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Relationship between adiposity parameters and
cognition: the “fat and jolly” hypothesis in
middle-aged and elderly people in China
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Wenzhu Yan, PhDd,∗, Dan Li, MMe,∗

Abstract
The association between adiposity parameters and cognition is complex. The purpose of this study was to assess the relationship
between adiposity parameters and cognition in middle-aged and elderly people in China.
Data were obtained from a cross-sectional study. Cognitive function was evaluated in 5 domains, and adiposity parameters were

measured. The association between adiposity parameters and cognition was analyzed using multiple linear and binary logistic
regression analyses.
After controlling for confounders, men with overweight and obesity had better scores in TICS-10 ([1] total, overweight vs normal:

P= .006, b= 0.04; obesity vs normal: P= .005, b= 0.04. [2] stratification by age, with age≥59 years, overweight vs normal: P= .006,
b = 0.05; obesity vs normal: P= .014, b = 0.05. [3] stratification by educational levels, with less than elementary education,
overweight vs normal: P= .011, b=0.05; obesity vs normal: P= .005, b=0.05), immediate word recall ([1] total, overweight vs
normal: P= .015, b=0.04. [2] stratification by age, with age 45–58 years, overweight vs normal: P= .036, b=0.05. [3] stratification by
educational levels, with less than elementary education, overweight vs normal: P= .044, b=0.04; above high school, overweight vs
normal: P= .041, b=0.09), self-rated memory ([1] stratification by age, with age≥59 years, overweight vs normal: P= .022, b=0.05.
[2] stratification by educational levels, with less than elementary education, overweight vs normal: P= .023, b=0.04), and drawing a
picture ([1] total, overweight vs normal: OR=1.269, 95% CI=1.05–1.53. [2] stratification by educational levels, with less than
elementary education, overweight vs normal: OR=1.312, 95% CI=1.06–1.63); obesity vs normal: OR=1.601, 95% CI=1.11–2.31
than the normal weight; women with overweight and obesity had better measure scores in the TICS-10 ([1] total, overweight vs
normal: P< .0001, b=0.06; obesity vs normal: P< .0001, b=0.05. [2] stratification by age, with age 45–58 years, obesity vs normal:
P= .007, b=0.05; with age≥59 years: overweight vs normal: P< .0001, b=0.07, obesity vs normal: P= .002, b=0.06. [3]
stratification by educational levels, with illiterate, overweight vs normal: P= .001, b=0.08; obesity vs normal: P= .004, b=0.06; with
less than elementary education, overweight vs normal: P< .0001, b=0.07; obesity vs normal: P= .010, b=0.05), immediate word
recall ([1] total, overweight vs normal:P= .011,b=0.04; obesity vs normal: P= .002, b=0.04. [2] stratification by age, with age 45–58
years, obesity vs normal: P= .021, b=0.05; with age≥59 years: overweight vs normal: P= .003, b=0.06. [3] stratification by
educational levels, with illiterate, obesity vs normal: P= .028, b=0.05; with less than elementary education, obesity vs normal:
P= .016, b=0.05), delay word recall ([1] total, overweight vs normal: P= .015, b=0.03; obesity vs normal: P= .031, b=0.03. [2]
stratification by age, with age≥59 years: overweight vs normal: P= .004, b=0.06. [3] stratification by educational levels, with less
than elementary education, obesity vs normal: P= .043, b=0.04), self-rated memory ([1] total, obesity vs normal: P= .026, b=0.03.
[2] stratification by age, with age≥59 years, overweight vs normal: P= .044, b=0.04; obesity vs normal: P= .018, b=0.05), and
drawing a picture ([1] total, overweight vs normal: OR=1.226, 95% CI=1.06–1.42. [2] stratification by age, with age 45–58 years:
overweight vs normal: OR=1.246, 95% CI=1.02–1.53) than the normal weight. Regarding the association between WC and
cognitive function, the obesity demonstrated better mental capacity ([1] total, men: P< .0001, b=0.06; women: P< .0001, b=0.05.
[2] stratification by age, men with age 45–58 years: P< .0001, b=0.08; men with≥59 years: P= .006, b=0.05. women with age
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45–58 years: P= .001, b=0.06; women with≥59 years: P= .012, b=0.04. [3] stratification by educational levels, men with illiterate:
P= .045, b=0.09; men with less than elementary education: P< .0001, b=0.08; women with illiterate: P< .0001, b=0.09), ability to
recall immediately ([1] total, men: P= .030, b=0.03; women: P= .001, b=0.05. [2] stratification by age, womenwith age 45–58 years:
P= .028, b=0.04; women with≥59 years: P= .007, b=0.05. [3] stratification by educational levels, men with less than elementary
education:P= .007,b=0.05; womenwith illiterate:P= .027,b=0.05; womenwith less than elementary education:P= .002,b=0.06),
delay word recall ([1] total, women: P= .044, b=0.03. [2] stratification by educational levels, men with less than elementary education:
P= .023, b=0.04), self-rated memory (stratification by educational levels, women with less than elementary education: P= .030, b=
0.04), anddrawapicture ([1] total,men:OR=1.399, 95%CI=1.17–1.67;women:OR=1.273, 95%CI=1.12–1.45. [2] stratification by
age, menwith age 45–58 years: OR=1.527, 95%CI=1.15–2.03; men with age≥59 years: OR=1.284, 95%CI=1.02–1.61; women
with age 45–58 years: OR=1.320, 95%CI=1.10–1.58;womenwith age≥59 years: OR=1.223, 95%CI=1.01–1.49. [3] stratification
by educational levels, men with less than elementary education: OR=1.528, 95% CI=1.25–1.87; women with illiterate: OR=1.404,
95% CI=1.14–1.73) than the participants with normal weight after the multivariate adjustment.
Our study demonstrated a significant relationship between adiposity parameters and cognition that supports the “jolly fat”

