals (CIs). In the analysis, Model 1 was the crude model, 
and Model 2 was adjusted for potential confounders (sex, 
age, marital status, disease status, nap frequency and 
physical activity).

Results
Characteristics of the participants
Among the 644 participants, 61.7%(n = 397) were male, 
and 52.9% (n = 341) were over 60 years old. Of these 
participants, 86.2% (n = 555) were urban residents, and 
58.7% (n = 378) had received a high school level educa-
tion or higher. A total of 49 (7.6%) participants were diag-
nosed with sarcopenia based on the 2019 AWGS criteria. 
Table 1 shows the basic characteristics of the participants 
according to sarcopenia status. Compared with the group 
without sarcopenia, the group with sarcopenia was more 
likely to be over 60 years old, have a lower education level 
and have lower BMI, ASMI and grip strength values.
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Assessments of diet quality
Table  2 shows the distribution of scores for the DBI-16 
components. Excessive intake (score > 0) of cereals, meat, 
eggs and salt were commonly seen in both groups, with 
corresponding proportions of 80.3%, 47.8%, 70.7%, and 
73.4% in the group without sarcopenia and 85.8%, 49.0%, 
63.3%, and 69.4% in the group with sarcopenia. In con-
trast, both groups had a large proportion, from 59.8 to 
100%, of inadequate intake (score < 0) of vegetables, fruits, 
dairy products, soybeans and low diet variety. For the 
alcoholic beverage, oil and added sugar categories, most 
participants in the two groups met the recommended 
dietary intakes (score = 0), with proportions ranging from 
65.4 to 98.0%. Only the fruit category showed significant 
differences in score distribution between the two groups. 

The group with sarcopenia had a larger percentage of 
inadequate fruit intake (p < 0.05).

Table 3 shows the distribution of the DBI-16 indicators 
among the participants. The LBS indicates the degree of 
inadequate dietary intake; 66.3% and 24.5% of the par-
ticipants in the group without sarcopenia had low and 
moderate levels of insufficient intake, respectively. In 
contrast, 61.2% and 32.7% of the participants in the sar-
copenia group had low and moderate inadequate intake 
levels, respectively. The HBS indicates excessive dietary 
intake; more than half of the participants had low levels 
of excessive intake, the percentage of which was 57.4% 
in the group without sarcopenia and 67.3% in the group 
with sarcopenia. The DQD was used to evaluate overall 
dietary intake imbalance, and 53.7% and 44.4% of the 
participants without sarcopenia had low and moderate 
levels of imbalanced dietary intake, respectively. The fig-
ures were 51.1% and 46.9% in the group with sarcopenia.

Association of the DBI-16 indicators with the risk of 
Sarcopenia and its components
The results of the binary logistic regression analysis are 
shown in Table  4. Compared with participants with a 
suitable LBS, those with an unsuitable LBS were more 
likely to have a low gait speed (OR: 2.58; 95%CI: 1.13–
7.04) after adjusting for sex, age, marital status, disease 
status, physical activity and nap frequency. The LBS was 
not found to be related to the risk of sarcopenia, ASMI 
value or grip strength. In addition, a statistical associa-
tion was not observed among the HBS, DQD and risk of 
sarcopenia or its components in the unadjusted and mul-
tivariable-adjusted models (Model 1 and Model 2).

Discussion
In this cross-sectional study conducted in Henan Prov-
ince, Central China, we observed that diet imbalance was 
commonly seen in both participants with and without 
sarcopenia, mainly including inadequate intake of vege-
tables, fruits, dairy products, soybeans and fish, excessive 
intake of cereals, eggs and salts and a lack of diet diver-
sity. Moreover, further analyses suggested that a higher 
LBS, which indicated different degrees of diet intake 
deficiency, was related to a higher risk of low physical 
performance after multiple adjustments. However, no 
relationship was observed between other DBI-16 indica-
tors and the risk of sarcopenia or its components.

