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Background: The association between body mass index (BMI) and the risk of
cognitive impairment remains uncertain. Relatively few studies have analyzed
the dose-response relationship between BMI and cognitive impairment. This
article utilized nationally representative longitudinal data to assess the association
between BMI and cognitive impairment in Chinese older adults.

Objective: The present study aimed to analyze the association between BMI
and cognitive impairment in Chinese older people, including an investigation of
gender differences and the dose—response relationship.

Methods: Data were obtained from the China Health and Retirement Longitudinal
Study database in 2015 and 2018. The present study used logistic regression to
analyze the relationship between baseline BMI| and cognitive impairment, and
adopted a restricted cubic spline model to plot dose—response curves for baseline
BMI and prevalence of risk of cognitive impairment.

Results: The mean BMI of the survey population was 23.48 + 3.66 kg/m?, and the
detection rate of cognitive impairment was 34.2%. Compared to the normal weight
group (18.5 <BMI<23.9 kg/m?), the odds ratio (OR) for cognitive impairment was
1473 (95% Cl: 1.189-1.823) in the underweight group (BMI < 18.5kg/m?), whereas
the corresponding OR was 0.874 (95% Cl: 0.776-0.985) for the overweight
or obese group (BMI>24.0kg/m?) after adjusting for confounders. Gender
subgroup analysis showed that overweight or obese older women were less likely
to develop cognitive impairment (OR = 0.843; 95% Cl: 0.720-0.987). The results
of the restricted cubic spline analysis revealed a curvilinear L-shaped relationship
between BMI and the risk of cognitive impairment (P non-linearity <0.05). In
particular, the risk of cognitive impairment was higher at a lower baseline BMI. In
contrast, BMI in the range of 23.2-27.8 kg/m? was associated with a decreased
risk of cognitive impairment.

Conclusion: BMI is a dose-dependent related factor for cognitive impairment
in Chinese older adults. Being underweight is a risk factor for the development
of cognitive impairment, while being overweight or obese is less likely to have
cognitive impairment, particularly in female older people. Keeping BMI ranging
from 23.2-27.8 kg/m? in older adults can help maintain cognitive function.
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1. Introduction

Population aging is a significant global public health issue, but it
is particularly prominent in China. According to the Seventh National
Census of China, the country has 264 million people over the age of
60, which represents 18.7% of the population (1). This percentage
exceeds the global average value. As the progress of global aging
intensifies, research focused on cognitive impairment is being
increasingly conducted. This is because cognitive impairment is
closely linked to the onset of dementia, which is a common chronic
disease among older adults. In a cross-sectional study published in
Lancet, the prevalence of mild cognitive impairment among Chinese
adults aged 60years and above was 15.5%, accounting for
approximately 38 million cases (2). Given the high prevalence in older
adults, cognitive impairment leads to substantial nursing costs,
thereby negatively impacting the living quality of older people and
generating a huge burden on caregivers and society as a whole (3-5).
Despite this preoccupation, there are currently no effective treatments
for dementia. Therefore, identifying potential dangerous factors for
cognitive impairment, in particular modifiable dangerous factors, is
crucial for preventing or delaying the progression of dementia in
older adults.

Underweight, overweight, and obesity are correlated with risk
of disability risk and all-cause mortality (6), which are usually
categorized by body mass index (BMI). However, the relationship
between these BMI categories and the risk of cognitive impairment
remains uncertain (7, 8). Previous studies have shown that being
underweight was a strong risk factor for the onset of cognitive
impairment (9, 10). Recent studies involving older populations have
shown that being overweight or obese may have a positive effect on
cognition (11, 12). Nevertheless, recent research on older
individuals in Colombia has revealed that being overweight or
obese is not associated with cognitive decline progression (13). In
addition, several researches have reported gender differences in the
relationship between BMI and cognitive impairment. Chen et al.
showed an increased incidence of mild cognitive impairment in
older women with low BMI and older men with high BMI (14).
While a large Korean cohort study found that older women who
were overweight or obese had a significantly lower risk of cognitive
impairment, there was no such association in men (15). Up until
now, gender differences in different types of BMI and the
development of cognitive impairment are still inadequate. Although
several researches have indicated an association between BMI and
cognitive impairment. However, considering that the dependent
and independent variables may not satisfy a linear relationship,
most of them were mainly limited to classifying BMI as a categorical
variable (underweight, normal, overweight or obese) to be included
in the analysis model. Therefore, it was not possible to observe how
the risk of cognitive impairment changed with subtle changes in
BM]I, and it was not possible to show a dose-response relationship
between them.

