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It is generally believed that higher dietary diversity is associated with better
health status. The dietary diversity of individuals may change with age;
however, evidence on the trajectory of change in the long-term and whether
it is related to all-cause mortality is still scant. In this study, we used data from
the China Health and Nutrition Survey (CHNS) collected in five follow-ups
between 2004 and 2015 to explore the association between changes in dietary
diversity scores (DDS) and all-cause mortality, as well as the dynamic change in
DDS with age. In total, 6,737 subjects (aged between 30 and 60 at enrollment)
were included in the analysis. Latent Class Trajectory Modeling (LCTM) was
used to explore the different trajectories of DDS changes among participants.
Four classes were identified: class 1 with the lowest average DDS (3.0) that
showed a gradual decline during the follow-ups; class 2 with relatively low DDS
(4.0) that experienced slight growth; class 3 with medium DDS (5.2) that also
demonstrated similar growth rate to class 2; and class 4 with the highest DDS
(6.7) maintained at a high level. Cox proportional hazards regression models
were applied to investigate the association between the DDS trajectories and
the risk of death. Only class 4, which was characterized by the highest and
stable DDS, had significant reduced risk of all-cause mortality of 71.0% (hazard
ratio [HR]: 0.29; 95% confidence interval [Cl]: 0.10-0.83), 68% (HR: 0.32; 95%
Cl: 0.11-0.89), and 66.0% (HR: 0.34; 95% CI: 0.12-0.94), compared to classes
1, 2, and 3, respectively, while the first three classes showed no significant
inter-class differences. When considering the average DDS during the study
period, each point of increase in DDS corresponded to a 22% reduced risk of
mortality (HR: 0.78; 95% CI: 0.69-0.89). In summary, reaching and maintaining

01 frontiersin.org


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2022.947290
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2022.947290&domain=pdf&date_stamp=2022-09-26
mailto:aizhao18@mail.tsinghua.edu.cn
https://doi.org/10.3389/fnut.2022.947290
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fnut.2022.947290/full
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Qu et al.

10.3389/fnut.2022.947290

a higher DDS was associated with a decreased risk of all-cause mortality.
Therefore, promoting diversified eating and increasing the accessibility of
varieties of foods should be paid more attention from policymakers and be
more emphasized in dietary guidelines.

dietary diversity, mortality, trajectory modeling, longitudinal study, China Health and

Nutrition Survey

Introduction

Consuming a variety of foods is one of the principles
of dietary guidelines in many countries (1-3). The variation
in food consumption can be measured by the dietary
diversity score (DDS), reflecting nutrient adequacy and
dietary quality of individuals (4). Previous studies showed
that a higher DDS was related to reduced risks of obesity
(5) and many age-related diseases, such as diabetes (6),
cognitive, and memory status decline (7-9). It was suggested
that higher dietary diversity was also inversely associated
with all-cause mortality among elderly people (10) and
people who enjoyed greater diversity of diet maintained a
longer healthy life expectancy (11). However, another study
showed mixed results, indicating that a higher DDS might
only decrease mortality among females but not males (12).
Therefore, whether DDS is associated with all-cause mortality,
and how strong the association is in different populations
remain unclear.

Furthermore, food intake and dietary diversity may change
over the lifetime due to multiple reasons. With age, the
loss of appetite decreased total energy intake, and a worse
financial situation may lead to a higher risk of malnutrition
(13, 14). Lower chewing ability and eating alone may also
decrease the diversity of diet (15, 16). A study showed that
dietary diversity significantly declined in women older than
63 years old, and a trend of decrease was also observed
in men at the age of 65 years and higher, although not
statistically significant (17). However, studies investigating
the dynamic change of dietary diversity over time are
still scant.