Over the past few decades, China has experienced an 
ongoing transition of dietary patterns, mainly charac-
terized by declines in the intake of cereals and increases 
in the intake of oils and animal-sourced foods [25]. The 
results of our study indicated that most participants in 
the two groups had an excessive intake of cereals, eggs 
and salt. Cereals remain a major part of Chinese food 
consumption despite the declining trend [26]. According 

Table 1 Characteristics of the study participants stratified by 
sarcopenia
Characteristics All

(n = 644)
Nonsarco-
penia
(n = 595)

Sarcopenia
(n = 49)

p 
Value

Sex 0.121

Male 397(61.7) 367(61.7) 30(61.2)

Female 247(38.3) 228(38.3) 19(38.8)

Age 0.017

< 60 303(47.1) 288(48.4) 15(30.6)

>=60 341(52.9) 307(51.6) 34(69.4)

Area 0.170

Urban 555(86.2) 512(86.1) 43(87.8)

Rural 89(13.8) 83(13.9) 6(12.2)

Marital status 0.197

Married 590(91.6) 544(91.4) 46(93.9)

Others 54(8.4) 51(8.6) 3(6.1)

Education level 0.007

No education 16(2.5) 16(2.7) 0(0)

Middle school 
and below

250(38.8) 225(37.8) 25(51.0)

High school and 
above

378(58.7) 354(59.5) 24(49.0)

Smoking status 0.089

Yes 345(54.0) 321(53.9) 24

No 299(46.0) 274(46.1) 25

Presence of other 
chronic diseases

0.112

Yes 282(43.8) 262(44.0) 20(40.8)

No 362(56.2) 333(56.0) 29(59.2)

BMI1 25.37 ± 4.62 25.70 ± 4.61 21.46 ± 2.51 < 0.001

ASMI2 7.33 ± 1.08 7.43 ± 1.04 6.12 ± 0.69 < 0.001

Grip strength 31.41 ± 9.47 31.95 ± 9.52 25.78 ± 8.15 < 0.001

Gait speed 0.91 ± 0.20 0.91 ± 0.20 0.88 ± 0.13 0.374

MET3 16.47 ± 7.98 16.52 ± 7.75 15.27 ± 10.22 0.407

Nap frequency 4.00 ± 2.62 3.99 ± 2.59 3.81 ± 2.93 0.669
Note: 1BMI (body mass index). 2ASMI (appendicular skeletal muscle mass 
index). 3MET (metabolic equivalent task). Continuous variables are described 
by means and standard deviations (means ± SDs) and were compared by using 
the Student’s t test. Categorical variables are described by frequencies and 
percentages (n, %) and were compared by using the Chi-square test
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to the China Nutritional Transition Cohort Study, 77.6% 
of Chinese individuals aged over 60 years old had con-
sumed more salt than the recommended level [27], which 
is similar to the result in our study. Studies have shown 
that overintake of salt could increase the risk of many 
chronic diseases [28–30]. The results of a study con-
ducted in Japan showed that a high salt diet may lead to 
fat accumulation and muscle weakness associated with 
sarcopenia [31]. In our study, no difference in salt con-
sumption between the two groups was observed. In addi-
tion, deficient intake of vegetables, fruits, dairy products, 
soybeans and fish was observed in both groups. A cohort 
study based on 522 men from the Geelong Osteoporosis 
Study found that a dietary pattern higher in vegetable, 
whole grain and animal protein intake was associated 
with greater skeletal muscle mass over 15 years [32]. 
According to another prospective cohort study con-
ducted in Hong Kong, a dietary pattern with higher veg-
etable and fruit intake was associated with lower odds of 
prevalent sarcopenia in elderly men [33]. In our study, 
we also found that compared with participants without 

sarcopenia, those with sarcopenia had lower fruit intake. 
Dairy, soybeans and fish are all considered to be great 
sources of premium proteins, which have shown ben-
eficial effects on muscle health [34–36]. No significant 
difference in the intake of foods in these categories was 
shown between the two groups in our study, probably 
because the intake of these foods was low in both groups. 
Furthermore, it has been reported in some research that 
food diversity is also connected to the risk of sarcopenia 
[37, 38].

