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Abstract 

Background: Obesity and cognitive impairment prevalence increases as age increases. Recent growing evidence 
finds links between obesity and cognitive impairment in older adults. However, the association between the two is 
controversial. This study aims to identify obesity marker trajectory patterns, and to assess whether these patterns are 
associated with cognitive impairment and cognitive decline during a 10‑year follow‑up period among community‑
dwelling older adults.

Methods: A total of 626 older adults aged 65 and older were involved in the study, with at least two repeated 
measurements at baseline, one‑year or 10‑year follow‑up. Cognitive function was measured through the Mini Mental 
State Examination. Obesity markers included body mass index, waist circumference, waist‑to‑hip (WHR), fat mass (FM), 
and abdominal fat (AF) measured by dual‑energy X‑ray absorptiometry. Multivariate logistic regression analyses were 
performed to estimate the adjusted odds ratios (ORs) and 95% confidence intervals (CIs) of cognitive impairment and 
cognitive decline for obesity marker trajectory patterns.

Results: After a 10‑year follow‑up, 168 older adults with incident cognitive impairment and 156 with rapid cognitive 
decline were defined as the top 25th percentile of cognitive decline. Four distinct trajectory groups of obesity markers 
were identified. In multivariate logistic regression analyses, a low likelihood of cognitive impairment was observed in 
the consistently high‑level group from FM trajectory (ORs = 0.41, 95% CI = 0.20–0.85); the high‑level U‑shaped group 
from WHR trajectory (0.43, 0.22–0.84); and the median‑level flat inverse U‑shaped, consistently high‑level, and low‑
level flat U‑shaped groups from AF trajectory (0.44, 0.26–0.77; 0.33, 0.18–0.61; 0.39, 0.18–0.82). In addition, a low likeli‑
hood of rapid decline was found in the low‑level, slightly increasing trend group from WHR trajectory (0.43, 0.22–0.85).

Conclusion: FM and AF trajectories with consistent high levels and WHR trajectory with high level with U‑shaped 
group are associated with low risks of incident cognitive impairment in older adults. Similarly, WHR trajectory with a 
low but slowly increasing trend is associated with a decreased risk of cognitive decline.
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Background
Approximately 9.3% of people worldwide (727 million) 
were aged 65 or older in 2010, and it is expected to rise by 
16.0%, reaching 1.5 billion, by 2030 [1]. Taiwan has one 
of the fastest aging populations in the world, and aging 
problem is becoming an imperative issue [2]. Cogni-
tive impairment and dementia prevalence and incidence 
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increase as the population ages and have become a huge 
economic burden to the whole society. The prevalence 
in elderly people is 18.9% for mild cognitive impairment 
(MCI) using the expanded Mayo Clinic criteria [3] and 
5–10% for dementia in high-income countries [4]. MCI 
is considered an intermediate phase from normal aging 
to dementia [5]. Given that treatment options for demen-
tia are limited, identifying factors that can prevent or 
delay age-related cognitive decline as a strategy to reduce 
dementia is important [6]. Therefore, understanding 
potential modifiable risk factors for cognitive impairment 
or cognitive decline is necessary.

Obesity and overweight prevalence have been rising, 
even among older persons. Many studies have exam-
ined the associations of obesity markers, such as overall 
obesity markers of body mass index (BMI) [7–18] and 
fat mass (FM) [9, 17–19], and central obesity markers 
of waist circumference (WC) [8, 13, 14, 18], waist-to-
hip ratio (WHR) [12–15, 17, 18, 20], abdominal fat (AF) 
[9, 18], and visceral fat [14] with cognitive function. The 
body composition measurements of FM, AF, and visceral 
fat were either assessed by gold standard approach of 
dual -energy X-ray absorptiometry (DXA) scan [9, 17] or 
a rapid, non-invasive approach of bioimpedance analysis 
(BIA) [14, 18, 19]. As for cognitive function, most of stud-
ies adopted global cognitive function [7, 10–15, 17–20] 
to define severity of dementia [7], cognitive impairment 
[10–13, 15–19], cognitive decline [14], or cognitive per-
formance [20]. The commonly-used screening tool was 
mini-mental state examination (MMSE) [7, 11–13, 15, 
16, 19]. Domain-specific cognitive function was assessed 
in one study using comprehensive neuropsychological 
assessment batteries [9].

Most of these mentioned above studies are cross-sec-
tional associations [7–19]. Two prior studies report that sex 
differences exist in the cross-sectional relationship between 
obesity and MCI among older adults [11, 17]. However, 
determining whether obesity transition is a predictor of 
cognitive impairment and cognitive decline within the 
elderly population using a cohort study design remains 
controversial [20, 21]. The Northern Manhattan Study 
[20] used baseline overall obesity (measured by BMI) or 
abdominal obesity (measured by WHR) to assess their rela-
tionship with global cognitive performance at subsequent 
assessment and cognitive changes over time among older 
populations, but no associations were found. The findings 
of a nationwide retrospective cohort study conducted in 
China indicates a higher level of BMI at baseline and larger 
WC are associated with a slower rate of global cognitive 
decline whereas greater BMI variability was associated with 
a faster rate of global cognition score decline [21]. Due to 
inconsistent results, evaluating the effects of obesity mark-
ers with cognitive function in older adults is needed. In 

addition, overall obesity marker of FM and central obesity 
marker of AF have not been assessed in these two prior 
studies.

Previous studies found that overall obesity (defined 
by BMI or FM) [7–12, 17–19, 21] and abdominal obesity 
(defined by WC, WHR or AF) [12–16, 18, 21] can predict 
cognitive impairment, but prior research exploring the 
joint effects of these obesity factors is scarce [13]. Only one 
study indicates that overall obesity, measured by BMI, and 
central obesity, measured by WC or WHR, have combined 
effects exerting a significant increase in cognitive impair-
ment prevalence more than in that with BMI overweight/
obesity alone [13]. Therefore, our specific objectives are to 
evaluate the independent and joint effects of overall obe-
sity trajectories, measured by BMI or FM, and abdominal 
obesity trajectories, measured by WHR, WC, and AF, on 
cognitive impairment and cognitive decline in elders who 
participated in the Taichung Community Health Study for 
Elders (TCHS-E). Based on prior studies’ findings [7–19, 
21], we hypothesized that obesity markers with increasing 
trend of trajectories would be associated with lower likeli-
hoods of cognitive decline or impairment.