China, the country with one of the largest populations
in the world, has experienced a rapid change to an aging
society, accompanied by dietary patterns and transitions of its
citizens due to the growth of the economy during the past
decades (18, 19). Coming along with abundant food options,
the prevalence of diet-related non-communicable diseases, such
as hypertension, stroke, type-2 diabetes, coronary heart disease,
as well as obesity are rising (18). Meanwhile, micronutrient
deficiencies also exist, more than half of Chinese adults’
micronutrient intake did not meet the Chinese estimated
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average requirement, and more than 80% of Chinese adults
had two or more kinds of micronutrient deficiencies (20).
Because of the triple burden of undernutrition, overnutrition,
and micronutrient deficiency faced by Chinese adults, more
effective dietary guidance that is easy to be followed by
the public is urgently needed (21, 22). Increasing dietary
diversity and maintaining a high-dietary diversity can be a
feasible and effective way to increase nutrient adequacy and
dietary quality.

To close the gaps between DDS changes and their
associations with mortality, as well as provide valuable scientific
evidence to improve the current dietary guidelines, the present
study aims to investigate the long-term dynamic change in
dietary diversity and its association with all-cause mortality
using data from the China Health and Nutrition Survey (CHNS).

Materials and methods

Study design and population

The CHNS is a nationwide prospective cohort study. The
initial recruitment of participants was conducted in 1989,
and follow-ups were conducted within a 2-3-year interval.
Participants were recruited from nine provinces and three
autonomous cities. The detailed description can be found
elsewhere (23). In this study, we used the data from the
CHNS collected in 2004, 2006, 2009, 2011, and 2015. Since
the dietary data for 2015 are not yet available, only mortality
data were included from that interval. To cover the dietary
diversity changes in the aging process, and to avoid significant
dietary restriction by diseases, we excluded the participants who
were younger than 30 years old or older than 60 years old
at baseline (age at baseline was identified as the actual age in
the year of entering the cohort during 2004-2015 because the
year of participants entering the cohort varied), pregnant or
during breastfeeding, and those who only participated in two
or fewer follow-ups, had cancers and extreme energy intake
(<500 kcal/day or >8,000 kcal/day) throughout the follow-ups
period. A total of 6,737 participants were included in the analysis
(Figure 1).
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2004-2015 participants
(n=22,726)
Excluded if aged <30 or >60 years at
7 baseline (n =10,133)
\ 4
Participants aged from 30 to 60 at
baseline (n=12,593)
Excluded if only in two or fewer follow-
g ups (n =5,690)
) 4
Participants with more than two follow-
ups (n =6,903)
Excluded if had a cancer
al (n=42)
4
Participants never had cancer
(n =6,861)
Excluded if pregnant or during
> breastfeeding
(n=80)
Participants who were not pregnant or
during breastfeeding (n = 6,781)
Excluded if had extreme energy intake
i (n =44)
\4
The final sample
(n=6,737)

FIGURE 1

Flowchart of sample selection.

The CHNS was approved by institutional review boards consent was given to all participants before participation.
at the University of North Carolina (Chapel Hill, NC, the The current study was further approved by the Institution
US) and the National Institute of Nutrition and Food Safety Review Board of Tsinghua University (project identification 20
(Chinese Center for Disease Control and Prevention). Informed 210072).
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Dietary assessment and dietary diversity
score

Dietary data at the individual level were collected using 24-h
dietary recalls for consecutive 3 days. Participants were required
to report all the food consumed at home and away from home
over the past 24 h (24). The quality of dietary data was controlled
in several ways. First, besides 24-h dietary recalls, changes in
the inventory of certain food, such as rice, flour, edible oil,
and condiments, were weighed and measured at the household
level, which served as a validation of 24-h dietary recall. The
significant discrepancies were resolved according to revisiting
and investigating their food consumption. Second, all the
interviewers were trained nutritionists who were professionally
engaged in nutrition work and had participated in other
national surveys. In addition, three days of specific training
in the collection of dietary data have been provided for this
survey (29). In total, 34 kinds of foods and 21 kinds of
nutrients were recorded (25). Energy intakes of subjects were
calculated by multiplying the consumption of each food and
their macronutrients’ content acquired from the Chinese Food
Composition Tables (26-28). The detailed method of dietary
assessment was described elsewhere (29).