Several studies have estimated the effects of diet qual-
ity on the risk of sarcopenia and its related indicators. A 
recent study based on the National Health and Nutrition 
Examination Survey (NHANES), which is a cross-sec-
tional study conducted in the USA, revealed that a higher 
Healthy Eating Index 2015 (HEI-2015) score, indicating 
better compliance with the Dietary Guidelines for Amer-
icans, might reduce the risk of low grip strength among 
American adults [39]. Similarly, a study conducted in 
the elderly Korean population reported that elderly men 
with low muscle mass and strength had significantly 

Table 3 Distribution of the DBI-16 indicators and the percentage of each category
Diet Quality Indicator Score 

Range
Group Mean ± SD Distribution of Dietary Quality (n%)1

No 
problems

Almost no 
problems

Low-level 
problems

Moderate-
level 
problems

High-
level 
problems

Under intake LBS 0–60 Nonsarcopenia 20.46 ± 5.81 0 8.5 66.3 24.5 0.7

sarcopenia 21.88 ± 6.21 0 6.1 61.2 32.7 0

Over intake HBS 0–44 Nonsarcopenia 12.56 ± 5.22 0 30.1 57.4 12.3 0.2

sarcopenia 11.84 ± 4.36 0 28.6 67.3 4.1 0

Overall imbalance DQD 0–84 Nonsarcopenia 33.03 ± 7.49 0 1.7 53.7 44.4 0.2

sarcopenia 33.71 ± 7.28 0 2.0 51.1 46.9 0
Note: 1Distribution of the lower bound score (LBS): No problems: 0; Almost no problems: 1–12; Low-level problem: 13–24; Moderate-level problem: 25–36; High-level 
problem: 37–60. Distribution of the higher bound score (HBS): No problems: 0; Almost no problems: 1–9; Low-level problem: 10–18; Moderate-level problem: 19–27; 
High-level problem: 28–44. Distribution of the diet quality distance (DQD): No problems: 0; Almost no problems: 1–17; Low-level problem: 18–34; Moderate-level 
problem: 35–50; High-level problem: 51–84

Table 4 Association of the DBI-16 indicators with the risk of sarcopenia and its elements
LBS1 HBS2 DQD3

Suitable Unsuitable Suitable Unsuitable Suitable Unsuitable
Sarcopenia

Model 17 1 0.71(0.17,2.02) 1 0.93(0.47,1.74) 1 1.21(0.07,6.53)

Model 28 1 0.93(0.22,2.79) 1 1.00(0.49,1.93) 1 1.83(0.10,10.83)

ASMI4

Model 17 1 1.24(0.46,2.82) 1 0.98(0.54,1.72) 1 2.15(0.32,8.59)

Model 28 1 1.49(0.54,3.53) 1 1.03(0.55,1.86) 1 3.04(0.44,13.15)

Grip strength5

Model 17 1 0.50(0.15,1.27) 1 1.01(0.62,1.63) 1 1.47(0.22,5.80)

Model 28 1 0.51(0.15,1.33) 1 0.88(0.51,1.47) 1 1.87(0.27,8.02)

Gait speed6

Model 17 1 2.04(0.96,5.03) 1 1.10(0.74,1.66) 1 2.93(0.55,53.98)

Model 28 1 2.58(1.13,7.04) 1 1.11(0.73,1.71) 1 2.85(0.51,53.39)
Note: 1Lower bound score (LBS): Suitable, score of 0 ~ 12; Unsuitable, score of 13 ~ 60. 2Higher bound score (HBS): Suitable, score of 0 ~ 9; Unsuitable, score of 10 ~ 44. 
3Diet quality distance (DQD): suitable, score of 0 ~ 19; unsuitable, score of 20 ~ 84. 4ASMI (appendicular skeletal muscle mass index, ASMI < 7.0  kg/m2 for males, 
ASMI < 5.7  kg/m2 for females, via BIA). 5Grip strength < 28  kg for males, grip strength < 18  kg for females. 6Gait speed < 1  m/s. 7Model 1: Crude model. 8Model 2: 
Adjusted for sex, age, marital status, disease status, physical activity and nap frequency
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lower recommended food score (RFS) values, which is an 
indicator of overall diet quality [40]. Moreover, a meta-
analysis of 19 studies found that a high adherence to the 
Mediterranean diet was associated with better walking 
speed [41]. In our study, we used the DBI-16 to assess 
diet quality based on the Dietary Guidelines for Chinese 
Residents and found that a higher LBS, which is one of 
the DBI-16 indicators representing insufficient dietary 
intake, was associated with a higher risk of low physi-
cal performance defined by gait speed. However, we did 
not find a link between the other two DBI-16 indicators 
and the risk of sarcopenia or its components. Consistent 
with previous studies, our study also showed a trend that 
a favourable diet quality might improve muscle health 
status.