hypothesis.

Abbreviations: BMI = body mass index, CHARLS = China Health and Retirement Longitudinal Study, CI = confidence interval,
NIA= national intelligence agency, OR= odds ratio, SE= Standard error, TICS= telephone interview for cognitive status,WC=waist
circumference.

Keywords: adiposity, body mass index, cognition, jolly fat, waist circumference
1. Introduction

It is well known that the prevalence of overweight and obesity has
increased in adults. Specifically, the prevalence is 21.8% inChina,[1]

comparedwith>50%in theUnitedStates.[2] Thehighest prevalence
was observed among adults aged ≥45 years.[3] Overweight and
obesity are associated with many adverse conditions such as
heart disease,[4] hypertension, cognitive dysfunction,[5] and
diabetes mellitus.[6] Dementia, a cognitive dysfunction, is the
most challenging disease associated with overweight and obesity,
because patients with dementia require more complex care and
experience economic, psychosocial, and physical difficulties.
Recently, both adiposity and cognitive dysfunction have become
important public problems in many countries.
The relationship between adiposity parameters and cognition

has recently attracted the interest of researchers. A review[7] was
conducted on studies that reported an association between obesity
and cognition across the lifespan, including children and
adolescents (aged 4–18 years), adults (aged 19–65 years), and
elderly persons (aged 66–95 years). A relatively consistent finding
was that obesity is associatedwith cognitivedysfunction, especially
in the aspects ofmemoryandexecutive function, across the lifespan
(i.e., in children, adolescents, and adults). Overweight and obesity
have been associated with self-reported functional decline[8] and
performance-based measurement decline[9] in the elderly popula-
tion; however, the relationship between adiposity parameters and
cognition remains controversial. In humans, previous studies have
suggested that individuals with obesity were likely to have a higher
cognitive function (i.e., the “jolly fat” hypothesis),[10,11] and
several studies have reported outcomes consistent with this
hypothesis. However, most studies[12–14] found that obesity was
associated with an increased risk for cognitive dysfunction.
Further, other studies[15,16] have demonstrated that in some
individuals weight loss or being underweight was associated with
cognitive decline. Animal studies[17] have shown that rats with
obesity had worse learning and memory task performances than
normal-weight rats.
To date, the relationship between adiposity and cognitive

function, especially the effect of obesity on cognitive function in
middle-aged and elderly individuals, remains uncertain. Thus, our
study aimed to investigate the relationship between adiposity
2

parameters and cognitive function in middle-aged and elderly
Chinese people, and to apply the “jolly fat” hypothesis to cognition.
2. Methods

2.1. Study sample

The data for this cross-sectional study were taken from the China
Health and Retirement Longitudinal Study (CHARLS), a biennial
and nationally representative longitudinal survey conducted by the
China Centre for Economic Research at Peking University.[18] The
baseline survey had a 4-stage, stratified, cluster probability
sampling design. All participants enrolled for the study signed
the consent, and the institutional review board of the Peking
University approved the study protocol. The cross-section and
observational design follow the STROBEguidelines.[19] The data is
publicly available (http://charls. pku.edu.cn/zh-CN), and our study
have no direct contact with the individual participants.
In the first stage, all counties in China were stratified by region,

rural/urban status, and gross domestic product per capita. A
random sample of 150 counties was selected to represent the
socioeconomic and geographic pattern of all counties. In the
second stage, 3 primary sampling units (PSUs) were selected in
each county, with the probability of inclusion of each county in
the sample being proportional to its population size. In the third
stage, all households in each selected PSU were mapped and a
random sample of 24 households was selected among all
households, with residents aged ≥45 years within each PSU.
Finally, for each selected household, 1 resident aged ≥45 years
was randomly selected as a survey participant. The 2011
CHARLS Wave1 sample (N=9308) consisted of 44.43% men
(age: mean [M], 60.28 years; standard deviation [SD], 9.22;
range, 45–93 years) and 55.57% women (M, 58.86 years; SD,
9.40; range, 45–96 years). Of the respondents, 6.68%and 3.22%
had completed high school and had more than vocational school
education, respectively. By contrast, 28.46% of the respondents
were illiterate and 61.64% had less than elementary school
education.Moreover, 64.77% live in rural areas and 35.23% live
in urban areas. Table 1 presents the baseline characteristics of the
sample for all studied variables, most of which were based on our
previous study.[3,20,21]

http://charls.%20pku.edu.cn/zh-CN


Table 1

Baseline characteristics with full samples (N=9308).