DDS was developed based on Chinese dietary guidelines
2022 (CDG-2022) and Chinese Food Composition Tables
(26-28, 30). Ten food groups are included in the CDG-2022:
cereals and tubers, vegetables, fruits, meat, soybeans and nuts,
eggs, aquatic products, milk, and dairy products, as well as salt
and oil, in which salt and oil were not included in the DDS
assessment (31). Particularly, mixed beans (dried legumes other
than soybeans, such as azuki bean and mung bean) and tubers
(such as potato and sweet potato) belong to the category of
cereals and tubers. Fresh beans and tuber vegetables belong to
the category of vegetables. Soybeans, nuts, and seeds belong to
the category of soybeans and nuts (32). For each participant, the
daily average DDS was calculated during each follow-up.

The trajectory of dietary diversity was analyzed by Latent
class trajectory modeling (LCTM), which is a relatively
new method in epidemiology studies. Populations with
heterogeneous characteristics could be divided into several
simplified homogeneous classes by this method. For the
modeling process, we referred to the systematic framework
introduced by Lennon et al. and adapted it for our study (33).
The modeling contained six steps: (1) building a scoping model
with five classes; (2) refining the number of classes; (3) refining
model structure to a flexible random-effect specification; (4)
model adequacy assessment; (5) graphical presentations; and
(6) checking clinical characterization and plausibility, that is,
the plausibility of DDS scores of each class and the changes
over years.

The “lemm” package (version 1.9.3) in R Statistical Software
was used for modeling. The optimal number of classes was
chosen based on the lowest Bayes information criterion (BIC)
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and the criterion that the number of participants in each class
should not be less than 5% of the total participants (34). The
trajectory model was selected by comparing the BIC and number
of participants of models with (1) only fixed effects, (2) fixed
effects and random intercepts, and (3) fixed effects and random
slopes. The trajectory shapes (whether including cubic and
quadratic terms) of the classes were determined according to
the significant coeflicients of model running results, and linear
models were constructed if the polynomial coefficients were not
significant (35). For the adequacy assessment, the model with the
lowest BIC and the posterior probability of assignments (APPA)
of each class > 0.7 was selected as the final model.

Outcome assessment

The primary outcome of the present study is all-cause
mortality. For each participant in the CHNS, the household
register system would continuously update their status, either
alive or deceased, and the year and month of death. The year of
follow-up was calculated from enrollment to the date of passed
away or loss of follow-up of the participant during 2004-2015.

Statistical analysis

Normality was examined by a combination of histogram
and the Kolmogorov-Smirnov test because of the large sample
size, and the data with an asymmetrically distributed histogram
or P < 0.05 in the Kolmogorov-Smirnov test were defined
as non-normality. Characteristics for all eligible participants
are described as mean and standard deviation (SD; with a
normal distribution) or median and interquartile range (P;s,
P75; without normal distribution) for continuous variables,
and frequencies and percentages for categorical variables. Total
person-years during the follow-ups were calculated by the sum
of all the participants’ total person-years participating in the
survey during 2004-2015. The differences in sociodemographic
characteristics, history of diseases, and diet consumption across
classes were examined using the ANOVA (with a normal
distribution and homoscedasticity) or the Wilcoxon rank-sum
test (without distribution or homoscedasticity) for continuous
varijables, the chi-square ( %2) test for categorical variables, and
the Bonferroni correction was used to adjust p-value (P) to the
pairwise comparison between the classes (P < 0.007).

Cox proportional hazard regression was applied to test the
association between DDS trajectories and the risk of mortality.
An unadjusted model and two adjusted models were established.
The confounders were identified from univariate analysis (when
factors showed a P<0.05). In addition, since the history of
chronic disease is usually associated with dietary intake and
mortality, it is also considered as a potential confounder in
the current analysis. Particularly, in adjusted models, Model
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1 adjusted for sociodemographic characteristics, including age
at baseline, gender, educational level, region of residence,
place of residence, and individual annual income. Model
2 was further adjusted for lifestyle characteristics, including
the history of smoking and alcohol consumption, BMI,
chronic disease history, physical activity, using hypotensive or
hypoglycemic medicine, and energy intake. The proportional
hazard assumption of covariates for the Cox regression was
tested according to the Schoenfeld residuals test, and the results
for DDS trajectory (Supplementary Figure S1) and average DDS
(Supplementary Figure S2) showed that all the covariates met
the assumption based on a p-value threshold of 0.05. The
collinearity of the covariates in the adjusted models was
examined according to variance inflation factors (VIFs), and the
results showed that no collinearity of these covariates existed (all
the VIFs were < 5).