The significance of this study was that it was the first 
study to evaluate the dietary quality by using DBI-16 
scores and explore its relationship with sarcopenia in the 
general Chinese population. The DBI-16 could help peo-
ple comprehend their dietary imbalance and guide medi-
cal departments in establishing prevention and treatment 
measures quickly and correctly for people at risk of sar-
copenia. The primary strength of our study was the use 
of a dietary assessment index suitable for Chinese people. 
Compared to the Chinese Healthy Eating Index (CHEI), 
which is used to estimate adherence to the Dietary 
Guidelines for Chinese residents [42], the DBI-16 con-
sists of only food indicators without nutrient indicators, 
which makes its calculation easier and faster. In addition, 
the DBI-16 could evaluate not only inadequate intake but 
also excessive intake by calculating the LBS and HBS. 
Moreover, the DBI-16 scores were based on different 
energy intake levels for specific individuals, which could 
control for the confounding effects of total energy intake 
[43]. Additionally, we defined sarcopenia according to the 
latest revised criteria of the Asian Working Group for 
Sarcopenia, which could be better applied in the Chinese 
population.

There are also some limitations of this study. First, the 
diet information was collected using a food frequency 
questionnaire (FFQ), which is a convenient and widely 
used tool for diet assessment, but it also lacks accuracy 
and may not be able to fully reflect dietary intake [44]. 
Second, we calculated the intake of condiments based on 
the consumption at home but did not take intakes from 
eating outside of the home into account, which may lead 
to an underestimation. Third, our study was based on the 
population of Central China, and the dietary assessment 
index we used was applicable for the Chinese population, 
so the findings from the current study should be general-
ized to other populations with caution. Finally, as a cross-
sectional study, our study had a small sample size and 
was not able to perform an age- or sex-stratified analysis. 
We plan to continue the current investigation to expand 

the sample size and carry out follow-up investigations to 
form a cohort study.

Conclusion
In this cross-sectional study, we found that excessive 
intake of cereals, meat, eggs and salt, inadequate intake of 
vegetables, fruits, dairy products, soybeans and low diet 
variety were commonly seen in both the sarcopenia and 
nonsarcopenia groups. The participants with sarcopenia 
had a more serious inadequate fruit intake than those 
without sarcopenia. The overall LBS, HBS and DQD in 
both groups were located in the category of low-level 
problems. Our results further suggest that unfavourable 
diet quality, which mainly refers to inadequate dietary 
intake in this study, may be a risk factor for low gait speed 
in Chinese residents from Henan Province.

List of abbreviations
DBI  Diet Balance Index
LBS  Lower Bound Score
HBS  Higher Bound Score
DQD  Diet Quality Distance
HEI  Healthy Eating Index
AHEI  Alternative Healthy Eating Index
DASH  Dietary Approaches to Stop Hypertension
FFQ  Food Frequency Questionnaire
BMI  Body Mass Index
ASMI  Appendicular Skeletal Muscle Mass Index

Acknowledgements
We thank the participants for their willingness to participate in this study. 
Our special thanks go to Yafei Sun and Xiumei Xu for their assistance with the 
collection and input of the data.