Method
Study design and subjects
A community-based prospective cohort study, namely, 
TCHS-E, was conducted in 3997 residents aged 65 and 
over in the North District of Taichung City, Taiwan in 2009. 
All participants were invited to join by letter, phone, and 
home visit. A total of 2750 eligible subjects were invited, 
and 1347 of them accepted our invitation with an overall 
response rate of 49.0% at the first wave of data collection in 
2009. A total of 1078 subjects were followed up with a fol-
low-up rate of 81.3% at the second wave of data collection 
in 2010. A total of 617 participants returned for an over-
all follow-up rate of 57.2% at the third wave of data collec-
tion in 2018 after excluding participants who died during 
the follow-up period. All subjects underwent face-to-face 
interviews and physical examinations. Data were collected 
using a standardized questionnaire and health checkup. 
The flowchart for the recruitment procedures of study 
subjects is presented in Supplementary Fig. S1. The final 
sample included 626 older adults with at least two repeated 
measurements across the 10-year follow-up period. The 
mean age of study subjects was 75.75 years and 47.12% of 
them were women.

Measurements
Sociodemographic factors, lifestyle behaviors, and disease 
histories
The standardized questionnaire comprises sociodemo-
graphic characteristics, educational attainment levels, 
marital statuses, income levels, smoking habits, habitual 
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alcohol intake levels, leisure-time physical activities, 
and personal histories of diagnosed hypertension; dia-
betes mellitus; heart disease; hyperlipidemia; stroke; 
and cancer, including current anti-diabetes, hyperten-
sion, heart, and hyperlipidemia medications. Persons 
who self-reported smoking, alcohol drinking or physical 
activity were classified into the group with their specific 
characteristics.

Anthropometric measurements
The anthropometric measurements include body 
height, weight, BMI, WC, hip circumference (HC), and 
WHR. Weight was measured in kilograms to the near-
est 0.5 kg with an electronic medical scale (seca, Ham-
burg, Germany). Height in meters was measured to the 
nearest 0.5 cm with a fixed stadiometer (seca). BMI was 
calculated as weight in kilograms divided by the square 
of height in meters (kg/m2). WC was measured midway 
point between the inferior margin of the last rib and the 
crest of ilium in a horizontal plane when the participant 
was standing. HC was taken as the distance around the 
pelvis at the point of maximal protrusion of the buttocks. 
WC and HC were measured to the nearest 0.1 kg, and 
WHR was then calculated. An electronic device was used 
to measure blood pressure in a seated position (COLIN, 
VP-1000, Japan).

Body composition
DXA (Lunar DPX, General Electric, Madison, WI, USA) 
was used to determine the whole body and regional dis-
tributions of fat and lean mass. The participants lied in 
a supine position, clad in their underwear, without any 
metal items in their clothing or elsewhere. The operator 
performed a whole-body scan on each participant. The 
whole-body composition analysis provided data on dif-
ferent regions, such as spine, neck, arms, legs, and trunk. 
DXA analysis software (Lunar enCORE version 8.60.006; 
General Electric) analyzed the lean soft tissue mass and 
the fat mass in the arms, legs, trunk, and the entire body. 
The equipment was calibrated using a standardized phan-
tom each day. The software automatically located the 
outer and inner margins of the abdominal wall on both 
sides of the projected DXA image based on the fat and 
lean mass profiles across the abdomen at the level of the 
fourth lumbar vertebrae. The software estimated the total 
fat mass in the abdominal cavity, a region that included 
subcutaneous and visceral fats [22]. In addition, the DXA 
estimation of AF showed high correlations with corre-
sponding computerized tomography (CT) scan (r = 0.87 
in men; r = 0.98 in women) [23] or magnetic resonance 
imaging (MRI) (r = 0.98) [24]. DXA is a good alterna-
tive to CT or MRI for predicting total abdominal fat. It is 

widely available, relatively inexpensive, and has relatively 
low radiation exposure.

Frailty status
Frailty is defined on the basis of well-established, stand-
ardized, and widely accepted phenotype described by 
Fried et  al. [25]. It comprises five components: shrink-
ing, slowness, weakness, poor endurance and energy, and 
low physical activity level. Shrinking refers to elders who 
had unintentional weight loss of ≥3 kg in the prior year. 
Slowness is determined by the first quintile of the time 
needed to walk 15 ft based on gender and height sub-
groups [25]. Weakness is defined as grip strength in the 
lowest quintile based on gender and BMI subgroups [25]. 
Poor endurance and energy is measured by self-reported 
exhaustion, identified by two questions from the Center 
for Epidemiological Studies Depression Scale [26] . Low 
physical activity level is measured by a weighted score of 
kilocalories expended per week based on each partici-
pant’s self-report. Those with none of the above compo-
nents are considered robust, whereas those with more 
than two components are regarded as frail.

Cognitive function assessment
MMSE scale is widely used to assess cognitive function 
in older adults. MMSE is developed by Folstein M. F. and 
Folstein S. E [27]. It is initially designed for the grading 
evaluation of patients with cognitive impairment and 
now has become a widely used test to screen for cognitive 
disorders in epidemiological studies and assess cognitive 
changes in clinical trials. The MMSE test includes simple 
questions and problems in multiple domains of cognitive 
function: orientation (time and place of the test, maxi-
mum score of 5 each for time and place with a total of 10 
points), registration (repeating lists of words, maximum 
score of 3), attention and calculation (arithmetic such as 
serial sevens, maximum score of 5), language use (nam-
ing a pencil and a watch) and comprehension (maximum 
score of 8), registration recall (maximum score of 3), and 
basic motor skills (maximum score of 1). The total score 
is 30, and the cut-point score varies with different edu-
cational levels. An elder is considered to have cognitive 
impairment if the total MMSE score is less than 27, 24, 
and 21, with educational attainment of more than 6 years, 
equal or less than 6 years, and illiteracy, respectively. The 
cut-points are determined through a modification from 
literature in the Chinese and Korean versions of MMSE 
[28, 29].