Additionally, the Restricted Cubic Spline (RCS) Cox
regression was performed to investigate the non-linear
relationship between average DDS level and the risk of death,
with class 1 (DDS = 3) as the reference and adjusting for the
same confounders as Model 2 mentioned above. The regression
model with five knots was selected because of the largest
coefficient of determination (R%) and optimism-corrected
discrimination index (Dxy) in this model.

All statistical analyses were performed using the R Statistical
Software (version 4.1.1, R Development Core Team, Vienna,
Austria) (36). P-value < 0.05 (two-tailed) was considered
statistically significant.

Results

Trajectory of DDS changes with age

In total, 6,737 eligible participants were included in the
analysis. To explore the trajectory changes of DDS with age,
the lowest BIC was reached when the number of classes was
four (BIC4 =
each class was higher than 5% of the total participants. When

71920.9), and the number of participants in

only including fixed effects in the trajectory model, the BIC
was the lowest and with a better fit, it was therefore selected.
No statistical significance was found when adding cubic and
quadratic terms in linear models, therefore only a linear model
was used.

Levels and changes in DDS with age in all four classes are
shown in Figure 2. Most of the participants belonged to class 2
and class 3, with 40.6% and 42.2% of participants, respectively.
In class 1, the initial DDS was relatively low (intercept = 3.663,
P < 0.001), and a trend of decreasing with age was observed
(B =—0.008, P = 0.008). In class 2, the initial DDS was relatively
low (intercept = 3.698, P < 0.001) and slightly increased
with age (8 = 0.010, P < 0.001). In class 3, the initial DDS
was medium (intercept = 4.718, P < 0.001) and also slightly
increased during the follow-ups (8 = 0.010, P < 0.001); and
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in class 4, the initial DDS was the highest among all the classes
(intercept = 6.106, P < 0.001) and maintained stable (8 = 0.005,
P = 0.147). The mean DDS of classes 1, 2, 3, and 4 during the
survey were 3.0, 4.0, 5.2, and 6.7, respectively.

Baseline characteristics among
participants across different classes

Of the studied population, 3,293 (48.9%) were male and
3,444 (51.1%) were female. The median (P;5, P75) follow-up
time was 12.04 (8.94, 13.94) years with 7,6024.36 person-years.
During the follow-ups, 326 deaths occurred. Specifically, 64, 151,
106, and 5 participants died in class 1, class 2, class 3, and class
4, respectively.

Table 1 shows the baseline characteristics across classes.
The ages of participants at baseline were significantly different
between classes, with a decreasing trend from class 1 (median =
48.0) to class 4 (median = 42.0). Compared to class 1, class 4 was
more likely to have a higher education level, annual individual
income, BMI, and energy intake, and class 4 tended to have less
physical activity and live in urban areas.

Association between the trajectory of
DDS changes, average DDS, and
all-cause mortality

A total of 326 deaths occurred during the follow-ups.
The highest and lowest incidences of death were observed
in class 1 and class 4, with 8.4 deaths/1,000 person-years
and 0.9 deaths/1,000 person-years, respectively. Results of
Cox proportional hazard regression showed that significant
differences in mortality among all the classes were observed
in the unadjusted model. The most substantial difference was
found in class 4, with 86% of lower mortality (HR: 0.14;
95% CI: 0.06-0.35) compared to class 1. When adjusted for
sociodemographic characteristics (model 1), only class 4 showed
significantly lower mortality compared with other classes. After
adjusting for both sociodemographic characteristics and lifestyle
characteristics (model 2), the results were similar: class 4
was associated with 71% (HR:0.29; 95% CI: 0.10-0.83), 68%
(HR:0.32; 95% CI: 0.11-0.89), and 66% (HR:0.34; 95% CI:
0.12-0.94) of reduced risk of mortality compared to class
1, 2, and 3, respectively. However, no significant inter-class
differences were observed between the other three classes
(Table 2).

