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Abstract: Background: In view of the rapidly accelerating aging process in China, this study looked
at the associations between vegetables and fruits intake pattens and cognitive function among the
oldest old in China using the genetic sub study from the Chinese Longitudinal Healthy Longevity
Survey (CLHLS). Methods: This study screened respondents who participated in all four surveys of
longitudinal data from the CLHLS, and a total of 2454 participants were ultimately included. The
relationships of cognitive function with vegetables and fruits intake patterns were examined using
Generalized-estimating equations. Results: The prevalence range of mild cognitive impairment (MCI)
was 14.3% to 16.9% at T1 to T3 and 32.7% at T4. There was a significant increase in the prevalence
of MCI from T1 to T4 (β = 0.054; 95% CI, 0.037 to 0.070; p < 0.001; adjusted). The V+/F+ pattern
significantly improved cognitive function in Chinese older adults compared with the V−/F− pattern
(OR, 1.026; 95% CI, 1.001–1.053; p < 0.05). Conclusion: Older adults who frequently consume both
fruits and vegetables experience a reduction in MCI risk relative to those consuming these food
groups infrequently—emphasizing the critical importance of the regular intake of both fruits and
vegetables in maintaining cognitive function.

Keywords: vegetables and fruits; intake pattern; generalized-estimating equations; longitudinal
study; mild cognitive impairment; Chinese oldest old

1. Introduction

Global population aging is an actuality. In the year 2019, there were 703 million
people worldwide who were 65 or older [1]. In 2050, this figure is anticipated to increase
to 1.5 billion. China, which continues to have the largest population in the world as of
today, is also rapidly aging. According to the most recent 7th national census, there
will be 190.6 million Chinese people 65 and over in 2020, or 13.5% of the whole Chinese
population [2]. A common symptom linked to aging is mild cognitive impairment (MCI) [3].
According to estimates, in those older than 65, the prevalence of MCI ranges from 3% to
22% [4], but it was 9.7% to 23.3% in China [5,6], and more than half of MCI patients suffered
from Alzheimer’s disease (AD) [7]. Age is the biggest risk factor among many that raise
the likelihood of having MCI. MCI is now a public health problem since it is an age-related
disorder. There is currently no effective medication or therapy for AD prevention. To stop
MCI patients from transitioning into AD, it is crucial to discover potential protective factors.
The lifestyle, longevity, urbanization, and environmental changes that have occurred in
China over the past several decades are expected to have an impact on the exposure to
risk factors for Alzheimer’s disease and, therefore, the prevalence of dementia. Systematic
risk factors for dementia or MCI, both changeable variables and immutable risk factors,
have been evaluated in prior research [8]. In addition to these other risk factors, dietary
health may also be a significant risk factor for MCI. Diet has an impact on the diversity
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and health of the gut microbiota [9]. Eating habits are directly associated with AD because
changes in gut microbial composition may have an impact on the brain’s physiological,
behavioral, and cognitive functions [10–12]. According to a prospective study on older
Japanese participants, increasing consumption of fermented dairy products may help
reduce the prevalence of dementia, including AD [13]. According to reports, AD is less
prevalent among Hainan Tibetans in Qinghai than it is among populations in other nations.
This may be because to the Tibetan population’s unique dietary practices and other customs
and religious beliefs [14].

The most well-established connection between dietary patterns and MCI is that be-
tween the consumption of fruits and vegetables and MCI. Consuming fruits, vegetables, and
juices regularly may improve cognition in healthy older persons, according to research [15].
Anthocyanin-rich fruits, for example, have been reported to reduce TNF-α concentration
in older adults with MCI [16]. Moreover, adherence to the Mediterranean-DASH Inter-
vention for Neurodegenerative Delay (MIND) eating pattern, which emphasizes berries
and leafy greens, has also shown promise in improving cognitive outcomes [17]. In the
Malaysian population, the promotion of “tropical fruit-oats” intake serves as a preventive
measure against dementia in the older adults [18]. Cohort studies indicate that the regular
consumption of fruits and certain vegetables may mitigate age-related cognitive losses
among the middle aged [19]. The relationship between consuming fruits and vegetables
and cognition in many Western nations has been the subject of increasing research. For
instance, research from 11 European nations demonstrated that eating fruits and vegetables
often was linked to better cognitive and mental health [20]. According to Swedish research,
eating more fruits and vegetables may lower the risk of getting dementia. This relationship
has been confirmed in investigations of American, French, and Spanish speakers [21–23]. A
significant plant consumption has also been linked in several studies to the maintenance
of cognition [24–26], with the benefit of combined fruit and vegetable intake being more
prominent. Despite the paucity of data from Asian cultures, several studies have shown
links between fruit and vegetable consumption and cognitive decline [27]. The cognitive
function of elderly Japanese individuals may be enhanced by a diet heavy in fruits and
vegetables [28]. Poor cognitive function was linked in cross-sectional analyses to reduced
overall vegetable consumption in Korean women [29].

Numerous studies have revealed a link between regular fruit and vegetable consump-
tion and a lower risk of illness [30–32]. Even the higher the intake of fruits and vegetables,
the lower the mortality rate [33]. Fruits and vegetables may synergistically act to safeguard
cognitive function. Research has demonstrated that the combined effects of individual
phytochemicals exceed the sum of their respective biological contributions [34]. Hence,
it is plausible that the joint intake of both fruits and vegetables may offer greater neuro-
protection than consuming either one alone. A substantial body of research underscores
the benefits of regular fruit and vegetable consumption in enhancing cognitive outcomes
among older adults worldwide, including Asia and China. Although some studies of
older Chinese populations have identified similar relationships, there remains a paucity of
national or cohort data for China as a whole. Additionally, investigations on the combined
effects of fruit and vegetable intake in China are comparatively scarce.

For the reasons mentioned above, we used the genetic sub study from the Chinese
Longitudinal Healthy Longevity Survey (CLHLS), a large-scale community-based study, to
examine the relationships between the frequency and patterns of vegetable and fruit con-
sumption and cognitive function among the oldest old in China. In addition to examining
the connection between eating fruit and vegetables and cognitive function, our research
also examined the effect of the frequency of vegetable and fruit intake as two separate
factors on MCI and compared the differences between the two results to examine synergies.
The effects of other potential confounding factors on cognitive function, such as lifestyle
conditions and depression, were also tested. In consideration to the rapidly accelerating
aging process in China, this research is significant for encouraging seniors to adopt healthy
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eating habits and enhance their cognitive abilities, as well as minimizing the future burden
of MCI and AD on families and society.

2. Materials and Methods
2.1. Study Design and Sample

The China Longitudinal Healthy Longevity Survey (CLHLS; The 2008–2018 tracking
data set 2008; 2008–2009, 2011–2012, 2014 and 2017–2018) provided the longitudinal data
for this investigation over four waves. In order to fill information and knowledge gaps for
research studies and policy analyses on healthy aging, the CLHLS has been carried out
in China from 1998. The initial survey was performed in 1998, and further surveys were
carried out in 2000, 2002, 2005, 2008–2009, 2011–2012, 2014, and 2017–2018. Established by
researchers and investigators from Duke University, Peking University, and other institu-
tions, CLHLS is a continuing open cohort that has been part of a worldwide collaboration.
The CLHLS dataset is the first longitudinal dataset to examine the health and longevity of
Chinese older people, concentrating on the oldest old in a developing country. The CLHLS
has been collecting considerable longitudinal home interview data on a far larger sample of
oldest old aged 80 and older than has previously been investigated. Health status, disability,
mortality, and survival, as well as demographics, household, socioeconomic factors, income
levels, care requirements, costs of older persons, and behavioral risk factors associated
with mortality and healthy aging, are all significant metrics included. The CLHLS is a
national survey of China that was carried out in randomly chosen counties and cities in
22 of the country’s 30 provinces, covering 85% of the country’s population. More detailed
information about this dataset was described elsewhere [35,36]. The project was approved
by the Biomedical Ethics Committee of Peking University, China (IRB00001052-13074). In
the baseline and follow-up questionnaires, all participants completed written consent forms
or provided written consent through their legal representative.

The present data were obtained at 4 time points: T1, data collected in 2008–2009, a
sample of 16,954 elderly people aged 65 years and older; T2, data collected in 2011–2012, a
sample of 9765 elderly people aged 65 years and older; T3, data collected in 2014, a sample
of 7192 elderly people aged 65 years and older; and T4, data collected in 2017–2018, a sample
of 15,874 elderly people aged 65 years and older. This study screened respondents who
participated in all four surveys and a total of 2454 participants were ultimately included.