Statistical analysis
Summary statistics for the baseline variables were shown 
as frequency (proportion), assessed through the chi-
square test and Fisher’s exact test. For analyzing patterns 
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of BMI, FM, WC, WHR, and AF trajectories, we used 
multilevel models and performed a cluster analysis. 
Multilevel models were used to estimate the parameters 
of individual growth curves, including intercept, and 
regression coefficients of linear and quadratic terms. The 
interaction term between covariates and linear and quad-
ratic terms of time was used to determine the covari-
ates that modified obesity marker trajectories. Then, 
individuals’ parameter estimates were entered into the 
cluster analysis, using Ward’s method and cubic cluster-
ing criterion to identify the patterns by classifying these 
elders into cluster groups according to their parameter 
estimates. Finally, multivariate logistic regression analy-
ses were performed to determine whether individuals at 
different cluster groups of BMI, FM, WC, WHR, and AF 
trajectories are associated with cognitive impairment and 
cognitive decline. To adjust for covariates, multivariate 
models were built by following the guideline proposed 
by Hosmer and Lemeshow (2013) [30]. Step 1, we built a 
univariate model for cluster groups of BMI, WC, WHR, 
FM, and VF trajectories along with age and sex. Step 2, 
we built a multivariate model 1 by considering significant 
sociodemographic factors (education level and marital 
status) and lifestyle behaviors (smoking, alcohol drinking, 
and physical activity) identified in the univariate model. 
Step 3, multivariate model 2 is additionally adjusted for 
significant factors of disease history, fall history, sleep 
disturbance, frailty status, and baseline cognitive impair-
ment identified in univariate models. Then, the joint 
associations of obesity markers (BMI, WHR, WC, FM 
or AF) with dependent variables (cognitive impairment 
and cognitive decline) were explored by calculating odds 
ratios (ORs) and 95% confidence intervals (CIs) after 
adjusting for age, sex, and multiple variables. The obesity 
marker trajectory cluster with the lowest likelihood of 
cognitive impairment or change was treated as reference 
group. When joint effects of these obesity marker trajec-
tories were explored, the clusters with similar odds ratios 
were grouped into one. All analyses were performed with 
SAS version 9.4 (SAS, Cary, NC). All p-values are two-
tailed, and a p-value < 0.05 is considered statistically 
significant.

Results
Of the 626 older adults who participated in the study, 168 
had incident cognitive impairment and 156 had cognitive 
decline higher than the 75th percentile during the 10-year 
follow-up period. The baseline characteristics accord-
ing to those with and without cognitive impairment and 
cognitive decline higher and lower than (or equal to) the 
75th percentile are provided in Table 1. Older adults with 
cognitive impairment had significantly higher propor-
tions of age groups 75–84 years and ≥ 85 years (p < 0.001), 

unmarried (p = 0.03), smoking (p = 0.02), hypertension 
(p = 0.04), diabetes mellitus (p = 0.01), stroke (p = 0.001), 
and frailty status (p = 0.002) than those without cognitive 
impairment. We also observed significantly higher pro-
portions of age group ≥85 years (p = 0.03), no education 
or received primary education (p = 0.01), diabetes melli-
tus (p = 0.005), and frailty status (p = 0.03) in older adults 
with cognitive decline higher than the 75th percentile. 
Obesity marker trajectory patterns, including BMI, FM, 
WC, WHR, and AF, are profiled in Fig. 1. The compari-
sons of incident cognitive impairment and cognitive 
decline among four patterns of BMI, FM, WC, WHR, and 
AF trajectories are summarized in Table 2. The incidence 
rates of cognitive impairment were significantly different 
among older adults in patterns of FM trajectories (i.e., 
consistently low-level, consistently high-level, elevated 
with median-level, and flat U-shaped with median-level 
groups) and AF trajectories (i.e., low with flat inverse 
U-shaped, median with flat inverse U-shaped, consist-
ently high-level, and low with flat U-shaped groups). As 
for cognitive decline, we observed differences among pat-
terns of WHR trajectories (i.e., high level with increasing 
trend, low level with slightly increasing trend, high level 
with increasing–decreasing trend, and high level with 
U-shaped groups).

The ORs of cognitive impairment and cognitive decline 
for obesity marker trajectory patterns are presented 
in Table  3. Groups from FM, WHR, and AF trajecto-
ries were significantly associated with cognitive impair-
ment, whereas WHR was the only significant predictor 
of cognitive decline. After multivariate adjustment, the 
adjusted OR (95% CI) of cognitive impairment for FM 
trajectory in Cluster 2 was 0.41 (0.22, 0.85); for WHR 
trajectory in Cluster 4 was 0.43 (0.22, 0.84); and for AF 
trajectory in Clusters 2, 3, and 4 were 0.44 (0.26, 0.77), 
0.33 (0.18, 0.61), and 0.39 (0.18, 0.82), respectively, com-
pared with their counterparts in Cluster 1. For cognitive 
decline, the adjusted OR for WHR trajectory in Cluster 2 
was 0.43 (0.22, 0.85), compared with that for WHR tra-
jectory in Cluster 3.

To explore the joint effects of these obesity marker 
trajectories, categories with similar effects were 
clumped into one. Consistently low-level, median 
level with flat U-shaped trend, and high-level groups 
from BMI trajectory and high level with flat inverse 
U-shaped, high level with flat U-shaped, and low level 
with flat inverse U-shaped groups from WC trajectory 
were bundled. Moreover, low level with slightly increas-
ing trend, high level with increasing–decreasing trend, 
and high level with U-shaped groups from WHR tra-
jectory and median with flat inverse U-shaped, con-
sistently high-level, and low with flat U-shaped groups 
from AF trajectory were clumped together. The joint 
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associations of overall obesity markers and central 
obesity markers for cognitive impairment and cogni-
tive decline are illustrated in Figs.  2 and 3. The over-
all obesity defined by BMI or FM and central obesity 
measures, such as WC, WHR, and AF, had combined 
effects on the incidence of cognition impairment (BMI 
& WC: ORs = 0.27; BMI & WHR: ORs = 0.38; BMI & 
AF: ORs = 0.17; FM & WC: ORs = 0.41, FM & WHR: 
ORs = 0.23, and FM & AF: ORs = 0.30). In addition, the 
BMI/FM-based overall obesity combined with WHR-
based central obesity were significantly associated 
with cognitive decline (BMI & WHR: ORs = 0.45; FM 
& WHR: ORs = 0.38). We observed greater magnitude 
in these joint associations than that in independent 

associations, except for the joint association of BMI 
and WHR for cognitive decline.