Furthermore, we calculated the average DDS among
participants during the follow-ups and found that after
adjusting for both sociodemographic characteristics and lifestyle
characteristics (model 2), a higher average DDS was significantly
associated with a reduced risk of mortality. Each point of
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increase in DDS corresponded to a 22% reduced risk of mortality
in the whole research population (HR:0.78; 95% CI: 0.69-0.89).

Additionally, the results of the cubic spline curve showed
a negatively non-linear association between all-cause mortality
and average DDS during the follow-ups. Compared with
DDS = 3,DDS < 3 was associated with a higher risk of mortality,
and DDS > 3 was associated with an increased risk of mortality,
despite a slight fluctuation between DDS = 5 and DDS = 6
(Figure 3).

The hazard ratio was indicated by the solid line, and
95% confidence intervals were represented by the shaded
area. The reference point was DDS = 3, adjusted for age at
baseline, gender, levels of education, regions of residence, places
of residence, and individual annual income, as well as the
history of smoking and alcohol consumption, BMI, history of
chronic disease, physical activity, hypotensive or hypoglycemic
medicine, and energy intake.

Discussion

To the best of our knowledge, this is the first study
investigating a long-term dynamic change of DDS and its
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association with mortality in the Chinese population. Our
study revealed that reaching and maintaining a higher dietary
diversity was significantly associated with lower mortality in the
Chinese population.

Average DDS and mortality

DDSs have been widely accepted as relatively uncomplicated
and promising tools to quantify dietary diversity on a large scale
(37). The development of DDSs could be based on different
measurements, such as the number of individual food items
consumed (38), the number of different food groups consumed
with the standard weight for each food group (39), as well
as the number of food groups consumed that are allocated
with different weights according to dietary guidelines (40).
Types of dietary assessment also varied. The most commonly
used method is 24-h recall, followed by a food frequency
questionnaire, food record, and diet history (41). In our study,
we used the food-group-based measurement to calculate DDS,
which is also the most frequently used method of developing
DDSs (41). And food intakes of individuals were calculated
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Class 1 Class 2 Class 3 Class 4 P