In China, most studies on the relationship between BMI and
cognitive function have used a cross-sectional design and conducted
within a specific region, with controversial findings (14, 16). Therefore,
our present study aimed to evaluate the association between different
baseline BMI categories and cognitive impairment in the aging
Chinese population, including an investigation of gender differences
and the dose-response relationship between them based on data from
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the China Health and Retirement Longitudinal Study (CHARLS)
database.

2. Methods
2.1. Data and study sample

The CHARLS is an ongoing national longitudinal survey that
includes a large nationally representative sample of Chinese adults
aged 45years and older, along with their spouses. The national
baseline survey was initiated in 2011 and included 17,708
respondents, with follow-up surveys every 2 years thereafter (17). The
survey contained questions regarding basic personal information,
family structure, and health status (18). In the present study, we used
data from two waves of the CHARLS conducted in 2015 and 2018.
The 2015 sample was used as the baseline sample and included 21,095
respondents. We excluded respondents who did not complete
follow-up, those with missing height and weight measurements at
baseline, and those with missing values on cognitive tests at
follow-up; the final sample size was 6,311 respondents. Figure 1
shows the flowchart of participant selection.

2.2. Measures

2.2.1. BMI

BMI was calculated from weight and height values (weight in kg
divided by height squared in cm) measured at baseline. To determine
the BMI category at baseline, the BMI value was classified into the
following three groups according to the recommended Chinese
guidelines (19): underweight (BMI<18.5kg/m?), normal weight
(18.5<BMI<23.9kg/m?), and overweight or obese (BMI >24.0kg/
m?). BMI values outside the biologically plausible range of 15 to 50kg/
m? were excluded from the analysis (20).

2.2.2. Cognitive assessment

In the present study, cognitive function was measured using the
Mini-Mental State Examination (MMSE), a scale developed by
Folstein et al. (21). This scale assesses several cognitive domains
such as attention and calculation, verbal ability, memory,
orientation, and delayed memory. The scores of the cognitive
assessment scale range from 0 to 30, with higher scores indicating
superior cognition. It should be noted that the educational level of
the evaluated individuals considerably impacts the outcomes of the
MMSE (22). In the present study, individuals were considered to
have cognitive impairment if their score was <17 for illiteracy, < 20
for those with primary school education, and < 24 for those with a
junior high school degree or higher (23, 24). Cronbach’s « of the
MMSE was 0.895 in this study.

2.2.3. Covariates

In the present study, confounding factors such as demographic
characteristics, socioeconomic status, health status, and social
participation were considered as covariates. Demographic
characteristics included age (60-64, 65-69, 70-74, or > 75 years),
gender (male or female), marital status (married, unmarried,
divorced, or widowed), and place of residence (urban or rural).
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FIGURE 1
Flowchart of study participant selection.

Missing weight measures (n=13)
BMI not within normal range (n=52)
Missing cognitive assessments (n=734)

Socioeconomic status included educational level (illiterate, primary,
or junior high school and above), average household income (low or
high), and occupation (unemployed, managers and professionals, or
agriculture and manual workers). The average household per capita
income of this sample (11445.76 Yuan) was used as the cut-off point
to classify low or high income. Health status included smoking
(current, ever, or never), alcohol consumption (more than once a
month, less than once a month, or never), vision status, hearing
status, nighttime sleep duration, activities of daily living ability,
depressive symptoms, and chronic disease comorbidity status. The
activities of daily living score comprises two components: the
Physical Self-Maintenance Scale (PSMS) and the Instrumental
Activities of Daily Living (IADL) (25). The PSMS examines six
distinct activities, including eating, dressing, bathing, getting in and
out of bed, toileting, and controlling bowel movements, while the
IADL covers six different activities, including cooking, doing
housework, shopping, taking medication, managing finances, and
making phone calls. If all 12 activities were performed without
difficulty by the older participants, their ability to perform daily
living activities was considered not impaired; otherwise, it was
considered impaired. The 10-item Center for Epidemiologic Studies
Depression Scale (CESD-10) short form was used to assess
depressive symptoms of the participants. Each item was scored on a
4-point scale, and the total score ranged from 0 to 30, with a
score > 10 indicating the presence of depressive symptoms (26).
Nighttime sleep duration was assessed by self-report at baseline. The
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presence of comorbidities and chronic conditions was measured
through self-reported chronic conditions, including hypertension,
stroke, asthma, heart disease, diabetes, lung disease, kidney disease,
and so on. Lastly, social participation status was evaluated based on
the number of social activities attended by the participants in the
past month.