Discussion
Our study is the first to examine the effects of BMI, FM, 
WC, WHR, and AF trajectories on cognitive impairment 
and cognitive decline in older adults. Our results indicate 
that the consistently high-level group from FM trajectory 
and the consistently high-level, median with flat inverse 
U-shaped, and low with flat U-shaped groups from AF 
trajectory were associated with reduced risks of cognitive 
impairment. Moreover, the low with slightly increasing 
trend group from WHR trajectory had low risks of cog-
nitive impairment and cognitive decline. These findings 

Table 1 Comparisons of baseline socio‑demographic factors, lifestyle behaviors, disease history, and frailty status according to 
cognitive impairment and cognitive decline

Variables Cognitive impairment n (%) Cognitive decline (> 75 Pctl) n (%)

No (n = 458) Yes (n = 168) p value No (n = 470) Yes (n = 156) p value

Socio-demographic factors
 Age (years) < 0.001 0.03

 65–74 319 (69.65) 82 (48.81) 304 (64.68) 97 (62.18)

 75–84 131 (28.6) 66 (39.29) 151 (32.13) 46 (29.49)

  ≥ 85 8 (1.75) 20 (11.9) 15 (3.19) 13 (8.33)

Sex 0.05 1.00

 Men 231 (50.44) 100 (59.52) 249 (52.98) 82 (52.56)

 Women 227 (49.56) 68 (40.48) 221 (47.02) 74 (47.44)

Education 0.13 0.01

 No education 145 (31.66) 66 (39.29) 150 (31.91) 61 (39.10)

 Primary education 177 (38.65) 52 (30.95) 166 (35.32) 63 (40.38)

 Secondary or tertiary education 136 (29.69) 50 (29.76) 154 (32.77) 32 (20.51)

Married 0.03 0.15

 No 111 (24.24) 56 (33.33) 118 (25.11) 49 (31.41)

 Yes 347 (75.76) 112 (66.67) 352 (74.89) 107 (68.59)

Lifestyle behaviors
 Smoking 28 (6.11) 20 (11.90) 0.02 33 (7.02) 15 (9.62) 0.38

 Alcohol drinking 61 (13.32) 28 (16.67) 0.35 69 (14.68) 20 (12.82) 0.66

 Physical activity 354 (77.29) 121 (72.02) 0.21 365 (77.66) 110 (70.51) 0.09

Disease history
 Hypertension 222 (48.47) 98 (58.33) 0.04 236 (50.21) 84 (53.85) 0.49

 Diabetes mellitus 71 (15.5) 41 (24.40) 0.01 72 (15.32) 40 (25.64) 0.005

 Heart disease 124 (27.07) 47 (27.98) 0.90 126 (26.81) 45 (28.85) 0.70

 Hyperlipidemia 126 (27.51) 33 (19.64) 0.06 119 (25.32) 40 (25.64) 1.00

 Stroke 18 (3.93) 19 (11.31) 0.001 23 (4.89) 14 (8.97) 0.09

 Cancer 28 (6.11) 11 (6.55) 0.99 30 (6.38) 9 (5.77) 0.93

 Fall history 80 (17.47) 39 (23.21) 0.13 92 (19.57) 27 (17.31) 0.61

 Sleep disturbance 205 (44.76) 80 (47.62) 0.59 214 (45.53) 71 (45.51) 1.00

Frailty status 0.002 0.03

 No 444 (96.94) 152 (90.48) 453 (96.38) 143 (91.67)

 Yes 14 (3.06) 16 (9.52) 17 (3.62) 13 (8.33)
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are consistent with our expectation that trajectories with 
consistently high levels or increasing trends are associ-
ated with a lower likelihood of cognitive impairment or 
cognitive decline. Although BMI and WC trajectory pat-
terns were unassociated with risks of cognitive impair-
ment or cognitive decline in older adults, the joint effects 
of the relatively high-level groups from BMI and WC tra-
jectories; relatively high fluctuation groups from WHR 
trajectory; and relatively low-level groups from AF tra-
jectory were associated with the smallest OR of cognitive 
impairment in older adults, suggesting that maintaining 
overall obesity (high BMI or FM) but low WHR or AF in 
older adults prevents cognitive impairment or cognitive 
decline incidence.

Obesity is correlated with inflammation [31], hyperin-
sulinemia/insulin resistance [32], gut dysbiosis [33], and 
systemic mediators [31], which have been consistently 
associated with increased risks of dementia [34]. Patho-
physiological processes of dementia begin many years 
prior to detectable cognitive changes and perhaps dec-
ades before the onset of clinical symptoms [35, 36] and 
can lead to weight loss before the clinical onset of demen-
tia [37]. However, obesity seems to play different roles in 
dementia at different life stages [38]. Mid-life obesity has 
been reported to be a risk factor for dementia or cogni-
tive decline [14], but the association between late-life 
obesity and dementia is inconclusive [39].

Obesity markers are dynamic and fluctuate over time, 
but recent studies have focused on the relationship 
between obesity markers and cognitive function using 

a cross-sectional design [7–19]. Only one prior study 
examined the associations between obesity markers 
measured at one time point and cognitive impairment or 
cognitive decline using a longitudinal study design [14]. 
Our study assessed the associations of obesity trajecto-
ries with cognitive impairment and cognitive decline in 
older people and found that relatively high-level trajec-
tory patterns of overall obesity markers were associated 
with lower risks of incident cognitive impairment and 
cognitive decline, consistent with previous results that 
higher BMI [7–12, 21], FM [17, 19], WC [21], and AF 
[16] and lower WHR [12–15] reduced risks of cognitive 
impairment. A prior study reported that older women 
with low BMI were more likely to have MCI, but older 
men with elevated BMI were more likely to have MCI 
[11]. Similarly, our study found a significant interac-
tion between gender and WHR trajectory on the risks 
of cognitive impairment (p = 0.04). Compared with the 
high level with increasing trend group from WHR trajec-
tory, the high level with U-shaped group was associated 
with lower risks of cognitive impairment in older men 
(OR = 0.30, 95% CI = 0.13–0.71; p = 0.006), but not in 
older women (OR = 1.03, 95% CI = 0.31–3.43; p = 0.96). 
Due to the existence of gender differences in body com-
position, exploring the gender effect on the associations 
between obesity markers and cognitive function in future 
research is needed.

Although the trajectory of obesity markers can reveal 
what patterns of change were associated with cogni-
tive impairment or decline, the temporal relationship is 

Fig. 1 The three trajectory patterns of a body mass index, b fat mass, c WC, d WHR, and e abdominal fat in the 10‑years follow‑up
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not clear because the time points for measuring obesity 
markers overlapped with those for cognitive function 
assessment. In order to have clear-cut time sequence 
of changes in obesity markers and subsequent cogni-
tive function status or decline, we further explored the 
relationships of changes in obesity markers between 
baseline and the first year with cognitive impairment 
at endpoint or cognitive decline during the period of 
the first and 10 years (Supplementary Table S1). Based 
on baseline and baseline-first year changes in obesity 
markers, study subjects were grouped into four groups 
(low at baseline and slow change, low at baseline but 
rapid change, high at baseline but slow change, and 
high at baseline and rapid change). Significant associa-
tions between obesity groups and subsequent cogni-
tive impairment were observed for waist, WHR, and 
abdominal fat, which provided the evidence of tempo-
ral relationship.