N =614 N =2735 N = 2841 N =547
Age at baseline, years, M (Pas, Py5) 48.0 (41.0, 54.0)®° 44.0 (37.0, 50.0) 42.0 (35.0, 49.0)" 42.0 (35.0, 48.0)° <0.001
Gender, n (%) 0.036
Male 285 (46.4) 1341 (49.0) 1426 (50.2) 241 (44.1)
Female 329 (53.6) 1394 (51.0) 1415 (49.8) 306 (55.9)
Level of education, n (%) <0.001
Junior high school or below 571 (94.4)%¢ 2308 (85.1)2de 1991 (70.6)P4f 246 (45.2)°f
Senior high school or above 34 (5.62) 403 (14.9) 830 (29.4) 298 (54.8)
Region of residence, n (%) <0.001
Eastern city 100 (16.3)2¢ 724 (26.5)"% 1122 (39.5)04f 296 (54.1)%F
Central city 367 (59.8) 1134 (41.5) 1259 (44.3) 220 (40.2)
Western city 147 (23.9) 877 (32.1) 460 (16.2) 31 (5.67)
Place of residence <0.001
Urban area 91 (14.8) 528 (19.3)< 1141 (40.2)%¢ 417 (76.2)e
Rural area 523 (85.2) 2207 (80.7) 1700 (59.8) 130 (23.8)
Annual individual income, yuan, M (P35, P75) 3221 (1250, 5567)*¢ 5217 (2168, 10737)%¢ 10317 (4934, 17294)*4 15789 (9642, 23339)f  <0.001
Smoking history, n (%) 0.004
Never 351 (57.2)* 1569 (57.5)° 1681 (59.3)¢ 358 (56.5)%¢
Yes 263 (42.8) 1162 (42.5) 1153 (40.7) 188 (34.4)
Alcohol history, n (%) <0.001
Never 349 (56.8)® 1435 (52.5)¢ 1413 (49.8)* 246 (45.0)"¢
Yes 265 (43.2) 1300 (47.5) 1423 (50.2) 301 (55.0)
BML, kg/m?, M (Pss, Ps5) 22.0 (20.4, 24.8)® 22.8(20.9, 25.2)¢ 23.6 (21.4, 25.8)* 233 (21.4,25.6) <0.001
Chronic disease history, n (%) 0.069
No 414 (67.4) 1910 (69.8) 1891 (66.6) 369 (67.5)
Yes 200 (32.6) 825 (30.2) 950 (33.4) 178 (32.5)
Hypotensive or hypoglycemic medicine taking, 1 (%) 0.009
No 506 (82.4) 2254 (82.4)* 2249 (79.2)* 433 (79.2)
Yes 108 (17.6) 481 (17.6) 592 (20.8) 114 (20.8)
Physical activity, MET hour/week, M (P55, P75) 2691 (664, 4599)2° 2553 (594, 5083)24¢ 1243 (378, 3275)%4 1003 (475, 1942)° <0.001
Energy intake, kcal/day, M (Pss, Py5) 2013 (1663, 2359)¢ 2120 (1825, 2474) 2157 (1870, 2491)° 2177 (1904, 2505)¢ <0.001
Dietary diversity score, M (Pys, P7s) 3.0 (2.5, 3.2)%¢ 4.0 (3.8, 4.3)%de 5.2 (5.0, 5.8)b4f 6.7 (6.3, 7.0)<f <0.001
Number of death 64 151 106 5 <0.001
Incidence (number of deaths/1000 person-years) 8.4%¢ 4.8%de 3,404 0.9%f <0.001

The differences in characteristics across classes were examined by the Wilcoxon rank-sum test for continuous variables, and the chi-square (%) test for categorical variables. Superscript

letters (abcdef) denoted statistically significant pairwise comparisons (following Bonferroni correction of P < 0.007). BMI, body mass index; M, median; P,s, 25th percentile; P75,

75th percentile.

using three days of 24-h recall and validated with weighed food
inventory per household, which further improved the accuracy
of dietary intake data.

Generally, dietary diversity can be an indicator of nutritional
adequacy and food accessibility, thus reflecting the potential
risk of malnutrition in elderlies, younger adults, and children
(21, 42-44). The Chinese dietary guidelines 2022 recommend
that people should eat more than 12 kinds of food every
day, and more than 25 kinds of food every week (30).
Since the DDS used in our study was developed based on
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the Chinese dietary guidelines, a higher DDS could reflect
adherence to the dietary guidelines. However, in some cases,
higher DDS may also lead to excessive energy intake, thus
leading to overweight or obesity (42). This could be due to an
unbalanced diet, such as consuming more varieties of sweets,
snacks, and carbohydrates, especially in upper-middle-income
economies (21, 45). Nevertheless, a recent systematic scoping
review indicated that higher dietary diversity was positively
associated with benefits for various health outcomes such as
non-communicable diseases, biomarkers of nutritional status,
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TABLE 2 Associations of DDS trajectory and average DDS with mortality.

Comparable group vs. Reference Unadjusted Model Model 1 Model 2
Class 2 vs. Class 1 0.71 (0.52, 0.96)* 0.91 (0.67, 1.24) 0.90 (0.65, 1.26)
Class 3 vs. Class 1 0.53 (0.39, 0.73)*** 0.85 (0.60, 1.20) 0.84 (0.58, 1.23)
Class 3 vs. Class 2 0.75 (0.58, 0.96)* 0.94 (0.72, 1.22) 0.93 (0.71, 1.24)
Class 4 vs. Class 1 0.14 (0.06, 0.35)*** 0.33 (0.13,0.86)* 0.29 (0.10, 0.83)*
Class 4 vs. Class 2 0.20 (0.08, 0.49)*** 0.36 (0.15, 0.92)* 0.32 (0.11,0.89)*
Class 4 vs. Class 3 0.27 (0.11, 0.66)** 0.39 (0.16, 0.97)* 0.34 (0.12, 0.94)*
Hazard ratio of average DDS and mortality 0.69 (0.62, 0.76)*** 0.79 (0.70, 0.89)*** 0.78 (0.69, 0.89)***