2.2. Measures
2.2.1. Assessment of Cognitive Function

The Chinese version of the Mini-mental State Examination (MMSE), which comprises
24 indicators that indicate the orientation, responsiveness, attention and calculation, mem-
ory, language comprehension, and coordination of the elderly, was used to evaluate the
cognitive function of CLHLS participants. The MMSE has a value range of 0 to 30, and
greater MMSE scores correspond to higher levels of cognitive function. Numerous earlier
studies [37,38] have shown the reliability and validity of this Chinese MMSE. According
to earlier research, an MMSE score of less than 24 was considered to be indicative of MCI
(MCI is defined as MMSE = 0, otherwise MMSE = 1) [39–41].

2.2.2. Assessment of Vegetable and Fruit Intake Frequency

Vegetable and fruit intake frequencies were assessed by asking “do you often eat
fresh fruits/vegetables?”, and the options were set as “eat every day/almost every day”,
“eat often”, “eat sometime”, and “eat little or never”. These two individual problems
associated with measuring vegetable and fruit intake have been validated [42]. Several
studies have relied on these two individual questions to ascertain the frequency of fruit
and vegetable intake [43–45], while other investigations have employed them to classify
the frequency of consumption into discrete categories [46]. In order to classify vegetable
and fruit intake patterns and avoid overclassification, daily or often and sometimes or
never intake categories were employed to reflect high and low consumption of vegetables
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and fruit, which was strongly advised by several dietary guidelines [47]. Therefore, the
following four intake patterns were defined: V+/F+: daily or often intake of both vegetables
and fruit; V+/F−: daily or often intake of vegetables but sometimes or never intake of
fruits; V−/F+: sometimes or never intake of vegetables but daily or often intake of fruits;
and V−/F−: sometimes or never intake of either vegetables or fruit.

In addition to the aforementioned classifications, this study performed a separate
analysis of fruit and vegetable intake frequencies as two independent variables in order to
enhance result clarity. The frequency categories were assigned quantitative values: “eat
every day/almost every day” and “eat often” were classified as “1”, representing high
frequency intake, while “sometimes” and “rarely or never” were classified as “0,” indicating
low frequency intake. Notably, these two individual questions captured the frequency
rather than the quantity of fruit and vegetable intake; therefore, all results and explanations
pertained solely to frequency metrics.

2.2.3. Assessment of Depression

The PhenX (consensus measurements for Phenotypes and exposures) Toolkit was
used by the CLHLS to quantify depression (PhenX code: 120500). PhenX is a brief 2-item
self-report screening tool that asks participants to indicate whether they have experienced
depression symptoms lasting at least two weeks in the last 12 months (1 = Yes), whether
they have not (2 = No), or whether they are unable to respond (8 = not able to answer). If at
least one response to the questions was 1 = Yes, the participant was deemed depressed.

The reliability of PhenX was evaluated using the Spearman–Brown coefficient rather
than Cronbach’s alpha because it only contained two items [48]. Phen X demonstrated
strong validity and reliability in other studies [49,50]. The Spearman–Brown coefficient
in this study was 0.738, demonstrating the high internal consistency and reliability of the
depression measurement tool. This variable was only accessible in T2 and T3 databases
due to the database scale.

2.2.4. Assessment of Psychological Well-Being (PWB)

Seven items encompassing both positive (sense of personal control, conscientiousness,
and good sentiments about aging) and negative effects (optimism, loneliness, anxiety, and
loss of self-worth) with a five-point Likert scale were used to evaluate PWB. There were
five response levels: always, frequently, occasionally, rarely, and never. Respondents were
instructed to select one of five choices. Positive PWB was indicated by a higher score
since we have reversed the coding of negative emotions [51]. The reliability of these seven
measurement questions has been demonstrated [52,53]. The index’s internal consistency
(Cronbach’s alpha) was 0.650. Due to the database scale, this variable is only available in
T1, T2, and T3 databases.

2.2.5. Individual-Level Covariates

Following the previous studies, we considered potential confounders, including gender,
age, education background (years of schooling), ethnicity (Han and others), residence (rural
and urban), living condition (live with family, live alone, live in a nursing institution), self-
assessed economic level (good, fair, poor), annual household income (Q1 = less than 25,000,
Q2 = 25,000–49,999, Q3 = 50,000–74,999, Q4 = more than 75,000; measured in Renminbi (RMB),
the Chinese currency), marital status (currently married and living with spouse, currently
married and not living with spouse, and unmarried or other), timely treatment (illness can be
treated promptly (yes) and illness cannot be treated promptly (no)), and childhood starvation
(Starving (yes) and not starving (no)).

2.3. Statistical Analysis

Generalized-estimating equations (GEE) with an unstructured covariance matrix and
a robust estimator were utilized in the statistical studies, which were carried out using IBM
Corp.’s SPSS software version 27. GEE is a regression model that analyzes correlation data
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by combining repeated measurement data and the quasi-likelihood estimation approach to
determine generalized linear model parameters. We utilized gamma and logarithmic join
types in this study. The method considers the interdependence of the observation periods
and incorporates all information that is readily available for each participant, making it
less vulnerable to the effects of missing data. We did not add random effects to the model
since we were only interested in the fixed effects of the listed components as anticipated. In
the present study’s analysis, the score of MMSE was examined as the dependent variable.

First, in Model 1, we performed an unadjusted analysis of the association of all the
independent variables measured at T1 (including the queue), with MCI measured at T1–T5
and then the adjusted analysis. Secondly, given that only T2–T3 data included measurements
of depression, all independent variables in Model 2 (including subjective well-being and
depression) came from T2 and dependent variables from T3. Then, we analyzed the frequency
of vegetable and fruit intake as two independent variables; all the independent variables
were measured from T1, and the dependent variables were measured from T2–T4. The
relationships of cognitive function with all independent variables (including all covariates) in
the two models were examined using GEE. p < 0.05 was used to define reported p values as
statistically significant.

To control the false discovery rate (FDR), two-sided p values were corrected according
to the Benjamini/Hochberg (B/H) methodology [54] to account for multiple testing. If the
B/H-adjusted p value of an association was lower than 0.05, indicating a false discovery
rate (FDR) of 5%, it was considered to be statistically significant.

Furthermore, a normality assessment was performed on the dependent variable
MCI. The Kolmogorov–Smirnoff test demonstrated a significance level of less than
0.0001 and a skewness value of −2.351 (Standard error = 0.029), and a kurtosis value of
5.741 (Standard error = 0.057) was obtained. These findings suggested that the dependent
variable MCI did not conform to a normal distribution. However, utilizing a connection
function, the Generalized estimating equations (GEE) method was employed to fit the
dependent variables of binomial, Poisson, and Gamma distributions into corresponding
statistical models, thus resolving the issue of non-independence of repeated measurement
data and attaining precise parameters for dependent variables of varying distribution
types. Moreover, we performed a multicollinearity assessment on all independent vari-
ables, and the findings revealed that the tolerance values of each independent variable
ranged between 0.6 and 1. Likewise, the Variance Inflation Factor (VIF) values of each
independent variable ranged between 1 and 1.7. Based on these outcomes, it can be
inferred that no collinearity existed among the independent variables.

3. Results

Of the 2454 older adults who participated in the four-period survey, the mean (SD) age
was 75.46 (8.21) years; 1307 (53.3%) were women; 2293 (93.65) were Han Chinese. Table 1
shows a description of the variables among the respondents.

3.1. Prevalence of MCI among Chinese Older Adults

Table 1 also shows the prevalence of MCI for the various time periods. The prevalence
was 14.8% (362 of 2454) at T1 (70.4% (255 of 362) for women vs. 29.6% (107 of 362) for men;
p = 0.008), 14.3% (351 of 2454) at T2 (69.5% (244 of 351) for women vs. 30.5% (107 of 351)
for men; p = 0.076, no significant difference), 16.9% (415 of 2454) at T3 (73.0% (303 of 415)
for women vs. 27.0% (112 of 415) for men; p < 0.001), and 32.7% (803 of 2454) at T4 (67.6%
(543 of 803) for women vs. 32.4% (260 of 803) for men; p < 0.001). From T1 to T4, there
was a discernible rise in the prevalence of MCI (β = 0.114; 95% CI, 0.101 to 0.127; p < 0.001;
unadjusted and β = 0.054; 95% CI, 0.037 to 0.070; p < 0.001; adjusted).
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Table 1. Overview and description of the sample.