2.3. Statistical analysis

Statistical analysis was conducted using SPSS 26.0 and Stata 16.0
software, while R software version 4.2.2 was used for generating
graphs. Categorical variables were expressed as frequency (N) and
percentage (%). The y* test was used for comparisons between
groups. This study adopted a binary logistic regression model to
determine the association between BMI [underweight
(BMI<18.5kg/m?) and overweight or obese (BMI > 24.0kg/m?)] and
cognitive impairment by using normal weight (18.5 <BMI <23.9kg/
m?) as a reference. Three models were used for logistic regression
analysis: model 1, which was not adjusted for confounders; model 2,
which was adjusted for age and gender; and model 3 was further
adjusted for marital status, area of residence, education, average
household
consumption, hearing status, ability to perform ADL, nighttime

income, occupation, smoking status, alcohol

sleep duration, depressive symptoms, and social participation status.
Odds ratios (ORs) and 95% confidence intervals (CI) were
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calculated. A dose-response relationship curve between BMI, which
was considered a continuous variable, and the risk of developing
cognitive impairment was fitted using restricted cubic splines. The
analysis code can be found in the Supplementary material. A
two-tailed p-value of <0.05 was considered statistically significant.

3. Results

3.1. Baseline characteristics of the study
participants

This study included 6,311 older adults (3,072 males and 3,239
females) aged between 60 to 93 years, with a median age of 66 years.
Of the total participants, 4,802 (76.1%) were from rural areas, 3,570
(56.6%) were illiterate, and 1,163 (18.4%) were married. The mean
BMI of the study participants was 23.48 (SD = 3.66) kg/m’. Among the
study population, 440 (7.0%) individuals were underweight, 3,266
(51.8%) individuals had normal weight, and 2,605 (41.2%) individuals
were overweight or obese. The baseline characteristics of the
participants are presented in Table 1.

3.2. Cognitive function of the study
participants

Table 2 shows the characteristics of older participants. Of the
6,311 participants, 34.2% exhibited cognitive impairment. The
difference in median scores on the MMSE scale between the
cognitive impairment group and the normal cognitive group was
statistically significant (16 vs. 24, p<0.001). Additionally, the
group afflicted with cognitive impairment exhibited a relatively
lower BMI compared to the group with normal cognitive
(22.72kg/m?* vs. 23.44kg/m? p<0.001). There were significant
differences in BMI categories were also observed between the
groups. Furthermore, the participants of the cognitive impairment
group were older, more likely to be female, less educated, had
worse hearing status, were less likely to participate in social
activities, and were more likely to have a limited ability to perform
ADL and depressive symptoms.

3.3. Association between BMI and cognitive
status

The association between cognitive status and each baseline BMI
category is shown in Table 3. Specifically, underweight individuals
exhibited a considerably increased likelihood of cognitive impairment
as compared to those in the normal baseline BMI group (OR=1.738;
95% CI: 1.422-2.123). As shown in Table 3, this relationship between
them still remained notable even after adjusting for age, gender,
education, residence area, marital status, average household income,
occupation, smoking status, alcohol consumption, hearing status,
participation in social activities, nighttime sleep duration, ADL
limitations, and depression (OR=1.473; 95% CI: 1.189-1.823).
Conversely, the risk of cognitive impairment in individuals with BMI
in the overweight and obese categories was similar to that observed in
individuals with a normal BMI.
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3.4. Gender-based subgroup analysis

According to the gender-based subgroup analysis, older men and
women with low weight exhibited a 52.2% (OR=1.522; 95% CI:
1.123-2.062) and 42.3% (OR=1.423; 95% CI: 1.048-1.932) higher risk
of cognitive impairment, respectively, as compared to older adults
with the normal baseline BMI. In contrast, overweight or obese older
women showed a significantly decreased risk of cognitive impairment
by 15.7% (OR =0.843; 95% CI: 0.720-0.987); however, this relationship
was not recognized in older men. The details are provided in Table 4.