Authors’ contributions
All authors had full access to all the data and take responsibility for the 
integrity of the data and the accuracy of the data analysis. Junya Zhai, Minmin 
Xu, and Quanjun Lyu acquired the data. Xiaodong Ran, Junya Zhai, and 
Minmin Xu analyzed and interpreted the data. Xiaodong Ran, Amin Ullah and 
Xiaoxi Zhu drafted the manuscript, which was critically revised for important 
intellectual content by all authors. Xiaodong Ran, Junya Zhai and Xiaoxi 
Zhu were responsible for the statistical analysis and revised the manuscript. 
Xiaodong Ran supervised the study and is a guarantor.

Funding
Clinical research approved by the Affiliated Cancer Hospital of Zhengzhou 
University (2023 − 304).

Data Availability
The datasets used and analysed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Competing interests
The authors declare that they have no competing interests.

Ethics approval and consent to participate
This study was conducted according to the guidelines laid out in the 
Declaration of Helsinki, and all procedures involving research study 
participants were approved by the First Affiliated Hospital of Zhengzhou 
University (Protocol 2020–KY-066). Written informed consent was obtained 
from all participants. Verbal consent was witnessed and formally recorded.

Consent for publication
Not applicable.



Page 8 of 8Ran et al. BMC Public Health         (2023) 23:2017 

Received: 12 June 2023 / Accepted: 8 October 2023

References
1. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al. Sarco-

penia: revised European consensus on definition and diagnosis. Age Ageing. 
2019;48(1):16–31.

2. Keller K, Engelhardt M. Strength and muscle mass loss with aging process. 
Age and strength loss. Muscles Ligaments Tendons J. 2013;3(4):346–50.

3. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, et al. Asian 
Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia 
diagnosis and treatment. J Am Med Dir Assoc. 2020;21(3):300–7e2.

4. Chen Z, Li WY, Ho M, Chau PH. The prevalence of Sarcopenia in Chinese older 
adults: Meta-Analysis and Meta-Regression. Nutrients. 2021;13(5).

5. Cruz-Jentoft AJ, Sayer AA, Sarcopenia. Lancet. 2019;393(10191):2636–46.
6. Álvarez-Bustos A, Rodríguez-Sánchez B, Carnicero-Carreño JA, Sepúlveda-

Loyola W, Garcia-Garcia FJ. Rodríguez-Mañas L. Healthcare cost expenditures 
associated to frailty and sarcopenia. BMC Geriatr. 2022;22(1):747.

7. Xu Z, Steffen LM, Selvin E, Rebholz CM. Diet quality, change in diet quality 
and risk of incident CVD and Diabetes. Public Health Nutr. 2020;23(2):329–38.

8. Toi PL, Anothaisintawee T, Chaikledkaew U, Briones JR, Reutrakul S, Thak-
kinstian A. Preventive role of Diet interventions and Dietary factors in type 2 
Diabetes Mellitus: an Umbrella Review. Nutrients. 2020;12(9).

9. Mittelman SD. The role of Diet in Cancer Prevention and Chemotherapy 
Efficacy. Annu Rev Nutr. 2020;40:273–97.

10. Shan Z, Rehm CD, Rogers G, Ruan M, Wang DD, Hu FB, et al. Trends in Dietary 
Carbohydrate, protein, and Fat Intake and Diet Quality among US adults, 
1999–2016. JAMA. 2019;322(12):1178–87.

11. Chen LK, Arai H, Assantachai P, Akishita M, Chew STH, Dumlao LC, et al. 
Roles of nutrition in muscle health of community-dwelling older adults: 
evidence-based expert consensus from Asian Working Group for Sarcopenia. 
J Cachexia Sarcopenia Muscle. 2022;13(3):1653–72.

12. Schwingshackl L, Bogensberger B, Hoffmann G. Diet Quality as assessed 
by the healthy eating index, alternate healthy eating Index, Dietary 
approaches to stop Hypertension score, and Health outcomes: an updated 
systematic review and Meta-analysis of Cohort studies. J Acad Nutr Diet. 
2018;118(1):74–100e11.