Variable
T1 T2 T3 T4

MMSE = 0 MMSE = 1 MMSE = 0 MMSE = 1 MMSE = 0 MMSE = 1 MMSE = 0 MMSE = 1
X ± S/N (%) X ± S/N (%) X ± S/N (%) X ± S/N (%)

Gender
Men 1040 (49.7) 107 (29.6) 1038 (49.4) 107 (30.5) 2033 (50.7) 112 (27.0) 885 (53.6) 260 (32.4)

Women 1052 (50.3) 255 (70.4) 1065 (50.6) 244 (69.5) 1006 (49.3) 303 (73.0) 766 (46.4) 543 (67.6)
Age 74.29 ± 7.44 82.20 ± 9.19 77.55 ± 7.62 83.93 ± 9.44 80.35 ± 7.57 86.89 ± 9.06 83.25 ± 7.01 90.00 ± 8.63
Years of school 3.21 ± 3.80 1.02 ± 2.28 3.21 ± 3.80 0.96 ± 2.18 3.17 ± 3.76 1.32 ± 2.72 3.58 ± 3.90 1.47 ± 2.78
Ethnic

Hans 1949 (93.2) 347 (95.9) 1974 (93.9) 322 (91.7) 1908 (93.6) 388 (93.5) 1538 (93.2) 758 (94.4)
Others 143 (6.8) 15 (4.1) 129 (6.1) 29 (8.3) 131 (6.4) 27 (6.5) 113 (6.8) 45 (5.6)

Birthplace
Urban 184 (8.8) 19 (5.2) 185 (8.8) 18 (5.1) 176 (8.6) 27 (6.5) 152 (9.2) 51 (6.4)
Rural 1908 (91.2) 343 (94.8) 1918 (91.2) 333 (94.9) 1863 (91.4) 388 (93.5) 1499 (90.8) 752 (93.6)

Living condition
Live with family 1784 (85.3) 277 (76.5) 1681 (79.9) 278 (79.2) 1595 (78.2) 306 (73.7) 1320 (80.0) 651 (81.1)

Live alone 296 (14.1) 79 (21.8) 400 (19.0) 67 (19.1) 423 (20.7) 102 (24.6) 303 (18.4) 126 (15.7)
Live in a nursing institution 12 (0.6) 6 (1.7) 22 (1.0) 6 (1.7) 21 (1.0) 7 (1.7) 28 (1.7) 26 (3.2)

Economic self-evaluation
Good 306 (14.6) 86 (23.8) 269 (12.8) 99 (28.2) 172 (8.4) 81 (19.5) 141 (8.5) 100 (12.5)
Fair 1521 (72.3) 235 (64.9) 1426 (67.8) 222 (63.2) 1514 (74.3) 280 (67.5) 1106 (67.0) 599 (74.6)
Poor 274 (13.1) 41 (11.3) 408 (19.4) 30 (8.5) 353 (17.3) 54 (13.0) 404 (24.5) 104 (13.0)

Family annual income
Q1 1614 (77.2) 275 (76.0) 1208 (57.4) 225 (64.1) 959 (47.0) 205 (49.4) 628 (38.0) 295 (36.7)
Q2 275 (13.1) 35 (9.7) 424 (20.2) 42 (12.0) 534 (26.2) 103 (24.8) 412 (25.0) 226 (28.1)
Q3 57 (2.7) 10 (2.8) 200 (9.5) 24 (6.8) 243 (11.9) 46 (11.1) 216 (13.1) 95 (11.8)
Q4 146 (7.0) 42 (11.6) 271 (12.9) 60 (17.1) 303 (14.9) 61 (14.7) 395 (23.9) 187 (23.3)

Marital status
Currently married and

living with spouse 1300 (62.1) 133 (36.7) 1090 (51.8) 120 (34.2) 1052 (51.6) 122 (29.4) 782 (47.4) 185 (23.0)

Currently married and not
living with spouse 65 (3.1) 6 (1.7) 54 (2.6) 8 (2.3) 38 (1.9) 11 (2.7) 35 (2.1) 17 (2.1)

Unmarried or other 727 (34.8) 223 (61.6) 959 (45.6) 223 (63.5) 949 (46.5) 282 (68.0) 834 (50.5) 601 (74.8)
Timely treatment

Yes 1973 (94.3) 318 (87.8) 2018 (96.0) 319 (90.9) 1999 (98.0) 386 (93.0) 1614 (97.8) 769 (95.8)
No 119 (5.7) 44 (12.2) 85 (4.0) 32 (9.1) 40 (2.0) 29 (7.0) 37 (2.2) 34 (4.2)
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Table 1. Cont.

Variable
T1 T2 T3 T4

MMSE = 0 MMSE = 1 MMSE = 0 MMSE = 1 MMSE = 0 MMSE = 1 MMSE = 0 MMSE = 1
X ± S/N (%) X ± S/N (%) X ± S/N (%) X ± S/N (%)

Starving in childhood
Yes 1551 (74.1) 289 (79.8) 1553 (73.8) 287 (81.8) 1503 (73.7) 337 (81.2) 1206 (73.0) 634 (79.0)
No 541 (25.9) 73 (20.2) 550 (26.2) 64 (18.2) 536 (26.3) 78 (18.8) 445 (27.0) 169 (21.0)

Vegetable and fruit intake
patterns

V−/F− 120 (5.7) 56 (15.5) 99 (4.7) 35 (10.0) 117 (5.7) 61 (14.7) 105 (6.4) 137 (17.1)
V+/F− 1043 (49.9) 194 (53.6) 1105 (52.5) 238 (67.8) 1021 (50.1) 231 (55.7) 786 (47.6) 397 (47.2)
V−/F+ 20 (1.0) 5 (1.4) 15 (0.7) 7 (2.0) 19 (0.9) 6 (1.4) 16 (1.0) 14 (1.7)
V+/F+ 909 (43.5) 107 (29.6) 884 (42.0) 71 (20.2) 882 (43.3) 117 (28.2) 744 (45.1) 273 (34.0)
PWB 26.54 ± 3.65 26.64 ± 6.59 27.47 ± 4.06 26.06 ± 5.68 27.26 ± 4.37 27.00 ± 6.74 - -

Depression
No - - 1757 (83.5) 268 (76.4) 1758 (86.2) 349 (84.1) - -
Yes - - 346 (16.5) 83 (23.6) 281 (13.8) 66 (15.9) - -

All 2092 (85.2) 362 (14.8) 2103 (85.7) 351 (14.3) 2039 (83.1) 415 (16.9) 1651 (67.3) 803 (32.7)

Note: PWB denotes psychological well-being. S denotes Standard deviation. N denotes Number.
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3.2. Factors Associated with MCI among Chinese Older Adults

The unadjusted and adjusted factors associated with MCI among Chinese older adults
in model 1 and adjusted factors associated with MCI among Chinese older adults in model
2 are shown in Table 2. In the adjusted model 1, the V+/F+ patterns significantly improved
cognitive function in older adults compared with the V−/F− pattern (OR, 1.026; 95% CI,
1.001–1.053; p < 0.05). In addition, risk factors for cognitive function in older Chinese
include female (OR, 0.962; 95% CI, 0.951–0.974; p < 0.001) and older age (OR, 0.992; 95% CI,
0.991–0.993; p < 0.001), and protective factors for cognitive function in older Chinese include
longer years of schooling (OR, 1.005; 95% CI, 1.003–1.006; p < 0.001) and not starving in
childhood (OR, 1.019; 95% CI, 1.008–1.030; p < 0.01). After adjustment, the PWB was
significantly positively associated with cognitive function (OR, 1.003; 95% CI, 1.001–1.005;
p < 0.01), and depression was not statistically significant in association with cognitive
function (OR, 0.985; 95% CI, 0.967–1.003; p > 0.05), which were presented in the results of
Model 2.

Table 2. Factors associated with MCI among Chinese older adults.