3.5. Dose—response relationships

To determine the association between BMI and cognitive
impairment, a restricted cubic spline model was used to create dose-
response curves, and BMI was considered a continuous variable.
According to the Bare Pool Information Criterion, the 3-node model
showed the smallest Akaike information criterion (AIC) value
(7453.675); hence, the number of model nodes was chosen to be 3, as
shown in Figure 2. After adjusting for confounders, the relationship
between BMI and risk of cognitive impairment exhibited an L-shaped
curve (P non-linearity <0.05). The results showed that the OR was
higher at lower BMI levels, and as BMI approached 23.2kg/m?, the OR
was 1. Subsequently, there was a significant protective effect on
cognitive function when BMI increased from 23.2 to 27.8kg/m”.

4. Discussion

This nationwide prospective cohort study found a significant
relationship between BMI and cognitive impairment in Chinese older
adults. The results of the present study recommend that BMI could act
as an important screening tool for the early identification of cognitive
impairment in older adults. Even after adjusting for demographic and
other significant factors, the analysis of the study data revealed that
underweight older participants had a notable increased risk of
cognitive impairment. Gender differences were also noted in the
correlation between BMI and cognitive impairment. Older women
who were overweight or obese were at a reduced risk of developing
cognitive impairment; however, no such association was found in
older men. The dose-response curve constructed using BMI as a
continuous variable in the restricted cubic spline model revealed that
the baseline BMI had a nonlinear relationship with the risk of
cognitive impairment, with the ORs decreasing as BMI increased.

According to the results of study, the prevalence of cognitive
impairment in Chinese older individuals was approximately 34.2%,
with higher rates in women (39.7%) than in men (28.4%). The
incidence of cognitive impairment in this study was higher than that
in Shanghai (15.2%) (27), India (13.7%) (28), and Mexico (16.0%) (29).
The reason for this higher incidence could be related to the differences
in demographics, screening tools, and diagnostic criteria between the
present study and the above-mentioned studies. The findings also
indicated that the prevalence of cognitive impairment was significantly
higher in older women than in older men. Previous studies in other
countries or regions have found that male older adults have higher
cognitive function scores than female older adults and that female
older adults tend to have more severe cognitive impairment (30, 31).

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1255101
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Dong et al. 10.3389/fpubh.2023.1255101

TABLE 1 Baseline characteristics of the study participants.

Total Underweight Normal = Overweight or Obesity b

Age 110.367 <0.001
60-64 2,496 (39.5%) 111 (25.2%) 1,253 (38.4%) 1,132 (43.5%)
65-69 1,817 (28.8%) 131 (29.8%) 911 (27.9%) 775 (29.8%)
70-74 1,125 (17.8%) 86 (19.5%) 610 (18.7%) 429 (16.5%)
75~ 873 (13.8%) 112 (25.5%) 492 (15.1%) 269 (10.3%)

Gender 76.577 <0.001
Male 3,072 (48.7%) 225 (51.1%) 1,749 (53.6%) 1,098 (42.1%)
Female 3,239 (51.3%) 215 (48.9%) 1,517 (46.4%) 1,507 (57.9%)

Education 22.616 <0.001
Tliterate 3,570 (56.6%) 270 (61.4%) 1,893 (58.0%) 1,407 (54.0%)
Primary school 1,448 (22.9%) 98 (22.3%) 755 (23.1%) 595 (22.8%)
Above middle school 1,293 (20.5%) 72 (16.4%) 618 (18.9%) 603 (23.1%)

Marital status 10.703 0.005
Single, widow, divorced, and never married 5,148 (81.6%) 347 (78.9%) 2,628 (80.5%) 2,173 (83.4%)
Married 1,163 (18.4%) 93 (21.1%) 638 (19.5%) 432 (16.6%)

Type of residence 138.794 <0.001
Urban 1,509 (23.9%) 50 (11.4%) 651 (19.9%) 808 (31.0%)
Rural 4,802 (76.1%) 390 (88.6%) 2,615 (80.1%) 1,797 (69.0%)