Cox proportional hazard regression was used to test the associations between DDS trajectory and average DDS with mortality. Model 1 adjusted for age at baseline, gender, level of
education, region of residence, place of residence, and individual annual income. Model 2 based on Model 1 further adjusted for history of smoking and alcohol consumption, BMI, history
of chronic disease, physical activity, hypotensive or hypoglycemic medicine, and energy intake. *P < 0.05, **P < 0.01, ***P < 0.001. DDS, dietary diversity score.

N

HR (95% CI)

a

DDS

FIGURE 3
Levels and trajectories of DDS change with the age of participants per class. DDS, dietary diversity score.

and mental health as well as cognitive functions among both population. The fitted curve of association between DDS and
adolescents and adults (41). However, studies on the relation mortality hazard ratio showed that DDS of lower than 3 was
between dietary diversity and all-cause mortality, especially in significantly associated with an increased all-cause mortality
developing countries, are still scant. Nevertheless, this review rate, and DDS of higher than three was associated with a
also pointed out that the mixed or null associations between decreased mortality rate. These results are in line with another
DDS and health outcomes sometimes were shown. Furthermore, study, which concluded that among older adults, a higher overall
the follow-up time of most previous studies was too short DDS was associated with a 30% decreased risk of mortality (46).
to reveal the relation between dietary diversity and health The higher decrease in risk of mortality compared with our
outcomes (41). study might be due to the older age of the subjects (65 or older

In our study, we found that a high level of average DDS at baseline). The possible explanation for the inverse association
related to significantly lower all-cause mortality. Furthermore, between DDS and mortality could be the fact that DDS could
each point of increase in average DDS was associated with a 23% reflect micronutrient adequacy (42). Also, a diverse diet could
reduced risk of mortality among the middle-aged and elderly increase gut microbiota diversity, which was associated with
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nutritional status, inflammatory disorders, and co-morbidity
(47). In addition, DDS lower than three is also regarded as an
indicator of malnutrition in Ethiopian children, which predicted
to be underweight (48). These results indicated that DDS of
lower than 3 might be an important cut-off value to reflect the
poor dietary quality and to predict poor health status among not
only children but also middle-aged and elderly populations.

It is also noteworthy that people with a lower DDS were
more likely to live in rural areas, have lower income, a lower
education level, and a higher physical activity level. This could
be due to better accessibility to varieties of food in urban areas
than in rural areas (49). In addition, less education of them
might lead to a lack of nutrition knowledge, engagement in
low-paid physical labor, and significantly lower energy intake.
Therefore, increasing and maintaining the nutritional status of
this population for the long term is crucial. Policymakers should
pay more attention to increasing the diversity of food supply
in rural areas, promoting the accessibility of different kinds
of foods, and providing financial support to people with low
income, thereby improving their wellbeing and decreasing the
mortality rate of the vulnerable population in China.

Longitudinal changes of DDS and their
associations with mortality

Besides the health influence of DDS, the changes of DDS
along with age may also bring a significant impact on health.
In the aging process, people usually experience changes in
multiple physical, mental, or lifestyle factors that may decrease
their dietary diversity. Physically, sensory function decline
such as loss of taste and smell may reduce total food intake,
thus leading to worsened nutritional state (50). Moreover, the
lower chewing ability of elderly people is also associated with
food intake insufficiency (15). The lifestyle of elderly people
such as eating alone is related to depressive mood and thus
decreases their appetite and dietary diversity (16). The financial
disadvantage is another hurdle that may limit the dietary
diversity of the elderlies, as a study reported that a diverse
diet was nearly one-fifth more expensive than an undiversified
diet (6, 14).