Factors Associated with Cognitive Function
Model 1 Unadjusted Model 1 (T1–T4) Adjusted Model 2 (T2–T3) Adjusted

OR 95% CI of OR OR 95% CI of OR OR 95% CI of OR
LB UB LB UB LB UB

Gender = Female (ref: Male) 0.961 *** 0.95 0.973 0.962 *** 0.951 0.974 0.958 *** 0.944 0.971
Age 0.992 *** 0.991 0.993 0.992 *** 0.991 0.993 0.994 *** 0.992 0.995

Years of schooling 1.005 *** 1.004 1.007 1.005 *** 1.003 1.006 1.004 ** 1.001 1.006
Ethnic = Others (ref: Hans) 0.998 0.974 1.022 1.000 0.977 1.025 1.012 0.984 1.04

Birthplace = Rural (ref: Urban) 0.981 * 0.963 0.999 0.982 0.964 1.001 0.989 0.965 1.014
Living condition = Live in a nursing institution

(ref: Live with family) 0.984 0.872 1.109 0.983 0.873 1.106 0.978 0.898 1.065

Living condition = Live alone
(ref: Live with family) 1.016 0.996 1.036 1.016 0.996 1.037 1.021 * 1.001 1.041

Economic self-evaluation = Good (ref: poor) 1.012 0.991 1.034 0.999 0.978 1.021 1.018 0.992 1.044
Economic self-evaluation = Fair (ref: poor) 1.006 0.989 1.023 0.999 0.982 1.016 1.004 0.983 1.026

Family income = Q4 (ref: Q1) 1.009 0.988 1.03 1.005 0.984 1.026 1.003 0.983 1.023
Family income = Q3 (ref: Q1) 0.999 0.961 1.038 0.998 0.96 1.037 0.982 0.957 1.007
Family income = Q2 (ref: Q1) 1.013 0.995 1.03 1.009 0.992 1.026 0.994 0.978 1.01

Marital status = Unmarried or other
(ref: currently married and living with spouse) 0.983 * 0.969 0.998 0.986 0.971 1.001 0.987 0.972 1.002

Marital status = Currently married and not
living with spouse

(ref: currently married and living with spouse)
0.996 0.968 1.025 1.000 0.971 1.029 0.958 0.911 1.006

Timely treatment = No (ref: Yes) 0.978 0.952 1.004 0.985 0.959 1.012 0.982 0.943 1.023
Starving in childhood = No (ref: Yes) 1.019 ** 1.008 1.031 1.019 ** 1.008 1.03 1.014 * 1.001 1.027

Vegetable and fruit intake patterns = V+/F+
(ref: V−/F−) 1.05 ** 1.021 1.08 1.026 * 1.001 1.053 1.101 *** 1.062 1.141

Vegetable and fruit intake patterns = V−/F+
(ref: V−/F−) 1.038 0.978 1.101 1.028 0.964 1.097 0.995 0.869 1.14

Vegetable and fruit intake patterns = V+/F−
(ref: V−/F−) 1.036 * 1.008 1.065 1.014 0.989 1.04 1.075 *** 1.038 1.114

PWB 1.008 *** 1.006 1.01 1.003 ** 1.001 1.005 1.002 * 1 1.004
Depression = Yes (ref: No) - - - - - - 0.985 0.967 1.003

Note: OR denotes odds ratio, CI denotes confidence interval, LB denotes lower bound, UB denotes upper bound.
* p < 0.05; ** p < 0.01; *** p < 0.001. PWB denotes psychological well-being.

3.3. The Relationship between the Frequency of Fruit and Vegetable Consumption and MCI among
Chinese Older Adults

In order to explore the effects of vegetable and fruit intake frequency on the MCI in the
older adults, respectively, in model 3, fruit intake frequency and vegetable intake frequency
were used as two independent variables. The results in Table 3 show that frequent fruit
eating (OR, 0.989; 95% CI, 0.972–1.006; p > 0.05) and frequent vegetable eating (OR, 1.006;
95% CI, 0.994–1.018; p > 0.05) have no significant positive or negative effects on cognitive
function improvement in the older adults compared with infrequent consumption.
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Table 3. Factors associated with MCI among Chinese older adults (Model 3).

Variable p OR
95% CI of OR

LB UB

[F = 1] ref [F = 0] 0.189 0.989 0.972 1.006
[V = 1] ref [V = 0] 0.348 1.006 0.994 1.018

Note: F = 1 denotes frequent fruit consumption, F = 0 denotes infrequent fruit consumption, V = 1 denotes
frequent vegetables consumption, V = 0 denotes infrequent vegetables consumption, OR denotes odds ratio, CI
denotes confidence interval, LB denotes lower bound, UB denotes upper bound, controlling for gender, years of
schooling, ethnic, birthplace, living condition, economic self-evaluation, family income, marital status, timely
treatment, and starving in childhood.

4. Discussion

In this cohort research, older Chinese older adults had greater rates of MCI, particularly
at T4, when the incidence of MCI reached 32.7%. The V+/F+ patterns of vegetables and
fruits can greatly boost cognitive function and reduce the incidence of MCI in the older
adults in China. Higher PWB scores imply greater cognitive performance, and PWB can also
considerably enhance cognitive function. Depression is not related to cognitive function.
Additionally, as older adults age, the possibility of them suffering from MCI increases. In
addition, some covariates are also associated with MCI in older adults, such as gender,
years of schooling, and starvation in childhood.

At the T1, T2, and T3 periods, the prevalence of MCI in Chinese older adults was
14.8%, 14.3%, and 16.9%, respectively, which was higher than the prevalence of MCI among
the older adults in Zhejiang Province (13.0%) of China [55] and Taiyuan (9.7%) City [5] and
lower than those in rural areas in northern China [6]. However, the prevalence of MCI
in T4 was as high as 32.7%, which was far beyond the normal range of MCI prevalence
among the older adults in China (estimated range: 9.7–23.3%) [8]. As older adults age,
as does the risk of mild cognitive impairment. At T4, the average age of the older adults
was 85.46 (SD = 8.21), of which 161 older adults reached or exceeded 100 years old, far
exceeding the average life expectancy of China in 2021 of 78.2 years [56]. Therefore, among
T4 respondents, the prevalence of MCI was as high as 32.7%, which is reasonable.

Numerous bioactive compounds and antioxidant nutrients (such as vitamins A, B, C,
and E, carotenoids, flavonoids, and polyphenols) are naturally present in fruits, vegetables,
and juices and are thought to reduce oxidative stress in the brain, thereby preventing
age-related neurologic dysfunction [57–59]. Second, increasing fruit and vegetable intake
has been associated with lower blood pressure and a lower risk of cardiovascular dis-
ease [60,61], both of which are established risk factors for MCI [62,63]. Existing research
indicates that those who consume more folic acid age cognitively more slowly. Addi-
tionally, homocysteine builds up in brain tissue due to folic acid shortage, which may
result in cognitive problems [64]. The development of cognitive decline, dementia, and
AD in older people has been linked to elevated plasma total homocysteine, which has
received widespread acceptance [65,66]. These results demonstrated the need for folic acid
consumption to be considered in the daily prevention of cognitive deterioration. Fiber
intake in vegetables and fruits may have a protective effect on cognitive function, and
different sources of fiber intake, especially vegetable and fruit fiber, may be associated with
different dimensions of cognitive function [67]. Consumption of dietary fiber can modulate
the gut microbiota–brain system to influence cognitive and brain health. Additionally, the
blood-pressure-lowering effects of dietary fiber intake may contribute to the preservation
of healthy cognitive function among older adults [67].

An intriguing finding of this study is that frequent intake of either fruits or vegetables
in isolation did not confer cognitive protection upon older adults, suggesting that the
combined consumption of these two food groups elicits a synergistic effect exceeding that
of their individual contributions—i.e., an effect akin to “1 + 1 > 2”. Notably, associations
between multiple nutrients may potentiate the benefits of an individual nutrient [68].
Neuffer et al., for example, assessed plasma levels of LC n-3 PUFA, 25-hydroxyvitamin D,
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and carotenoids, indicating a fourfold increased risk of dementia among participants who
demonstrated higher index values, indicating potential for mitigating cognitive decline
through correction of multinutrient deficiencies [69]. In fact, the LipiDiDiet trial tested
the efficacy of a multinutrient supplement in preventing Alzheimer’s disease progression,
with follow-up results after 36 months, revealing significant long-term improvement in
cognitive outcomes, brain atrophy, and disease progression among 81 participants (from an
initial pool of 311 randomized subjects) [70].

Additionally, we discovered a positive correlation between older persons’ psycho-
logical well-being and their cognitive function. This agrees with the findings of further
research [71,72]. In comparison to their cognitively similar-aged contemporaries, older
individuals with high psychological well-being may have higher environmental mastery, a
sense of purpose in life, and pleasant relationships with others [71]. However, it appears
that depression and cognitive function is not always linked, which is consistent with the
findings of previous studies [73]. Regardless of the fact that numerous studies have demon-
strated that depression is linked to a higher likelihood of developing dementia [74,75] for
reasons that are not clear. The simplest hypothesis is that they both share similar pathogenic
pathways, with depression serving as a prodromal symptom of the diseases that ultimately
lead to dementia [76]. In general, clinical–pathologic research has not indicated a link
between depressed symptoms and diseases connected to dementia [77].