Smoking status 170.863 <0.001
Never smoking 3,576 (56.7%) 208 (47.3%) 1,705 (52.2%) 1,663 (63.8%)
Current smoking 1,744 (27.6%) 167 (38.0%) 1,082 (33.1%) 495 (19.0%)
Former smoking 991 (15.7%) 65 (14.8%) 479 (14.7%) 447 (17.2%)

Drinking status 38.489 <0.001
Never drinking 4,210 (66.7%) 298 (67.7%) 2,070 (63.4%) 1,842 (70.7%)
Drink more than once a month 1,626 (25.8%) 116 (26.4%) 934 (28.6%) 576 (22.1%)
Drink but less than once a month 475 (7.5%) 26 (5.9%) 262 (8.0%) 187 (7.2%)

Eyesight 3.481 0.175
Good 972 (15.4%) 62 (14.1%) 483 (14.8%) 427 (16.4%)
Poor 5,339 (84.6%) 378 (85.9%) 2,783 (85.2%) 2,178 (83.6%)

Hearing 8.310 0.016
Good 1,838 (29.1%) 108 (24.5%) 930 (28.5%) 800 (30.7%)
Poor 4,473 (70.9%) 332 (75.5%) 2,336 (71.5%) 1,805 (69.3%)

Number of diseases 48.387 <0.001
0 1,714 (27.2%) 119 (27.0%) 986 (30.2%) 609 (23.4%)
1 1,712 (27.1%) 119 (27.0%) 909 (27.8%) 684 (26.3%)
>2 2,885 (45.7%) 202 (45.9%) 1,371 (42.0%) 1,312 (50.4%)

Social participation 30.507 <0.001
Yes 3,272 (51.8%) 210 (47.7%) 1,604 (49.1%) 1,458 (56.0%)
No 3,039 (48.2%) 230 (52.3%) 1,662 (50.9%) 1,147 (44.0%)

Activity of daily living 9.983 0.007
Normal 3,576 (56.7%) 218 (49.5%) 1,877 (57.5%) 1,481 (56.9%)
Impaired 2,735 (43.3%) 222 (50.5%) 1,389 (42.5%) 1,124 (43.1%)

Depression 27.305 <0.001
No 4,107 (65.1%) 246 (55.9%) 2,091 (64.0%) 1,770 (67.9%)
Yes 2,204 (34.9%) 194 (44.1%) 1,175 (36.0%) 835 (32.1%)

(Continued)
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TABLE 1 (Continued)

10.3389/fpubh.2023.1255101

Underweight Normal = Overweight or Obesity b p value
Sleep duration 7.159 0.128
<6h 2,099 (33.3%) 154 (35.0%) 1,110 (34.0%) 835 (32.1%)
6~8h 3,592 (56.9%) 234 (53.2%) 1,832 (56.1%) 1,526 (58.6%)
>8h 620 (9.8%) 52 (11.8%) 324 (9.9%) 244 (9.4%)
Average household income 10.483 0.005
Low 4,408 (69.8%) 2,313 (70.8%) 327 (74.3%) 1,768 (67.9%)
High 1,903 (30.2%) 953 (29.2%) 113 (25.7%) 837 (32.1%)
Occupation 95.134 <0.001
Unemployed 2,959 (46.9%) 1,372 (42.0%) 210 (47.7%) 1,377 (52.9%)
Managers and professionals 572 (9.1%) 283 (8.7%) 26 (5.9%) 263 (10.1%)
Agriculture and manual workers 2,780 (44.1%) 1,611 (49.3%) 204 (46.4%) 965 (37.0%)

Bold values for p<0.05.

This finding was supported by the results of our study. Possible
explanations for these differences between men and women can
be attributed to less access of women to higher education (32) and
changes in their estrogen levels during menopause (33). Estrogen plays
a role in promoting neuronal growth and survival, which contributes
the self-recovery of neurological deficits. Estrogen also exerts a
protective effect on areas related to cognitive function, such as the
cerebral cortex and hippocampus (34). Previous studies suggest that
the decline in estrogen levels during menopause could significantly
contribute to the pathogenesis of dementia, thereby elevating the risk
of cognitive impairment (35, 36). Therefore, it is imperative to closely
monitor the cognitive function of older individuals and use early
screening tests, particularly for female seniors.