The protective effect of overall obesity on outcomes is 
referred to as the “obesity paradox.” Many epidemiologic 
evidence supports the hypothesis that old age obesity 
is linked to favorable outcomes, such as delay in cogni-
tive decline [7, 9, 10, 12, 40]. Hormone leptin is recog-
nized to explain the mechanism for this protective effect 
[34]. Leptin is a circulating hormone produced by adi-
pose tissue, which may play as a cognitive enhancer 
that facilitates learning and memory performance by 
regulating hippocampal synaptic plasticity and amyloid 
β-processing [41, 42]. The other possible hypothesis is 
the “survival effect”. Persons who are susceptible to the 
negative effects of obesity may die earlier, and those who 
survive into old age may be more likely to resistant to 
negative effects of obesity effects. In the present study, 
the median level with flat U-shaped trend and high-level 
groups from BMI trajectory were significantly associated 
with lower risks of cognitive impairment, but their effects 

Table 2 Comparisons of pattern of body mass index, fat mass, waist, WHR and abdominal fat trajectories according to cognitive 
impairment and cognitive decline

BMI Body mass index, WC Waist circumference, WHR Waist-to-hip ratio

Variables Cognitive impairment n (%) Cognitive decline (> 75 Pctl) 
n (%)

No (n = 458) Yes (n = 168) p value No (n = 470) Yes (n = 156) p value

BMI trajectories 0.13 0.78

 Cluster 1: very low level with inverse U‑shaped trend group 61 (63.54) 35 (36.46) 69 (71.88) 27 (28.13)

 Cluster 2: consistently low‑level group 163 (74.43) 56 (25.57) 167 (76.26) 52 (23.74)

 Cluster 3: median level with flat U‑shaped trend group 160 (74.42) 55 (25.58) 164 (76.28) 51 (23.72)

 Cluster 4: high‑level group 74 (77.08) 22 (22.92) 70 (72.92) 26 (27.08)

Fat mass trajectories 0.008 0.26

 Cluster 1: consistently low‑level group 41 (59.42) 28 (40.58) 54 (78.26) 15 (21.74)

 Cluster 2: consistently high‑level group 148 (80.43) 36 (19.57) 144 (78.26) 40 (21.74)

 Cluster 3: elevated with median level group 130 (72.63) 49 (27.37) 125 (69.83) 54 (30.17)

 Cluster 4: flat U‑shaped in median level group 139 (71.65) 55 (28.35) 147 (75.77) 47 (24.23)

WC trajectories 0.46 0.31

 Cluster 1: low level with slightly increasing group 98 (71.53) 39 (28.47) 105 (76.64) 32 (23.36)

 Cluster 2: high level with flat inverse U‑shaped group 117 (74.05) 41 (25.95) 110 (69.62) 48 (30.38)

 Cluster 3: high level with flat U‑shaped group 152 (70.7) 63 (29.30) 164 (76.28) 51 (23.72)

 Cluster 4: low level with flat inverse U‑shaped group 91 (78.45) 25 (21.55) 91 (78.45) 25 (21.55)

WHR trajectories 0.09 0.03

 Cluster 1: high level with increasing trend group 186 (68.13) 87 (31.87) 200 (73.26) 73 (26.74)

 Cluster 2: low level with slightly increasing trend group 161 (77.78) 46 (22.22) 169 (81.64) 38 (18.36)

 Cluster 3: high level with increasing‑decreasing trend group 48 (75.00) 16 (25.00) 42 (65.63) 22 (34.38)

 Cluster 4: high level with U‑shaped group 63 (76.83) 19 (23.17) 59 (71.95) 23 (28.05)

Abdominal fat trajectories < 0.001 0.51

 Cluster 1: low with flat inverse U‑shaped group 97 (61.39) 61 (38.61) 117 (74.05) 41 (25.95)

 Cluster 2: median with flat inverse U‑shaped group 138 (75.41) 45 (24.59) 132 (72.13) 51 (27.87)

 Cluster 3: consistently high‑level group 175 (80.28) 43 (19.72) 167 (76.61) 51 (23.39)

 Cluster 4: low with flat U‑shaped group 48 (71.64) 19 (28.36) 54 (80.60) 13 (19.40)
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became non-significant after adjusting for the comorbidi-
ties and baseline cognitive function. When overall obe-
sity measured by FM, consistently high-level group was 
associated with a 59% reduction in risk of incident cogni-
tive impairment after considering all covariates.

Overall obesity is commonly defined by BMI, which 
is highly related to percentage body fat and total body 
fat [43]. However, BMI does not consider differences in 
body composition and body fat contribution to overall. 
Abdominal obesity, a key component of central obesity, 
refers to the presence of excess fat in the abdominal area, 
which can be obtained using simple measures, such as 
WC or WHR [44]. Our study is the first to report the 
joint effects of overall and abdominal obesities on cogni-
tive function or cognitive decline. These findings suggest 
that overall and abdominal obesities should be combined 
to predict cognitive impairment and decline in older 

adults for interpreting extra variations that cannot be 
explained by the use of overall or central obesity indica-
tors alone.

This investigation is an observational, prospective, 
community-based cohort study that included 626 
participants aged 65 or older with repeated meas-
ures of obesity markers and cognitive function over a 
10-year follow-up period. In the period of data collec-
tion process, valid and reliable measurement instru-
ments with standardized protocols were used. Given 
that education level was correlated with cognitive 
status assessment, cognitive impairment was defined 
according to MMSE scores and education levels to 
adjust for bias arising from variations in education 
attainment. However, some limitations should be con-
sidered in evaluating our results. First, we measured 
FM and AF using DXA, which is less accurate than CT 

Table 3 Odds Ratio and 95% confidence intervals for body mass index, fat mass, waist, WHR and abdominal fat trajectories with 
cognitive impairment and cognitive decline

BMI Body mass index, WC Waist circumference, WHR Waist-to-hip ratio; *: p < 0.05; **: p < 0.01; ***: p < 0.001
1 Multivariate adjustment for age, sex, exercising program, education, marital status, BMI, smoking, alcohol drinking, and physical activity
2 Multivariate adjustment for age, sex, exercising program, education, marital status, BMI, smoking, alcohol drinking, physical activity, hypertension, diabetes mellitus, 
heart disease, hyperlipidemia, stroke, cancer, fall history, sleep disturbance, frailty and baseline cognitive status

Cognitive impairment OR (95% CI) Cognitive decline (> 75 Pctl) OR (95% CI)

n Age and sex 
adjusted model

Multivariate 
model 1

Multivariate 
model 2

Age and sex 
adjusted model

Multivariate 
model 1

Multivariate  
model 2

BMI trajectories

 Cluster 1 96 1.00 1.00 1.00 1.00 1.00 1.00

 Cluster 2 219 0.59 (0.35, 1.01) 0.58 (0.34, 1.01) 0.70 (0.38, 1.29) 0.85 (0.49, 1.46) 0.84 (0.48, 1.46) 0.87 (0.49, 1.55)