The relationship between some of the adjusted variables and cognitive function in this
study is consistent with Longfei Jia’s study, such as age, sex, and years of schooling [8]. The
aging process is known to impart alterations upon brain structures inclusive of systemic
atrophy, as well as fragility of neurons present within memory-associated regions [78]. In
females, rising prevalence rates of cognitive impairments may be attributed to reductions
in estrogen and associated hormones following menopause, along with variations in
brain morphology [79]. Notably, prolonged educational experiences may augment an
individual’s cognitive reserve capacity [80]. Interestingly, this study failed to discern any
potential association between birth location (rural vs. urban) or living alone with risk
of developing MCI among older adults, thus diverging from established literature. It is
plausible that gaps in the data obtained regarding respondents’ birthplaces might explain
these unanticipated observations, whereby by some participants’ residences and birthplaces
were distinct. Furthermore, results from this study indicate that living alone among aged
individuals did not confer elevated risk for MCI. Notably, it is conceivable that this finding
reflects the advanced age of the subjects evaluated, as few examinations have targeted
populations, with a mean age exceeding 85.5 years (the average age of the older adults
represented in the T4 timeframe).

The strengths of our study included the use of a 10-year follow-up and longitudinal
analysis, which reduced the recollection bias and survival bias that frequently undermine
the validity of the cross-sectional and retrospective study findings and the multiplex
measures of eating patterns and cognitive function. Additionally, this sample is more
typical of Chinese citizens since it includes 23 provinces or municipalities directly under
the central government and is nationally representative. Furthermore, in order to reach a
reliable estimate of the relevant connection, we carefully corrected for a few confounding
factors. Most significantly, this study fills a research gap on older Asians by examining the
association between fruit and vegetable consumption habits and MCI in older Chinese.

However, it is essential to be conscious of several research limitations. First, the
selection bias and reduction in generality that may result from our inclusion and exclusion
of individuals. Participants who did not completely engage in the T1–T4 survey were
eliminated, as were those who passed away or were unreachable. Many sample sizes
were reduced as a result of the older age during recruitment (mean age: 75.46 years).
Second, as self-reported food frequency questionnaires are used in dietary surveys, there
is a chance that fruit, vegetables, and their nutrient consumption will be misclassified.
Additionally, for the frequency of intake of fruits and vegetables, only baseline data were
included. As a result, we are unable to account for dietary modifications during the follow-
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up. The association discovered in this study may have been weakened as a result of these
restrictions. Third, even though we have considered a few potential confounding variables,
it is still challenging to completely exclude the impact of residual confounding variables
(such as other nutrients, dietary practices, and health awareness) on the association between
vegetable and fruit intake and MCI risk due to common risk factors. Finally, in cohort
studies, when the incidence of outcomes is large, the OR value can be highly misleading
because it exaggerates the size of the effect [81].

5. Conclusions

In younger Chinese older adults, MCI is estimated to afflict around 15% of the pop-
ulation, with prevalence rates increasing to 32.7% by 85 years of age; those aged around
90 years old reside in a particularly high-risk group. Of note, older adults who frequently
consume both fruits and vegetables experience a reduction in MCI risk relative to those
consuming these food groups infrequently—emphasizing the critical importance of regular
intake of both fruits and vegetables in maintaining cognitive function. Encouragingly,
there exists a positive correlation between psychological well-being (PWB) and cognitive
function among older adults: individuals possessing robust PWB exhibited lower MCI risk
profiles than their counterparts without such fortitude.

Author Contributions: All the authors participated in this research. Data analysis and manuscript
writing were all completed by A.Q. and M.W. and L.X. contributed to the revision. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China, grant
number 71974118.

Institutional Review Board Statement: This study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures involving research study participants were
approved by the biomedical ethics committee of Peking University (IRB00001052–24713074).

Informed Consent Statement: In the baseline and follow-up questionnaires, all participants—or
their legal representatives—signed written permission forms.

Data Availability Statement: The raw data supporting the conclusions of this article can be found
here: https://opendata.pku.edu.cn/dataverse/CHADS (accessed on 20 December 2022).

Acknowledgments: The authors would like to thank all the citizens of China who participated in the
questionnaire survey, the relevant departments that aided the survey, the United States Department
of Health and Human Services, the National Institutes of Health, the National Institute on Aging (R01
AG023627), the National Basic Research Program of China (2013CB530700), the National Natural
Science Foundation of China (71233001), and the grants of the National Natural Science Foundation
of China (71974118).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. United Nations. World Population Ageing 2019; United Nations: New York, NY, USA, 2020.
2. National Bureau of Statistics. Bulletin of the Seventh National Population Census (No. 5), Population Age Composition; China Statistics:

Beijing, China, 2021; pp. 10–11.
3. Hu, C.; Yu, D.; Sun, X.; Zhang, M.; Wang, L.; Qin, H. The prevalence and progression of mild cognitive impairment among clinic

and community populations: A systematic review and meta-analysis. Int. Psychogeriatr. 2017, 29, 1595–1608. [CrossRef]
4. Salinas-Rodríguez, A.; Palazuelos-González, R.; Rivera-Almaraz, A.; Manrique-Espinoza, B. Longitudinal association of sarcope-

nia and mild cognitive impairment among older Mexican adults. J. Cachexia Sarcopenia Muscle 2021, 12, 1848–1859. [CrossRef]
5. Fei, M.; Qu, Y.C.; Wang, T.; Yin, J.; Bai, J.X.; Ding, Q.H. Prevalence and distribution of cognitive impairment no dementia (CIND)

among the aged population and the analysis of socio-demographic characteristics: The community-based cross-sectional study.
Alzheimer Dis. Assoc. Disord. 2009, 23, 130–138. [CrossRef]

6. Zhang, Y.; Shi, Z.; Liu, M.; Liu, S.; Yue, W.; Liu, S.; Xiang, L.; Lu, H.; Liu, P.; Wisniewski, T. Prevalence of cognitive impairment no
dementia in a rural area of Northern China. Neuroepidemiology 2014, 42, 197–203. [CrossRef]

7. Jia, J.; Wang, F.; Wei, C.; Zhou, A.; Jia, X.; Li, F.; Tang, M.; Chu, L.; Zhou, Y.; Zhou, C. The prevalence of dementia in urban and
rural areas of China. Alzheimer’s Dement. 2014, 10, 1–9. [CrossRef]

https://opendata.pku.edu.cn/dataverse/CHADS
https://doi.org/10.1017/S1041610217000473
https://doi.org/10.1002/jcsm.12787
https://doi.org/10.1097/WAD.0b013e318190a59d
https://doi.org/10.1159/000360138
https://doi.org/10.1016/j.jalz.2013.01.012


Nutrients 2023, 15, 2147 12 of 14

8. Jia, L.; Du, Y.; Chu, L.; Zhang, Z.; Li, F.; Lyu, D.; Li, Y.; Zhu, M.; Jiao, H.; Song, Y. Prevalence, risk factors, and management of
dementia and mild cognitive impairment in adults aged 60 years or older in China: A cross-sectional study. Lancet Public Health
2020, 5, e661–e671. [CrossRef] [PubMed]

9. Zmora, N.; Suez, J.; Elinav, E. You are what you eat: Diet, health and the gut microbiota. Nat. Rev. Gastroenterol. Hepatol. 2019, 16,
35–56. [CrossRef]

10. Schmidt, C. Thinking from the Gut. Nature 2015, 518, S12–S14. [CrossRef] [PubMed]
11. Wang, H.-X.; Wang, Y.-P. Gut microbiota-brain axis. Chin. Med. J. 2016, 129, 2373–2380. [CrossRef]
12. Fung, T.C.; Olson, C.A.; Hsiao, E.Y. Interactions between the microbiota, immune and nervous systems in health and disease. Nat.