This study found that older individuals with a low BMI were at a
significantly greater risk of experiencing cognitive impairment. Several
previous studies also reported similar results (37-39). BMI serves as a
significant objective indicator to estimate the nutritional status of
seniors, and it plays a crucial role in the development and progression
of neurodegenerative diseases associated with cognitive decline (40).
Low BMI levels may be associated with sarcopenia, a degenerative
condition of skeletal musculature that is characterized by gradual loss
of muscle mass, vigor, and function (41). Sarcopenia is an age-related
common senile disorder and has been broadly viewed as a dangerous
factor for cognitive impairment (42, 43). An alternative explanation is
that individuals with lower BMI may face more impediments to their
physical mobility (44), which in turn could increase the risk of
cognitive impairment (45, 46). Thus, it is extraordinarily important to
provide targeted support to older adults who experience weight loss in
their later years of life and continuously monitor their
cognitive function.

Several previous findings support the protective effect of
overweight or obesity on cognitive performance found in this study
(8, 47-49). A 9-year longitudinal cohort study indicated an adjusted
hazard ratio (AHR) of 0.86 (95% CI: 0.75-0.99) for cognitive
impairment for the overweight group as compared to that for the
normal weight group (8). A meta-analysis revealed a significant
protective effect of being overweight and obese in older adults against
cognitive impairment and dementia (7). The “obesity paradox”
phenomenon may explain the protective effect of increased body
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weight on cognitive function in older individuals (50). High serum
leptin levels may be a possible mechanism for the profitable effects of
obesity on cognitive function in old age. With an increase in BMI,
serum leptin levels also increase, and approximately 95% of obese
patients have higher serum leptin levels compared to those with
normal weight. Moreover, the serum leptin level is inversely
proportional to the severity of cognitive impairment (51), indicating
that the higher the serum leptin level, the larger the brain volume and
the milder the extent of brain atrophy. Increased levels of leptin in the
bloodstream can increase brain volume and decrease brain atrophy as
well as contribute to the formation of synapses and growth of axons
associated with neuroprotection (52). Animal experiments have
shown that intracerebral injection of low-dose leptin in AD rats
improved their cognition (53). These results suggest that leptin
therapy has the potential to serve as an enhancer of cognitive functions.

Previous studies have also shown that being overweight or obese
can increase the risk of dementia in older individuals (54-56). The
differences in findings may be attributed to the differences in research
samples, duration of follow-up, cognitive function measurement,
types of dementia, obesity standards, and adjustment of potential
confounding factors. A meta-analysis found different thresholds of
BMI for the risk of developing cognitive impairment and dementia
subtypes (Alzheimer’s disease and vascular dementia) (7). Future
studies should specifically examine the association of BMI with the
risk of cognitive impairment and dementia subtypes. Some potential
mechanisms that could explain the impairment of cognitive function
by obesity in old age include vitamin D deficiency (57, 58),
inflammatory response (59), insulin resistance (60, 61), and oxidative
stress (62). Further studies are required to investigate the correlation
between obesity and cognition in older adults and its underlying
mechanisms, and to provide strong evidence for proactive and
effective preventive and therapeutic measures.

Interestingly, in the gender subgroup analysis, only older
women who were obese or overweight showed a significantly
lower risk of developing cognitive impairment; however, no such
association was found in men. It was similar to the findings of a
3-year prospective study in Korea (15). According to previous
studies, obesity accelerates cognitive decline in men more than in
women (63, 64). An American study revealed that higher BMI

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1255101
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Dong et al. 10.3389/fpubh.2023.1255101

TABLE 2 Characteristics of participants with normal cognition and those with cognitive impairment (n = 6,311).