13. Lassale C, Batty GD, Baghdadli A, Jacka F, Sánchez-Villegas A, Kivimäki M, 
et al. Healthy dietary indices and risk of depressive outcomes: a system-
atic review and meta-analysis of observational studies. Mol Psychiatry. 
2019;24(7):965–86.

14. Petersen KS, Kris-Etherton PM. Diet Quality Assessment and the relationship 
between Diet Quality and Cardiovascular Disease Risk. Nutrients. 2021;13(12).

15. He Y, Fang Y, Xia J, UPDATE OF THE CHINESE, DIET BALANCE INDEX:DBI_16. 
Acta Nutrimenta Sinica. 2018;40(6):526–30.

16. He D, Qiao Y, Xiong S, Liu S, Ke C, Shen Y. Association between Dietary Quality 
and Prediabetes based on the Diet Balance Index. Sci Rep. 2020;10(1):3190.

17. Wang Y, Su X, Chen Y, Wang Y, Zhou J, Liu T et al. Unfavorable Dietary Quality 
contributes to elevated risk of ischemic Stroke among residents in Southwest 
China: based on the Chinese Diet Balance Index 2016 (DBI-16). Nutrients. 
2022;14(3).

18. Gao X, Tian Z, Zhao D, Li K, Zhao Y, Xu L et al. Associations between Adher-
ence to four a Priori Dietary indexes and cardiometabolic risk factors among 
hyperlipidemic patients. Nutrients. 2021;13(7).

19. Otsuka Y, Iidaka T, Horii C, Muraki S, Oka H, Nakamura K et al. Dietary Intake of 
Vitamin E and Fats Associated with Sarcopenia in Community-Dwelling Older 
Japanese people: a cross-sectional study from the Fifth Survey of the ROAD 
Study. Nutrients. 2021;13(5).

20. Lin CC, Shih MH, Chen CD, Yeh SL. Effects of adequate dietary protein with 
whey protein, leucine, and vitamin D supplementation on Sarcopenia in 
older adults: an open-label, parallel-group study. Clin Nutr. 2021;40(3):1323–9.

21. Bloom I, Shand C, Cooper C, Robinson S, Baird J. Diet Quality and Sarcopenia 
in older adults: a systematic review. Nutrients. 2018;10(3).

22. Zhao W, Hasegawa K, Chen J. The use of food-frequency questionnaires for 
various purposes in China. Public Health Nutr. 2002;5(6a):829–33.

23. Zhao W-H, Huang Z-P, Zhang X, He L, Willett W, Wang J-L, et al. Reproducibil-
ity and validity of a Chinese food frequency questionnaire. Biomed Environ 
Sci. 2010;23:1–38.

24. Qu NN, Li KJ. [Study on the reliability and validity of international physical 
activity questionnaire (Chinese Vision, IPAQ)]. Zhonghua Liu Xing Bing Xue Za 
Zhi. 2004;25(3):265–8.

25. Zhai FY, Du SF, Wang ZH, Zhang JG, Du WW, Popkin BM. Dynamics of the 
Chinese diet and the role of urbanicity, 1991–2011. Obes Rev. 2014;15(Suppl 
1):16–26.

26. Yu D, Zhao L, Zhao W. Status and trends in consumption of grains and dietary 
fiber among Chinese adults (1982–2015). Nutr Rev. 2020;78(Suppl 1):43–53.

27. Zhang J, Huang F, Ouyang Y, Wang Y, Li L, Zhang B. [Cooking oil and 
salt consumption among the Chinese aged 60 and above in 15 
provinces(autonomous regions and municipalities) in 2015]. Wei Sheng Yan 
Jiu. 2019;48(1):28–40.

28. Ghoneim S. Dietary salt intake preferences and the risk of Cardiovascular 
Disease. J Am Coll Cardiol. 2022;80(23):2168–70.

29. He FJ, Campbell NRC, Woodward M, MacGregor GA. Salt reduction to prevent 
Hypertension: the reasons of the controversy. Eur Heart J. 2021;42(25):2501–5.