 Cluster 3 215 0.55 (0.32, 0.94)* 0.54 (0.31, 0.94)* 0.59 (0.32, 1.09) 0.83 (0.48, 1.45) 0.84 (0.48, 1.48) 0.86 (0.48, 1.55)

 Cluster 4 96 0.52 (0.27, 0.99)* 0.49 (0.25, 0.95)* 0.65 (0.31, 1.34) 0.99 (0.52, 1.87) 0.98 (0.51, 1.89) 0.98 (0.50, 1.93)

Fat mass trajectories

 Cluster 1 69 1.00 1.00 1.00 0.67 (0.34, 1.31) 0.65 (0.32, 1.30) 0.63 (0.31, 1.29)

 Cluster 2 184 0.35 (0.18, 0.68)** 0.37 (0.19, 0.71)** 0.41 (0.20, 0.85)* 0.65 (0.40, 1.05) 0.68 (0.42, 1.11) 0.65 (0.39, 1.08)

 Cluster 3 179 0.54 (0.29, 1.01) 0.56 (0.30, 1.06) 0.54 (0.27, 1.08) 1.00 1.00 1.00

 Cluster 4 194 0.57 (0.31, 1.04) 0.58 (0.31, 1.07) 0.65 (0.33, 1.28) 0.76 (0.48, 1.21) 0.77 (0.48, 1.23) 0.79 (0.49, 1.27)

WC trajectories

 Cluster 1 137 1.00 1.00 1.00 0.73 (0.42, 1.26) 0.68 (0.39, 1.19) 0.68 (0.38, 1.21)

 Cluster 2 158 0.68 (0.39, 1.17) 0.67 (0.39, 1.18) 0.59 (0.32, 1.09) 1.00 1.00 1.00

 Cluster 3 215 0.77 (0.47, 1.27) 0.77 (0.46, 1.28) 0.63 (0.36, 1.13) 0.71 (0.45, 1.14) 0.71 (0.44, 1.14) 0.70 (0.43, 1.13)

 Cluster 4 116 0.64 (0.35, 1.17) 0.66 (0.36, 1.21) 0.53 (0.27, 1.04) 0.60 (0.34, 1.07) 0.57 (0.31, 1.02) 0.61 (0.33, 1.13)

WHR trajectories

 Cluster 1 273 1.00 1.00 1.00 0.74 (0.41, 1.34) 0.78 (0.43, 1.43) 0.70 (0.38, 1.30)

 Cluster 2 207 0.68 (0.43, 1.08) 0.72 (0.45, 1.15) 0.70 (0.41, 1.18) 0.41 (0.22, 0.78)** 0.45 (0.24, 0.87)* 0.43 (0.22, 0.85)*

 Cluster 3 64 0.68 (0.35, 1.30) 0.70 (0.36, 1.35) 0.60 (0.29, 1.25) 1.00 1.00 1.00

 Cluster 4 82 0.54 (0.30, 0.98)* 0.55 (0.30, 1.02) 0.43 (0.22, 0.84)* 0.78 (0.38, 1.59) 0.84 (0.41, 1.75) 0.75 (0.35, 1.58)

Abdominal fat trajectories

 Cluster 1 158 1.00 1.00 1.00 0.98 (0.59, 1.61) 0.94 (0.57, 1.57) 0.89 (0.53, 1.50)

 Cluster 2 183 0.47 (0.29, 0.78)** 0.50 (0.30, 0.83)** 0.44 (0.26, 0.77)** 1.00 1.00 1.00

 Cluster 3 218 0.37 (0.22, 0.65)*** 0.39 (0.23, 0.69)** 0.33 (0.18, 0.61)*** 0.81 (0.50, 1.30) 0.87 (0.53, 1.41) 0.83 (0.51, 1.37)

 Cluster 4 67 0.60 (0.31, 1.15) 0.55 (0.28, 1.06) 0.39 (0.18, 0.82)* 0.63 (0.31, 1.27) 0.59 (0.28, 1.21) 0.61 (0.29, 1.27)
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scan or MRI results. However, previous studies that 
measured body fat using DXA obtained comparable 
accuracy compared with that using CT and MRI [23, 
24]. In addition, DXA is accessible and has practical 
advantage because it is a low-dose radiation tech-
nique compared with CT and MRI, which are costly 
and require trained professionals for specific post-
processing and analyzing examinations. Due to this 
limitation, the widespread use of CT and MRI in daily 
routine is constrained. Second, previous studies found 
sex differences in the effects of BMI and FM on cog-
nitive impairment [11, 17], but our sample size is not 
large enough to observe such differences. Third, all 

our study subjects are community-dwelling men and 
women aged 65 or older from Taichung City, which 
can reduce the generalizability of our results. Last, 
the data were collected at baseline, and one-year and 
10-year follow-up. Elders were included for those 
who had at least two repeated measurements across 
the 10-year follow-up period. Due to the limited time 
points for measuring obesity markers, the estimates 
of the 10-year trajectory pattern may not be accurate. 
However, due to few prior longitudinal studies, our 
study’s findings may provide new insight to this line 
of research question. Future studies are warranted to 
validate the results.

Fig. 2 Joint relationship of overall obesity markers (BMI or FM) and central obesity markers (WC, WHR or AF) for cognitive impairment. Symbol “‑“ 
presents cluster 1, and symbol “+” presents clusters 2–4 for BMI, FM, WC, WHR and AF trajectories

Fig. 3 Joint relationship of overall obesity markers (BMI or FM) and central obesity markers (WHR) for cognitive decline. BMI trajectories: ‑ (cluster 1) 
and + (cluster 2–4). FM trajectories: ‑ (cluster 3) and + (cluster 1, 2, 4). WHR trajectories: ‑ (cluster 1,3,4) and + (cluster 2)
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Conclusion
This study demonstrates that FM, WHR, and AF tra-
jectories are associated with incident cognitive impair-
ment, and WHR trajectory is a key predictor for the 
cognitive decline in older adults. Our findings suggest 
that FM and AF trajectories with consistent high lev-
els and WHR trajectory with high level with U-shaped 
group are associated with low risks of incident cogni-
tive impairment in older adults. Similarly, WHR trajec-
tory with low but slowly increasing trend is associated 
with a decreased risk of cognitive decline. Our findings 
may be useful in screening those who are at high risks 
of incident cognitive impairment or cognitive decline 
and in tailoring interventions for cognitive decline 
prevention.