Neurosci. 2017, 20, 145–155. [CrossRef] [PubMed]
13. Ozawa, M.; Ohara, T.; Ninomiya, T.; Hata, J.; Yoshida, D.; Mukai, N.; Nagata, M.; Uchida, K.; Shirota, T.; Kitazono, T. Milk and

Dairy Consumption and Risk of Dementia in an Elderly J apanese Population: The H isayama Study. J. Am. Geriatr. Soc. 2014, 62,
1224–1230. [CrossRef] [PubMed]

14. Huang, F.; Shang, Y.; Luo, Y.; Wu, P.; Huang, X.; Tan, X.; Lu, X.; Zhen, L.; Hu, X. Lower prevalence of Alzheimer’s disease among
Tibetans: Association with religious and genetic factors. J. Alzheimer’s Dis. 2016, 50, 659–667. [CrossRef]

15. Lamport, D.J.; Saunders, C.; Butler, L.T.; Spencer, J.P. Fruits, vegetables, 100% juices, and cognitive function. Nutr. Rev. 2014, 72,
774–789. [CrossRef] [PubMed]

16. do Rosario, V.A.; Fitzgerald, Z.; Broyd, S.; Paterson, A.; Roodenrys, S.; Thomas, S.; Bliokas, V.; Potter, J.; Walton, K.; Weston–
Green, K. Food anthocyanins decrease concentrations of TNF-α in older adults with mild cognitive impairment: A randomized,
controlled, double blind clinical trial. Nutr. Metab. Cardiovasc. Dis. 2021, 31, 950–960. [CrossRef] [PubMed]

17. Kheirouri, S.; Alizadeh, M. MIND diet and cognitive performance in older adults: A systematic review. Crit. Rev. Food Sci. Nutr.
2022, 62, 8059–8077. [CrossRef] [PubMed]

18. Rivan, N.F.M.; Shahar, S.; Fakhruddin, N.N.I.N.M.; You, Y.X.; Din, N.C.; Rajikan, R. The effect of dietary patterns on mild cognitive
impairment and dementia incidence among community-dwelling older adults. Front. Nutr. 2022, 9, 901750. [CrossRef] [PubMed]

19. Nooyens, A.C.; Bueno-de-Mesquita, H.B.; van Boxtel, M.P.; van Gelder, B.M.; Verhagen, H.; Verschuren, W.M. Fruit and vegetable
intake and cognitive decline in middle-aged men and women: The Doetinchem Cohort Study. Br. J. Nutr. 2011, 106, 752–761.
[CrossRef]

20. Gehlich, K.H.; Beller, J.; Lange-Asschenfeldt, B.; Köcher, W.; Meinke, M.C.; Lademann, J. Consumption of fruits and vegetables:
Improved physical health, mental health, physical functioning and cognitive health in older adults from 11 European countries.
Aging Ment. Health 2020, 24, 634–641. [CrossRef] [PubMed]

21. Roberts, R.O.; Geda, Y.E.; Cerhan, J.R.; Knopman, D.S.; Cha, R.H.; Christianson, T.J.; Pankratz, V.S.; Ivnik, R.J.; Boeve, B.F.;
O’Connor, H.M. Vegetables, unsaturated fats, moderate alcohol intake, and mild cognitive impairment. Dement. Geriatr. Cogn.
Disord. 2010, 29, 413–423. [CrossRef]

22. Ritchie, K.; Carrière, I.; Ritchie, C.W.; Berr, C.; Artero, S.; Ancelin, M.-L. Designing prevention programmes to reduce incidence of
dementia: Prospective cohort study of modifiable risk factors. BMJ 2010, 341, c3885. [CrossRef]

23. Ortega, R.M.; Requejo, A.M.; Andrés, P.; López-Sobaler, A.M.; Quintas, M.E.; Redondo, M.R.; Navia, B.; Rivas, T. Dietary intake
and cognitive function in a group of elderly people. Am. J. Clin. Nutr. 1997, 66, 803–809. [CrossRef]

24. Nurk, E.; Refsum, H.; Drevon, C.A.; Tell, G.S.; Nygaard, H.A.; Engedal, K.; Smith, A.D. Cognitive performance among the elderly
in relation to the intake of plant foods. The Hordaland Health Study. Br. J. Nutr. 2010, 104, 1190–1201. [CrossRef] [PubMed]

25. Whyte, A.R.; Rahman, S.; Bell, L.; Edirisinghe, I.; Krikorian, R.; Williams, C.M.; Burton-Freeman, B. Improved metabolic function
and cognitive performance in middle-aged adults following a single dose of wild blueberry. Eur. J. Nutr. 2021, 60, 1521–1536.
[CrossRef] [PubMed]

26. Wu, L.; Sun, D.; Tan, Y. Intake of fruit and vegetables and the incident risk of cognitive disorders: A systematic review and
meta-analysis of cohort studies. J. Nutr. Health Aging 2017, 21, 1284–1290. [CrossRef]

27. Mottaghi, T.; Amirabdollahian, F.; Haghighatdoost, F. Fruit and vegetable intake and cognitive impairment: A systematic review
and meta-analysis of observational studies. Eur. J. Clin. Nutr. 2018, 72, 1336–1344. [CrossRef] [PubMed]

28. Okubo, H.; Inagaki, H.; Gondo, Y.; Kamide, K.; Ikebe, K.; Masui, Y.; Arai, Y.; Ishizaki, T.; Sasaki, S.; Nakagawa, T. Association
between dietary patterns and cognitive function among 70-year-old Japanese elderly: A cross-sectional analysis of the SONIC
study. Nutr. J. 2017, 16, 56. [CrossRef]

29. Lee, L.; Kang, S.; Lee, H.; Lee, B.; Park, J.; Kim, J.H.; Jung, I.K.; Park, Y.; Lee, J. Relationships between dietary intake and cognitive
function level in Korean elderly people. Public Health 2001, 115, 133–138. [CrossRef] [PubMed]

30. Liu, R.H. Health-promoting components of fruits and vegetables in the diet. Adv. Nutr. 2013, 4, 384S–392S. [CrossRef] [PubMed]
31. Yahia, E.M.; García-Solís, P.; Celis, M.E.M. Contribution of fruits and vegetables to human nutrition and health. In Postharvest

Physiology and Biochemistry of Fruits and Vegetables; Elsevier: Amsterdam, The Netherlands, 2019; pp. 19–45.
32. Liu, R.H. Potential synergy of phytochemicals in cancer prevention: Mechanism of action. J. Nutr. 2004, 134, 3479S–3485S.

[CrossRef]
33. Wang, D.D.; Li, Y.; Bhupathiraju, S.N.; Rosner, B.A.; Sun, Q.; Giovannucci, E.L.; Rimm, E.B.; Manson, J.E.; Willett, W.C.;

Stampfer, M.J. Fruit and vegetable intake and mortality: Results from 2 prospective cohort studies of US men and women and a
meta-analysis of 26 cohort studies. Circulation 2021, 143, 1642–1654. [CrossRef]

https://doi.org/10.1016/S2468-2667(20)30185-7
https://www.ncbi.nlm.nih.gov/pubmed/33271079
https://doi.org/10.1038/s41575-018-0061-2
https://doi.org/10.1038/518S13a
https://www.ncbi.nlm.nih.gov/pubmed/25715275
https://doi.org/10.4103/0366-6999.190667
https://doi.org/10.1038/nn.4476
https://www.ncbi.nlm.nih.gov/pubmed/28092661
https://doi.org/10.1111/jgs.12887
https://www.ncbi.nlm.nih.gov/pubmed/24916840
https://doi.org/10.3233/JAD-150697
https://doi.org/10.1111/nure.12149
https://www.ncbi.nlm.nih.gov/pubmed/25399992
https://doi.org/10.1016/j.numecd.2020.11.024
https://www.ncbi.nlm.nih.gov/pubmed/33546942
https://doi.org/10.1080/10408398.2021.1925220
https://www.ncbi.nlm.nih.gov/pubmed/33989093
https://doi.org/10.3389/fnut.2022.901750
https://www.ncbi.nlm.nih.gov/pubmed/36003836
https://doi.org/10.1017/S0007114511001024
https://doi.org/10.1080/13607863.2019.1571011
https://www.ncbi.nlm.nih.gov/pubmed/30729805
https://doi.org/10.1159/000305099
https://doi.org/10.1136/bmj.c3885
https://doi.org/10.1093/ajcn/66.4.803
https://doi.org/10.1017/S0007114510001807
https://www.ncbi.nlm.nih.gov/pubmed/20550741
https://doi.org/10.1007/s00394-020-02336-8
https://www.ncbi.nlm.nih.gov/pubmed/32747995
https://doi.org/10.1007/s12603-017-0875-6
https://doi.org/10.1038/s41430-017-0005-x
https://www.ncbi.nlm.nih.gov/pubmed/29235561
https://doi.org/10.1186/s12937-017-0273-2
https://doi.org/10.1016/S0033-3506(01)00432-2
https://www.ncbi.nlm.nih.gov/pubmed/11406779
https://doi.org/10.3945/an.112.003517
https://www.ncbi.nlm.nih.gov/pubmed/23674808
https://doi.org/10.1093/jn/134.12.3479S
https://doi.org/10.1161/CIRCULATIONAHA.120.048996


Nutrients 2023, 15, 2147 13 of 14

34. van Breda, S.G.; de Kok, T.M. Smart combinations of bioactive compounds in fruits and vegetables may guide new strategies for
personalized prevention of chronic diseases. Mol. Nutr. Food Res. 2018, 62, 1700597. [CrossRef]