With the LCTM approach, the dynamic changes of DDS
along with aging in the Chinese population were first addressed.
Interestingly, DDS did not show a trend of decrease in most
populations, although it was prevalent in elderly people (17).
In our study, only people in class 1 with the lowest average
DDS and the highest median age of baseline showed decreased
DDS over time. In classes with relatively low to medium DDS
(classes 2 and 3), increases in DDS over the years were observed.
However, after adjusting for sociodemographic and lifestyle
characteristics, no significant positive effects on mortality were
detected compared with class 1. Given that more than 90% of the
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studied participants were in classes 1, 2, and 3, it can be beneficial
for them to increase DDS to a higher level.

A previous longitudinal study showed that elderly people
with lower DDS caused by poor appetite had a higher risk of all-
cause mortality (51). Participants of this study with a low DDS
scantly consumed multiple kinds of food, including vegetables
and fruits, fish and other seafood, meat, and eggs, which might
result in their lower intakes of total energy, protein, vitamin B,
iron, and phosphate. Not only malnutrition is widely accepted as
a health concern and significantly shortens the life expectancy of
older adults, but also low consumption of varieties of food and
nutrients caused by low appetite could be a reason for the higher
mortality rate (52). Inadequate protein-rich food consumption,
together with a lower DDS, was suggested to be associated
with a higher all-cause mortality rate in the elderly (53). Also,
because of the diminished sense of taste, together with the
monotonous diet of people with low DDS, elderly people tend
to eat food with strong flavors, such as pickled vegetables with
high salt and sodium content and sweet food containing large
amounts of sugar (51, 54). High sodium intake may attribute to
additional health risks of chronic diseases, such as hypertension,
and excessive sugar consumption is associated with a higher risk
of type 2 diabetes and obesity (55). Malnutrition and the higher
risk of chronic diseases may both increase the mortality rate of
elderly people. Nevertheless, it should be noted that an extreme
increase or decrease in DDS was associated with a higher risk of
mortality (10). The possible explanation could be that dramatic
change in lifestyle could be because of unstable family care,
irregular physical exercise, or the diagnosis of chronic diseases.

China is transitioning into an aging society. Since aging
is associated with various chronic disorders, more healthcare
and medical support for elderly people aggravate the burden
on their families and society. Diet is a modifiable factor
that is relatively easy and inexpensive to change. Thus,
promoting a higher dietary diversity can be a promising way
to decrease the mortality rate and prolong health spans in
elderly people. The CDG-2022 suggests that elderly people
should consume at least 12 kinds of foods every day, and
increase their appetite with varieties of methods, such as
changing cooking recipes and eating with families and friends
(30). Yet, policymakers should place more emphasis on
promoting a higher dietary diversity by multiple means such
as increasing the accessibility and affordability of a wider range
of foods.

Strengths and weaknesses

This study has several strengths. First, the data we used
was based on a large sample cohort with a long follow-
up time of more than 10 years. Second, we performed a
new and reasonable method for trajectory analysis, which
could reflect the dynamic changes of DDS over the years.
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However, limitations in this study warrant careful consideration.
Although we have adjusted for many potential confounders,
there could still be unmeasured or residual confounders that
could not be completely ruled out. In addition, we have
only investigated the association between DDS changes and
all-cause mortality, because the cause-specific mortality rates
were not available in the CHNS. Therefore, the association
between DDS and cause-specific mortality is still needed
to be explored to understand the important role that
DDS played in human health. Also, specific food groups
involved in DDS, such as plant- or animal-based food
groups, and their associations with mortality should be
further investigated.

Conclusion

Reaching and maintaining a higher DDS among middle-
aged and the elderly is significantly associated with a decreased
risk of all-cause mortality. These findings demonstrate the
significance of promoting and maintaining a higher DDS over
middle to late adulthood. Future studies should focus on not
only DDS and its influencing factors but also the change in DDS
over the life course to further clarify the health implications
of maintaining a high dietary diversity, such as malnutrition,
metabolic diseases and other non-communicable diseases, and
mental health.
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