Characteristics Classes Normal Cognitive
cognition, n (%) impairment, n (%)
No. of participants 4,153 (65.8%) 2,158 (34.2%) - -
Age 148.406 <0.001
60-64 1,725 (41.5%) 771 (35.7%)
65-69 1,302 (31.4%) 515 (23.9%)
70-74 691 (16.6%) 434 (20.1%)
75~ 435 (10.5%) 438 (20.3%)
Gender 88.754 <0.001
Male 2,199 (52.9%) 873 (40.5%)
Female 1,954 (47.1%) 1,285 (59.5%)
Education 122.254 <0.001
Illiterate 2,176 (52.4%) 1,394 (64.6%)
Primary school 1,119 (26.9%) 329 (15.2%)
Above middle school 858 (20.7%) 435 (20.2%)
Marital status 79.559 <0.001
Single, widow, divorced, and never 3,518 (84.7%) 1,630 (75.5%)
married
Married 635 (15.3%) 528 (24.5%)
Type of residence 122.622 <0.001
Urban 1,171 (28.2%) 338 (15.7%)
Rural 2,982 (71.8%) 1,820 (84.3%)
Body mass index 59.112 <0.001
<18.5 226 (5.4%) 214 (9.9%)
18.5~23.9 2,114 (50.9%) 1,152 (53.4%)
>24.0 1,813 (43.7%) 792 (36.7%)
Smoking status 36.790 <0.001
Never smoking 2,260 (54.4%) 1,316 (61.0%)
Current smoking 1,166 (28.1%) 578 (26.8%)
Former smoking 727 (17.5%) 264 (12.2%)
Drinking status 8.859 0.012
Never drinking 2,725 (65.6%) 1,485 (68.8%)
Drink more than once a month 1,119 (26.9%) 507 (23.5%)
Drink but less than once a month 309 (7.4%) 166 (7.7%)
Eyesight 0.116 0.733
Good 635 (15.3%) 337 (15.6%)
Poor 3,518 (84.7%) 1,821 (84.4%)
Hearing 8.697 0.003
Good 1,260 (30.3%) 578 (26.8%)
Poor 2,893 (69.7%) 1,580 (73.2%)
Number of diseases 3.756 0.153
0 1,156 (27.8%) 558 (25.9%)
1 1,101 (26.5%) 611 (28.3%)
>2 1,896 (45.7%) 989 (45.8%)
Social participation 35.278 <0.001
Yes 2,265 (54.4%) 1,007 (46.7%)
No 1,888 (45.5%) 1,151 (53.3%)
Activity of daily living 176.069 <0.001

(Continued)
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TABLE 2 (Continued)

10.3389/fpubh.2023.1255101

Characteristics Classes Normal Cognitive
cognition, n (%) impairment, n (%)
Normal 2,601 (62.6%) 975 (45.2%)
Impaired 1,552 (37.4%) 1,183 (54.8%)
Depression 82.685 <0.001
No 2,866 (69.0%) 1,241 (57.5%)
Yes 1,287 (31.0%) 917 (42.5%)
Sleep duration 48.696 <0.001
<6h 1,307 (31.5%) 792 (36.7%)
6~8h 2,488 (59.9%) 1,104 (51.2%)
>8h 358 (8.6%) 262 (12.1%)
Average household 100.898 <0.001
income
Low 2,727 (65.7%) 1,681 (77.9%)
High 1,426 (34.3%) 477 (22.1%)
Occupation 27.468 <0.001
Unemployed 1900 (45.8%) 1,059 (49.1%)
Managers and professionals 432 (10.4%) 140 (6.5%)
Agriculture and manual workers 1821 (43.8%) 959 (44.4%)
Bold values for p<0.05.
TABLE 3 Results of logistic regression analyses of the association between BMI and cognition impairment.
Group Model 1 Model 2 Model 3

Underweight (BMI<18.5kg/m?) 1.738 (1.422-2.123)

1.616 (1.315-1.984) 1.473 (1.189-1.823)

Normal (18.5 <BMI <24.0kg/m?) 1.000 (reference)

1.000 (reference) 1.000 (reference)

Overweight or obesity (BMI >24.0kg/m?) 0.802 (0.718-0.895)

0.783 (0.699-0.877) 0.874 (0.776-0.985)

Model 1 was not adjusted for confounders. Model 2 was adjusted for age and gender. Model 3 was adjusted for age, gender, marital status, area of residence, education, average household
income, occupation, smoking status, alcohol consumption, hearing status, ability to perform ADL, nighttime sleep duration, depressive symptoms, and social participation status. Bold values

for p<0.05.

TABLE 4 Subgroup analysis of the relationship between BMI and cognitive impairment according to gender.