35. Zeng, Y. Toward deeper research and better policy for healthy aging–using the unique data of Chinese longitudinal healthy
longevity survey. China Econ. J. 2012, 5, 131–149. [CrossRef]

36. Zeng, Y.; Feng, Q.; Gu, D.; Vaupel, J.W. Demographics, phenotypic health characteristics and genetic analysis of centenarians in
China. Mech. Ageing Dev. 2017, 165, 86–97. [CrossRef] [PubMed]

37. An, R.; Liu, G.G. Cognitive impairment and mortality among the oldest-old Chinese. Int. J. Geriatr. Psychiatry 2016, 31, 1345–1353.
[CrossRef] [PubMed]

38. Zhang, Z. Gender differentials in cognitive impairment and decline of the oldest old in China. J. Gerontol. Ser. B Psychol. Sci. Soc.
Sci. 2006, 61, S107–S115. [CrossRef] [PubMed]

39. Richardson, C.; Stephan, B.C.; Robinson, L.; Brayne, C.; Matthews, F.E.; Function, C.; Collaboration, A.S. Two-decade change in
prevalence of cognitive impairment in the UK. Eur. J. Epidemiol. 2019, 34, 1085–1092. [CrossRef]

40. Yeoman, A.; Dew, M.; Das, L.; Rajapaksa, S. Role of cognitive function in assessing informed consent for endoscopy. Postgrad.
Med. J. 2006, 82, 65–69. [CrossRef]

41. Shakersain, B.; Rizzuto, D.; Wang, H.-X.; Faxén-Irving, G.; Prinelli, F.; Fratiglioni, L.; Xu, W. An active lifestyle reinforces the effect
of a healthy diet on cognitive function: A population-based longitudinal study. Nutrients 2018, 10, 1297. [CrossRef]

42. Fornés, N.S.; Stringhini, M.L.F.; Elias, B.M. Reproducibility and validity of a food-frequency questionnaire for use among
low-income Brazilian workers. Public Health Nutr. 2003, 6, 821–827. [CrossRef]

43. Sargeant, L.; Khaw, K.; Bingham, S.; Day, N.; Luben, R.; Oakes, S.; Welch, A.; Wareham, N. Fruit and vegetable intake and
population glycosylated haemoglobin levels: The EPIC-Norfolk Study. Eur. J. Clin. Nutr. 2001, 55, 342–348. [CrossRef]

44. Pessoa, M.C.; Mendes, L.L.; Gomes, C.S.; Martins, P.A.; Velasquez-Melendez, G. Food environment and fruit and vegetable intake
in a urban population: A multilevel analysis. BMC Public Health 2015, 15, 1012. [CrossRef]

45. Reicks, M.; Gold, A.; Tran, N.; LeBlanc, K. Impacts of a taste of african heritage: A culinary heritage cooking course. J. Nutr. Educ.
Behav. 2022, 54, 388–396. [CrossRef]

46. Fangfang, H.; Qiong, W.; Shuai, Z.; Xiao, H.; Jingya, Z.; Guodong, S.; Yan, Z. Vegetable and Fruit Intake, Its Patterns, and
Cognitive Function: Cross-Sectional Findings among Older Adults in Anhui, China. J. Nutr. Health Aging 2022, 26, 529–536.
[CrossRef]

47. Domel, S.B.; Baranowski, T.; Leonard, S.B.; Litaker, M.S.; Baranowski, J.; Mullis, R.; Byers, T.; Strong, W.B.; Treiber, F.; Levy, M.
Defining the year 2000 fruit and vegetable goal. J. Am. Coll. Nutr. 1993, 12, 669–675. [CrossRef]

48. Eisinga, R.; Grotenhuis, M.t.; Pelzer, B. The reliability of a two-item scale: Pearson, Cronbach, or Spearman-Brown? Int. J. Public
Health 2013, 58, 637–642. [CrossRef] [PubMed]

49. Hao, Z.; Ruggiano, N.; Li, Q.; Guo, Y.; Pan, X. Disparities in depression among Chinese older adults with neurodegenerative
diseases. Aging Ment. Health 2022, 26, 632–638. [CrossRef]

50. Pei, Z.; Zhang, J.; Qin, W.; Hu, F.; Zhao, Y.; Zhang, X.; Cong, X.; Liu, C.; Xu, L. Association between Dietary Patterns and
Depression in Chinese Older Adults: A Longitudinal Study Based on CLHLS. Nutrients 2022, 14, 5230. [CrossRef]

51. Li, D.; Wu, T.C.Z. An exploration of the subjective well-being of the Chinese oldest-old. In Healthy Longevity in China. The Springer
Series on Demographic Methods and Population Analysis; Springer: Dordrecht, The Netherlands, 2008; pp. 347–356.

52. Gong, E.; Hua, Y.; Yan, L.L. Psychological wellbeing and all-cause mortality in the oldest old in China: A longitudinal survey-based
study. Lancet 2016, 388, S22. [CrossRef]

53. Cheng, G.; Yan, Y. Sociodemographic, health-related, and social predictors of subjective well-being among Chinese oldest-old: A
national community-based cohort study. BMC Geriatr. 2021, 21, 124. [CrossRef]

54. Benjamini, Y.; Hochberg, Y. Controlling the false discovery rate: A practical and powerful approach to multiple testing. J. R. Stat.
Soc. Ser. B 1995, 57, 289–300. [CrossRef]

55. Yang, L.; Jin, X.; Yan, J.; Jin, Y.; Yu, W.; Wu, H.; Xu, S. Prevalence of dementia, cognitive status and associated risk factors among
elderly of Zhejiang province, China in 2014. Age Ageing 2016, 45, 708–712. [CrossRef]

56. Department of Planning, Development and Information Technology. Statistical Bulletin on the Development of Health Care in China
in 2021; Department of Planning, Development and Information Technology: Beijing, China, 2022.

57. Johnson, E.J. A possible role for lutein and zeaxanthin in cognitive function in the elderly. Am. J. Clin. Nutr. 2012, 96, 1161S–1165S.
[CrossRef] [PubMed]

58. Shukitt-Hale, B.; Bielinski, D.F.; Lau, F.C.; Willis, L.M.; Carey, A.N.; Joseph, J.A. The beneficial effects of berries on cognition,
motor behaviour and neuronal function in ageing. Br. J. Nutr. 2015, 114, 1542–1549. [CrossRef]

59. Lamport, D.J.; Dye, L.; Wightman, J.D.; Lawton, C.L. The effects of flavonoid and other polyphenol consumption on cognitive
performance: A systematic research review of human experimental and epidemiological studies. Nutr. Aging 2012, 1, 5–25.
[CrossRef]

60. John, J.; Ziebland, S.; Yudkin, P.; Roe, L.; Neil, H. Effects of fruit and vegetable consumption on plasma antioxidant concentrations
and blood pressure: A randomised controlled trial. Lancet 2002, 359, 1969–1974. [CrossRef]

61. He, F.J.; Nowson, C.A.; Lucas, M.; MacGregor, G.A. Increased consumption of fruit and vegetables is related to a reduced risk of
coronary heart disease: Meta-analysis of cohort studies. J. Hum. Hypertens. 2007, 21, 717–728. [CrossRef]

https://doi.org/10.1002/mnfr.201700597
https://doi.org/10.1080/17538963.2013.764677
https://doi.org/10.1016/j.mad.2016.12.010
https://www.ncbi.nlm.nih.gov/pubmed/28040447
https://doi.org/10.1002/gps.4442
https://www.ncbi.nlm.nih.gov/pubmed/26891153
https://doi.org/10.1093/geronb/61.2.S107
https://www.ncbi.nlm.nih.gov/pubmed/16497961
https://doi.org/10.1007/s10654-019-00554-x
https://doi.org/10.1136/pgmj.2005.034710
https://doi.org/10.3390/nu10091297
https://doi.org/10.1079/PHN2003505
https://doi.org/10.1038/sj.ejcn.1601162
https://doi.org/10.1186/s12889-015-2277-1
https://doi.org/10.1016/j.jneb.2021.11.008
https://doi.org/10.1007/s12603-022-1791-y
https://doi.org/10.1080/07315724.1993.10718358
https://doi.org/10.1007/s00038-012-0416-3
https://www.ncbi.nlm.nih.gov/pubmed/23089674
https://doi.org/10.1080/13607863.2021.1871879
https://doi.org/10.3390/nu14245230
https://doi.org/10.1016/S0140-6736(16)31949-3
https://doi.org/10.1186/s12877-021-02071-7
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1093/ageing/afw088
https://doi.org/10.3945/ajcn.112.034611
https://www.ncbi.nlm.nih.gov/pubmed/23053547
https://doi.org/10.1017/S0007114515003451
https://doi.org/10.3233/NUA-2012-0002
https://doi.org/10.1016/S0140-6736(02)98858-6
https://doi.org/10.1038/sj.jhh.1002212