Abbreviations
MCI: Mild cognitive impairment; BMI: Body mass index; FM: Fat mass; WC: 
Waist circumference; WHR: Waist‑to‑hip ratio; AF: Abdominal fat; DXA: 
Dual‑energy X‑ray absorptiometry; BIA: Bioimpedance analysis; MMSE: 
Mini‑Mental State Examination; TCHS‑E: Taichung Community Health 
Study for Elders; HC: Hip circumference; CT: Computerized tomography; 
MRI: Magnetic resonance imaging; ORs: Odds ratios; CIs: Confidence 
intervals.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12888‑ 022‑ 04420‑1.

Additional file 1: Supplementary Fig. S1. Time points of the data col‑
lection for the TCHS‑E. Supplementary Table S1. Odds Ratio and 95% 
confidence intervals for subgroups of baseline and changes in body mass 
index, fat mass, waist, WHR and abdominal fat between baseline and 
first year with cognitive impairment at endpoint and cognitive decline 
between first year and endpoint.

Acknowledgements
Not applicable.

Authors’ contributions
TCL and CCL contributed equally to the design of the study and the direction 
of its implementation, including supervision of the field activities, quality 
assurance and control. CIL, CSL, and CHL supervised the field activities. TCL 
and CCL helped conduct the literature review and prepare the Methods and 
the Discussion sections of the text. CIL and SYY designed the study’s analytic 
strategy and conducted the data analysis. All authors read and approved the 
final manuscript.

Funding
This study was supported primarily by the Ministry of Science and Technology 
of Taiwan (MOST 105–2314‑B‑039‑021‑MY3 & MOST 105–2314‑B‑039‑025‑MY3 
& MOST 108–2314‑B‑039‑035‑MY3 & MOST 108–2314‑B‑039‑031‑MY2 
& MOST 111–2314‑B‑039‑023) and by China Medical University Hospital 
(DMR‑111‑082).

Availability of data and materials
The datasets generated and/or analyzed during the current study are not 
publicly available due to the policy declared by Ministry of Health and Welfare 
in Taiwan but are available from the corresponding author on reasonable 
request.

Declarations

Ethics approval and consent to participate
This present study was approved by the Ethical Review Board of China Medical 
University Hospital (DMR 97‑IRB‑055 & CMUH110‑REC2‑212 ). Written informed 
consent was obtained from all the study participants. All methods were per‑
formed in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

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

Author details
1 Department of Public Health, College of Public Health, China Medical Uni‑
versity, Taichung, Taiwan. 2 Department of Healthcare Administration, College 
of Medical and Health Science, Asia University, Taichung, Taiwan. 3 School 
of Medicine, College of Medicine, China Medical University, No. 100, Sec. 1, 
Jingmao Rd., Beitun Dist, Taichung 406040, Taiwan. 4 Department of Medical 
Research, China Medical University Hospital, Taichung, Taiwan. 5 Department 
of Family Medicine, China Medical University Hospital, Taichung, Taiwan. 

Received: 3 August 2022   Accepted: 24 November 2022

References
 1. World Population Ageing 2020 Highlights [https:// www. un. org/ devel 

opment/ desa/ pd/ news/ world‑ popul ation‑ ageing‑ 2020‑ highl ights].
 2. Lin YY, Huang CS. Aging in Taiwan: building a Society for Active Aging 

and Aging in place. Gerontologist. 2016;56(2):176–83.
 3. Petersen RC, Caracciolo B, Brayne C, Gauthier S, Jelic V, Fratiglioni L. 

Mild cognitive impairment: a concept in evolution. J Intern Med. 
2014;275(3):214–28.

 4. Hugo J, Ganguli M. Dementia and cognitive impairment: epidemiology, 
diagnosis, and treatment. Clin Geriatr Med. 2014;30(3):421–42.

 5. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild 
cognitive impairment: clinical characterization and outcome. Arch Neu‑
rol. 1999;56(3):303–8.

 6. Imtiaz B, Tolppanen AM, Kivipelto M, Soininen H. Future directions in 
Alzheimer’s disease from risk factors to prevention. Biochem Pharmacol. 
2014;88(4):661–70.

 7. Dinu M, Colombini B, Pagliai G, Vannetti F, Pasquini G, Molino Lova R, et al. 
BMI, functional and cognitive status in a cohort of nonagenarians: results 
from the Mugello study. Eur Geriatr Med. 2021;12(2):379–86.

 8. Rodríguez‑Fernández JM, Danies E, Martínez‑Ortega J, Chen WC. 
Cognitive decline, body mass index, and waist circumference in 
community‑dwelling elderly participants. J Geriatr Psychiatry Neurol. 
2017;30(2):67–76.

 9. Seo YK, Won CW, Soh Y. Associations between body composition and 
cognitive function in an elderly Korean population: a cohort‑based cross‑
sectional study. Medicine. 2021;100(9):e25027.

 10. Vidyanti AN, Hardhantyo M, Wiratama BS, Prodjohardjono A, Hu CJ. 
Obesity is less frequently associated with cognitive impairment in elderly 
individuals: a cross‑sectional study in Yogyakarta, Indonesia. Nutrients. 
2020;12(2):367.

 11. Yuan Y, Li J, Zhang N, Fu P, Jing Z, Yu C, et al. Body mass index and mild 
cognitive impairment among rural older adults in China: the moderating 
roles of gender and age. BMC Psychiatry. 2021;21(1):54.

 12. Hou Q, Guan Y, Yu W, Liu X, Wu L, Xiao M, et al. Associations between obe‑
sity and cognitive impairment in the Chinese elderly: an observational 
study. Clin Interv Aging. 2019;14:367–73.

 13. Liu Z, Yang H, Chen S, Cai J, Huang Z. The association between body mass 
index, waist circumference, waist‑hip ratio and cognitive disorder in older 
adults. J Public Health (Oxford, England). 2019;41(2):305–12.

 14. Liu X, Chen X, Hou L, Xia X, Hu F, Luo S, et al. Associations of body mass 
index, visceral fat area, waist circumference, and waist‑to‑hip ratio with 

https://doi.org/10.1186/s12888-022-04420-1
https://doi.org/10.1186/s12888-022-04420-1
https://www.un.org/development/desa/pd/news/world-population-ageing-2020-highlights
https://www.un.org/development/desa/pd/news/world-population-ageing-2020-highlights


Page 11 of 11Li et al. BMC Psychiatry          (2022) 22:748  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

cognitive function in Western China: results from WCHAT study. J Nutr 
Health Aging. 2021;25(7):903–8.

 15. Zhang T, Yan R, Chen Q, Ying X, Zhai Y, Li F, et al. Body mass index, waist‑
to‑hip ratio and cognitive function among Chinese elderly: a cross‑
sectional study. BMJ Open. 2018;8(10):e022055.