30. Fyfe I. High-salt diet promotes Alzheimer disease-like changes. Nat Rev 
Neurol. 2020;16(1):2–3.

31. Yoshida Y, Kosaki K, Sugasawa T, Matsui M, Yoshioka M, Aoki K et al. High salt 
Diet impacts the risk of Sarcopenia Associated with reduction of skeletal 
muscle performance in the Japanese Population. Nutrients. 2020;12(11).

32. Davis JA, Mohebbi M, Collier F, Loughman A, Staudacher H, Shivappa N, et al. 
The role of diet quality and dietary patterns in predicting muscle mass and 
function in men over a 15-year period. Osteoporos Int. 2021;32(11):2193–203.

33. Chan R, Leung J, Woo J. A Prospective Cohort Study to Examine the Associa-
tion between Dietary Patterns and Sarcopenia in Chinese Community-Dwell-
ing Older people in Hong Kong. J Am Med Dir Assoc. 2016;17(4):336–42.

34. Hanach NI, McCullough F, Avery A. The impact of dairy protein intake on 
muscle Mass, muscle strength, and physical performance in Middle-aged 
to older adults with or without existing Sarcopenia: a systematic review and 
Meta-analysis. Adv Nutr. 2019;10(1):59–69.

35. Bagherniya M, Mahdavi A, Shokri-Mashhadi N, Banach M, Von Haehling S, 
Johnston TP, et al. The beneficial therapeutic effects of plant-derived natural 
products for the treatment of Sarcopenia. J Cachexia Sarcopenia Muscle. 
2022;13(6):2772–90.

36. Rondanelli M, Rigon C, Perna S, Gasparri C, Iannello G, Akber R et al. Novel 
insights on intake of Fish and Prevention of Sarcopenia: all reasons for an 
adequate consumption. Nutrients. 2020;12(2).

37. Lim HS. Association of Dietary Variety Status and Sarcopenia in Korean 
Elderly. J Bone Metab. 2020;27(2):143–9.

38. Kiuchi Y, Doi T, Tsutsumimoto K, Nakakubo S, Kurita S, Nishimoto K, et al. Asso-
ciation between dietary diversity and sarcopenia in community-dwelling 
older adults. Nutrition. 2023;106:111896.

39. Bigman G, Ryan AS. Healthy eating Index-2015 is Associated with grip 
strength among the US Adult Population. Nutrients. 2021;13(10).

40. Jung M, Park S, Kim H, Kwon O. Association of Diet Quality with low muscle 
Mass-function in Korean Elderly. Int J Environ Res Public Health. 2019;16(15).

41. Coelho-Júnior HJ, Trichopoulou A, Panza F. Cross-sectional and longitudi-
nal associations between adherence to Mediterranean diet with physical 
performance and cognitive function in older adults: a systematic review and 
meta-analysis. Ageing Res Rev. 2021;70:101395.

42. Yuan YQ, Li F, Dong RH, Chen JS, He GS, Li SG et al. The development of a 
Chinese healthy eating Index and its application in the General Population. 
Nutrients. 2017;9(9).

43. Su X, Zhu W, Li N, Sun J, Zhu Y, Liu T, et al. Adjusting DBI-2016 to dietary 
balance index for Chinese maternal women and assessing the association 
between maternal dietary quality and postpartum weight retention: a longi-
tudinal study. PLoS ONE. 2020;15(8):e0237225.

44. McKenzie BL, Coyle DH, Santos JA, Burrows T, Rosewarne E, Peters SAE, et al. 
Investigating sex differences in the accuracy of dietary assessment methods 
to measure energy intake in adults: a systematic review and meta-analysis. 
Am J Clin Nutr. 2021;113(5):1241–55.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Association of diet quality with the risk of Sarcopenia based on the Chinese diet balance index 2016: a cross-sectional study among Chinese adults in Henan Province
	Abstract
	Background
	Participants and methods
	Study design and population
	Sarcopenia assessment
	Dietary data collection
	Chinese diet balance index 2016
	Assessment of other variables
	Statistical analysis

	Results
	Characteristics of the participants
	Assessments of diet quality
	Association of the DBI-16 indicators with the risk of Sarcopenia and its components

	Discussion
	Conclusion
	References