Nutrients 2023, 15, 2147 14 of 14

62. Breteler, M.M.; Claus, J.J.; Grobbee, D.E.; Hofman, A. Cardiovascular disease and distribution of cognitive function in elderly
people: The Rotterdam Study. BMJ 1994, 308, 1604–1608. [CrossRef]

63. Kilander, L.; Nyman, H.; Boberg, M.; Hansson, L.; Lithell, H. Hypertension is related to cognitive impairment: A 20-year follow-up
of 999 men. Hypertension 1998, 31, 780–786. [CrossRef] [PubMed]

64. Mattson, M.P.; Shea, T.B. Folate and homocysteine metabolism in neural plasticity and neurodegenerative disorders. Trends
Neurosci. 2003, 26, 137–146. [CrossRef]

65. Smith, A.D.; Refsum, H.; Bottiglieri, T.; Fenech, M.; Hooshmand, B.; McCaddon, A.; Miller, J.W.; Rosenberg, I.H.; Obeid, R.
Homocysteine and dementia: An international consensus statement. J. Alzheimer’s Dis. 2018, 62, 561–570. [CrossRef] [PubMed]

66. Zhou, H.; Zhong, X.; Wu, Z.; Zhang, M.; Mai, N.; Peng, Q.; Chen, X.; Ouyang, C.; Liang, W.; Dai, C. Interactive effects of elevated
homocysteine and late-life depression on cognitive impairment. J. Affect. Disord. 2020, 277, 212–217. [CrossRef] [PubMed]

67. Sun, W.; Li, S.; Chen, C.; Lu, Z.; Zhang, D. Dietary fiber intake is positively related with cognitive function in US older adults. J.
Funct. Foods 2022, 90, 104986. [CrossRef]

68. Lefevre-Arbogast, S.; Thomas, A.; Samieri, C. Dietary factors and brain health. Curr. Opin. Lipidol. 2022, 33, 25–30. [CrossRef]
69. Neuffer, J.; Gourru, M.; Thomas, A.; Lefèvre-Arbogast, S.; Foubert-Samier, A.; Helmer, C.; Delcourt, C.; Féart, C.; Samieri, C. A

biological index to screen multi-micronutrient deficiencies associated with the risk to develop dementia in older persons from the
community. J. Alzheimer’s Dis. 2022, 85, 331–342. [CrossRef] [PubMed]

70. Soininen, H.; Solomon, A.; Visser, P.J.; Hendrix, S.B.; Blennow, K.; Kivipelto, M.; Hartmann, T.; Group, L.C.S. 36-month LipiDiDiet
multinutrient clinical trial in prodromal Alzheimer’s disease. Alzheimer’s Dement. 2021, 17, 29–40. [CrossRef]

71. Cook Maher, A.; Kielb, S.; Loyer, E.; Connelley, M.; Rademaker, A.; Mesulam, M.-M.; Weintraub, S.; McAdams, D.; Logan,
R.; Rogalski, E. Psychological well-being in elderly adults with extraordinary episodic memory. PloS ONE 2017, 12, e0186413.
[CrossRef]

72. Cooper, C.; Selwood, A.; Livingston, G. The prevalence of elder abuse and neglect: A systematic review. Age Ageing 2008, 37,
151–160. [CrossRef]

73. Wilson, R.S.; Boyle, P.A.; Capuano, A.W.; Shah, R.C.; Hoganson, G.M.; Nag, S.; Bennett, D.A. Late-life depression is not associated
with dementia-related pathology. Neuropsychology 2016, 30, 135. [CrossRef]

74. Byers, A.L.; Yaffe, K. Depression and risk of developing dementia. Nat. Rev. Neurol. 2011, 7, 323–331. [CrossRef] [PubMed]
75. Kim, D.; Wang, R.; Kiss, A.; Bronskill, S.E.; Lanctot, K.L.; Herrmann, N.; Gallagher, D. Depression and increased risk of

Alzheimer’s dementia: Longitudinal analyses of modifiable risk and sex-related factors. Am. J. Geriatr. Psychiatry 2021, 29,
917–926. [CrossRef]

76. Heser, K.; Tebarth, F.; Wiese, B.; Eisele, M.; Bickel, H.; Köhler, M.; Mösch, E.; Weyerer, S.; Werle, J.; König, H.-H. Age of major
depression onset, depressive symptoms, and risk for subsequent dementia: Results of the German Study on Ageing, Cognition,
and Dementia in Primary Care Patients (AgeCoDe). Psychol. Med. 2013, 43, 1597–1610. [CrossRef]

77. Royall, D.R.; Palmer, R.F. Alzheimer’s disease pathology does not mediate the association between depressive symptoms and
subsequent cognitive decline. Alzheimer’s Dement. 2013, 9, 318–325. [CrossRef]

78. Xia, X.; Jiang, Q.; McDermott, J.; Han, J.D.J. Aging and Alzheimer’s disease: Comparison and associations from molecular to
system level. Aging Cell 2018, 17, e12802. [CrossRef] [PubMed]

79. Snyder, H.M.; Asthana, S.; Bain, L.; Brinton, R.; Craft, S.; Dubal, D.B.; Espeland, M.A.; Gatz, M.; Mielke, M.M.; Raber, J. Sex
biology contributions to vulnerability to Alzheimer’s disease: A think tank convened by the Women’s Alzheimer’s Research
Initiative. Alzheimer’s Dement. 2016, 12, 1186–1196. [CrossRef]

80. Langa, K.M.; Larson, E.B.; Crimmins, E.M.; Faul, J.D.; Levine, D.A.; Kabeto, M.U.; Weir, D.R. A comparison of the prevalence of
dementia in the United States in 2000 and 2012. JAMA Intern. Med. 2017, 177, 51–58. [CrossRef] [PubMed]

81. Knol, M.J.; Le Cessie, S.; Algra, A.; Vandenbroucke, J.P.; Groenwold, R.H. Overestimation of risk ratios by odds ratios in trials and
cohort studies: Alternatives to logistic regression. Cmaj 2012, 184, 895–899. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1136/bmj.308.6944.1604
https://doi.org/10.1161/01.HYP.31.3.780
https://www.ncbi.nlm.nih.gov/pubmed/9495261
https://doi.org/10.1016/S0166-2236(03)00032-8
https://doi.org/10.3233/JAD-171042
https://www.ncbi.nlm.nih.gov/pubmed/29480200
https://doi.org/10.1016/j.jad.2020.08.022
https://www.ncbi.nlm.nih.gov/pubmed/32829197
https://doi.org/10.1016/j.jff.2022.104986
https://doi.org/10.1097/MOL.0000000000000803
https://doi.org/10.3233/JAD-215011
https://www.ncbi.nlm.nih.gov/pubmed/34806604
https://doi.org/10.1002/alz.12172
https://doi.org/10.1371/journal.pone.0186413
https://doi.org/10.1093/ageing/afm194
https://doi.org/10.1037/neu0000223
https://doi.org/10.1038/nrneurol.2011.60
https://www.ncbi.nlm.nih.gov/pubmed/21537355
https://doi.org/10.1016/j.jagp.2020.12.031
https://doi.org/10.1017/S0033291712002449
https://doi.org/10.1016/j.jalz.2011.11.009
https://doi.org/10.1111/acel.12802
https://www.ncbi.nlm.nih.gov/pubmed/29963744
https://doi.org/10.1016/j.jalz.2016.08.004
https://doi.org/10.1001/jamainternmed.2016.6807
https://www.ncbi.nlm.nih.gov/pubmed/27893041
https://doi.org/10.1503/cmaj.101715
https://www.ncbi.nlm.nih.gov/pubmed/22158397

	Introduction 
	Materials and Methods 
	Study Design and Sample 
	Measures 
	Assessment of Cognitive Function 
	Assessment of Vegetable and Fruit Intake Frequency 
	Assessment of Depression 
	Assessment of Psychological Well-Being (PWB) 
	Individual-Level Covariates 

	Statistical Analysis 

	Results 
	Prevalence of MCI among Chinese Older Adults 
	Factors Associated with MCI among Chinese Older Adults 
	The Relationship between the Frequency of Fruit and Vegetable Consumption and MCI among Chinese Older Adults 

	Discussion 
	Conclusions 
	References