 16. Spauwen PJ, Murphy RA, Jónsson PV, Sigurdsson S, Garcia ME, Eiriksdot‑
tir G, et al. Associations of fat and muscle tissue with cognitive status in 
older adults: the AGES‑Reykjavik study. Age Ageing. 2017;46(2):250–7.

 17. Noh HM, Oh S, Song HJ, Lee EY, Jeong JY, Ryu OH, et al. Relationships 
between cognitive function and body composition among community‑
dwelling older adults: a cross‑sectional study. BMC Geriatr. 2017;17(1):259.

 18. Papachristou E, Ramsay SE, Lennon LT, Papacosta O, Iliffe S, Whincup PH, 
et al. The relationships between body composition characteristics and 
cognitive functioning in a population‑based sample of older British men. 
BMC Geriatr. 2015;15:172.

 19. Bae S, Shimada H, Park H, Lee S, Makizako H, Doi T, et al. Association 
between body composition parameters and risk of mild cognitive impair‑
ment in older Japanese adults. Geriatr Gerontol Int. 2017;17(11):2053–9.

 20. Gardener H, Caunca M, Dong C, Cheung YK, Rundek T, Elkind MSV, et al. 
Obesity measures in relation to cognition in the northern Manhattan 
study. J Alzheimer’s Dis. 2020;78(4):1653–60.

 21. Liang F, Fu J, Moore JB, Zhang X, Xu Y, Qiu N, et al. Body mass index, 
Waist Circumference, and Cognitive Decline Among Chinese Older 
Adults: A Nationwide Retrospective Cohort Study. Front Aging Neurosci. 
2022;14:737532.

 22. Kaul S, Rothney MP, Peters DM, Wacker WK, Davis CE, Shapiro MD, et al. 
Dual‑energy X‑ray absorptiometry for quantification of visceral fat. Obe‑
sity (Silver Spring, Md). 2012;20(6):1313–8.

 23. Snijder MB, Visser M, Dekker JM, Seidell JC, Fuerst T, Tylavsky F, et al. The 
prediction of visceral fat by dual‑energy X‑ray absorptiometry in the 
elderly: a comparison with computed tomography and anthropometry. 
Int J Obes Relat Metab Disord. 2002;26(7):984–93.

 24. Taylor AE, Kuper H, Varma RD, Wells JC, Bell JD, Radhakrishna KV, et al. Vali‑
dation of dual energy X‑ray absorptiometry measures of abdominal fat by 
comparison with magnetic resonance imaging in an Indian population. 
PLoS One. 2012;7(12):e51042.

 25. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. 
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci 
Med Sci. 2001;56(3):M146–56.

 26. Orme JG, Reis J, Herz EJ. Factorial and discriminant validity of the Center 
for Epidemiological Studies Depression (CES‑D) scale. J Clin Psychol. 
1986;42(1):28–33.

 27. Folstein MF, Folstein SE, McHugh PR. "Mini‑mental state". A practical 
method for grading the cognitive state of patients for the clinician. J 
Psychiatr Res. 1975;12(3):189–98.

 28. Kim JI, Sunwoo MK, Sohn YH, Lee PH, Hong JY. The MMSE and MoCA for 
screening cognitive impairment in less educated patients with Parkin‑
son’s disease. J Move Disord. 2016;9(3):152–9.

 29. Ren L, Zheng Y, Wu L, Gu Y, He Y, Jiang B, et al. Investigation of the 
prevalence of cognitive impairment and its risk factors within the elderly 
population in Shanghai, China. Sci Rep. 2018;8(1):3575.

 30. Hosmer DW Jr, Lemeshow S, Sturdivant RX. Applied logistic regression, 
vol. 398: Wiley; 2013.

 31. Ellulu MS, Patimah I, Khaza’ai H, Rahmat A, Abed Y. Obesity and inflam‑
mation: the linking mechanism and the complications. Arch Med Sci. 
2017;13(4):851–63.

 32. Kahn BB, Flier JS. Obesity and insulin resistance. J Clin Invest. 
2000;106(4):473–81.

 33. Sun L, Ma L, Ma Y, Zhang F, Zhao C, Nie Y. Insights into the role of gut 
microbiota in obesity: pathogenesis, mechanisms, and therapeutic 
perspectives. Protein Cell. 2018;9(5):397–403.

 34. Anjum I, Fayyaz M, Wajid A, Sohail W, Ali A. Does obesity increase the risk 
of dementia: a literature review. Cureus. 2018;10(5):e2660.

 35. Sperling RA, Aisen PS, Beckett LA, Bennett DA, Craft S, Fagan AM, et al. 
Toward defining the preclinical stages of Alzheimer’s disease: recom‑
mendations from the National Institute on Aging‑Alzheimer’s Association 
workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimer’s 
Dementia. 2011;7(3):280–92.

 36. Masdeu JC, Kreisl WC, Berman KF. The neurobiology of Alzheimer disease 
defined by neuroimaging. Curr Opin Neurol. 2012;25(4):410–20.

 37. Gustafson D. Adiposity indices and dementia. Lancet Neurol. 
2006;5(8):713–20.

 38. Gustafson D. A life course of adiposity and dementia. Eur J Pharmacol. 
2008;585(1):163–75.

 39. Pedditzi E, Peters R, Beckett N. The risk of overweight/obesity in mid‑life 
and late life for the development of dementia: a systematic review and 
meta‑analysis of longitudinal studies. Age Ageing. 2016;45(1):14–21.

 40. Hsu CL, Voss MW, Best JR, Handy TC, Madden K, Bolandzadeh N, et al. 
Elevated body mass index and maintenance of cognitive function in 
late life: exploring underlying neural mechanisms. Front Aging Neurosci. 
2015;7:155.

 41. Oomura Y, Hori N, Shiraishi T, Fukunaga K, Takeda H, Tsuji M, et al. Leptin 
facilitates learning and memory performance and enhances hippocam‑
pal CA1 long‑term potentiation and CaMK II phosphorylation in rats. 
Peptides. 2006;27(11):2738–49.

 42. Harvey J, Solovyova N, Irving A. Leptin and its role in hippocampal synap‑
tic plasticity. Prog Lipid Res. 2006;45(5):369–78.

 43. Gray DS, Fujioka K. Use of relative weight and body mass index for the 
determination of adiposity. J Clin Epidemiol. 1991;44(6):545–50.

 44. Wu S, Wang R, Jiang A, Ding Y, Wu M, Ma X, et al. Abdominal obe‑
sity and its association with health‑related quality of life in adults: a 
population‑based study in five Chinese cities. Health Qual Life Outcomes. 
2014;12:100.

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