Group Model 1

Male

Model 2 Model 3

Underweight (BMI<18.5kg/m?) 1.698 (1.277-2.256)

1.601 (1.199-2.138) 1.522 (1.123-2.062)

Normal (18.5 <BMI <24.0kg/m?) 1.000 (reference)

1.000 (reference) 1.000 (reference)

Overweight or obesity (BMI >24.0kg/m?) 0.774 (0.652-0.919)

0.807 (0.679-0.961) 0.915 (0.759-1.104)

Female

Underweight (BMI<18.5kg/m?) 1.769 (1.326-2.359)

1.652 (1.231-2.216) 1.423 (1.048-1.932)

Normal (18.5 <BMI <24.0kg/m?) 1.000 (reference)

1.000 (reference) 1.000 (reference)

0.735 (0.634-0.851)

Overweight or obesity (BMI>24.0kg/m?)

0.766 (0.659-0.889) 0.843 (0.720-0.987)

Model 1 was not adjusted for confounders. Model 2 was adjusted for age and gender. Model 3 was adjusted for age, gender, marital status, area of residence, education, average household
income, occupation, smoking status, alcohol consumption, hearing status, ability to perform ADL, nighttime sleep duration, depressive symptoms, and social participation status. Bold values

for p<0.05.

protected against cognitive decline over 3 years in women, but not
in men (64). Another cross-sectional study of older individuals in
rural areas of China found a gender-dependent association
between BMI and cognitive impairment. Older men with a higher
BMI and women with a lower BMI were more prone to cognitive
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impairment (14). However, other studies on the association
between obesity and cognitive decline have not found a gender
(56). additional further
prospective cohort studies with high quality are required to clarify

difference Hence, multicenter

this issue.
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FIGURE 2

Restricted cubic splines for the association of baseline BMI with

cognitive impairment.

Our study has a significant advantage as we use an extensive,
nationally representative, meticulously designed, prospective
cohort of Chinese adults. Moreover, to the best of our knowledge,
this present study is the first to use data from this database to assess
the relationship between BMI and cognitive impairment in the
Chinese older adults aged 60years and above. We thoroughly
analyzed BMI as a continuous variable, making full use of the
available data. This present study enriched the study of the
relationship between sex differences and dose-response between
BMI and cognitive impairment. However, this study also has some
limitations. First, despite we adjusted for several traditional
sociodemographic characteristics as well as health- and lifestyle-
related factors, we were unable to adjust for other unmeasured
confounders such as medical treatment, diet, and APOE4 genotype
that may mystify the association between BMI and cognitive
impairment. Second, some confounding factors were based on self-
reported data, such as sleep duration, household income, and social
participation status, which may lead to recall bias. Third, the
relationship between BMI and various forms of cognitive
impairment like vascular cognitive impairment, frontotemporal
dementia, mild cognitive impairment, and Alzheimer’s disease was
not investigated because of insufficient data in this study. Additional
multicenter prospective cohort studies are needed to detect the
relationship between them. Fourth, the high proportion of
overweight or obese and illiterate individuals in our study may limit
the generalizability of our findings to the remaining older
population, and further validation is required to clarify this aspect.
Fifth, BMI alone may not be enough to symbolize fat accumulation.
According to some studies, central obesity [waist circumference
(WC) and waist-to-height ratio] is a helpful indicator of obesity in
the aging population (10, 65). However, WC was not used to
evaluate obesity in the present study; therefore, this indicator
should be included in future research. Finally, considering that
older adults with cognitive impairment may have difficulty eating
or eating disorders, which can also result in a low BMI. Future
studies could explore their bidirectional relationship.
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5. Conclusion

In this large prospective national cohort study of older adults
aged 60 years and above, our study found that low BMI in old age
was associated with an increased risk of cognitive impairment. In
contrast, being overweight or obese had a significant protective
effect on cognitive function in Chinese older adults, and this
association was more prominent in women. Our study suggests that
maintaining a BMI in the range of 23.2-27.8 kg/m* may help to
sustain cognitive function. The results of this study have significant
implications for the prevention of cognitive impairment. However,
further prospective high-quality multicenter cohort studies are
required to validate the L-shaped curve of BMI and cognitive
impairment and to explain the underlying pathophysiological
mechanisms. In conclusion, the findings of this study may help
prevent cognitive impairment in older adults and promote
healthy aging.
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