Variables Male N (%) Female N (%) Total N (%) t/x2 P

N 4355 (44.43) 4953 (55.57) 9308 (100.00)
Age (years) 60.28±9.22 58.86±9.40 59.52±9.35 7.363 <.0001
Average hours for one night 6.44±1.81 6.24±1.96 6.33±1.90 5.172 <.0001
Diseases (0–14) 1.35±1.37 1.49±1.41 1.42±1.39 5.066 <.0001
BMI 22.98±3.68 24.02±4.11 23.54±3.95 12.772 <.0001
WC 83.98±12.35 84.67±12.9 84.34±12.65 2.637 .008
Age (years)
45–58 1990 (45.69) 2600 (52.49) 4590 (49.31) 42.856 <.0001
≥59 2365 (54.31) 2353 (47.51) 4718 (50.69)

Education
Illiterate 566 (13.00) 2083 (42.06) 2649 (28.46) 972.47 <.0001
Less than elementary school 3217 (73.87) 2520 (50.88) 5737 (61.64)
Above high school 572 (13.14) 350 (7.07) 922 (9.90)

Marital status
Single 406 (9.32) 739 (14.92) 1145 (12.30) 67.308 <.0001
Married 3949 (90.68) 4214 (85.08) 8163 (87.70)

Current residence
Rural 2874 (65.99) 3155 (63.70) 6029 (64.77) 5.346 .021
Urban 1481 (34.01) 1798 (36.30) 3279 (35.23)

Smoke
No 1073 (24.64) 4552 (91.90) 5625 (60.43) 4385.760 <.0001
Former smoke 744 (17.08) 103 (2.08) 847 (9.10)
Current smoke 2538 (58.28) 298 (6.02) 2836 (30.47)

Drinking
No 1908 (43.81) 4341 (87.64) 6249 (67.14) 2096.414 <.0001
Less than once a month 482 (11.07) 251 (5.07) 733 (7.87)
More than once a month 1965 (45.12) 361 (7.29) 2326 (24.99)

Eating meals
�2 meals per day 580 (13.32) 651 (13.14) 1231 (13.23) 0.358 .836
3 meals per day 3715 (85.30) 4240 (85.60) 7955 (85.46)
≥4 meals per day 60 (1.38) 62 (1.25) 122 (1.31)

Taking activities
No 2139 (49.12) 2463 (49.73) 4602 (49.44) 0.347 0.556
Yes 2216 (50.88) 2490 (50.27) 4706 (50.56)

Ever been in major accidental injury
No 3792 (87.07) 4606 (92.99) 8398 (90.22) 92.131 <.0001
Yes 563 (12.93) 347 (7.01) 910 (9.78)

Self-report health status
Very poor 624 (14.33) 923 (18.64) 1547 (16.62) 61.297 <.0001
Poor 1567 (35.98) 1916 (38.68) 3483 (37.42)
Fair 1455 (33.41) 1486 (30.00) 2941 (31.60)
Good 545 (12.51) 500 (10.09) 1045 (11.23)
Very good 164 (3.77) 128 (2.58) 292 (3.14)

Having regular physical exercises
No physical exercise 2706 (62.14) 3007 (60.71) 5713 (61.38) 2.048 .359
Less than regular physical exercises 823 (18.90) 963 (19.44) 1786 (19.19)
Regular physical exercises 826 (18.97) 983 (19.85) 1809 (19.43)

BMI
Underweight 314 (7.21) 323 (6.52) 637 (6.84) 187.109 <.0001
Average 2562 (58.83) 2290 (46.23) 4852 (52.13)
Overweight 1114 (25.58) 1622 (32.75) 2736 (29.39)
Obese 365 (8.38) 718 (14.50) 1083 (11.64)

Cognitive performance
TICS 7.18±2.62 5.75±2.95 6.42±2.89 24.476 <.0001
Immediate word recall 3.74±1.94 3.53±2.03 3.63±1.99 5.283 <.0001
delay word recall 2.81±2.01 2.69±2.10 2.75±2.06 2.921 .004
Self-rated memory
Poor 1379 (31.66) 2133 (43.06) 3512 (37.73) 140.214 <.0001
fair 2098 (48.17) 2063 (41.65) 4161 (44.70)
good 615 (14.12) 562 (11.35) 1177 (12.65)
very good 238 (5.46) 185 (3.74) 423 (4.54)
excellent 25 (0.57) 10 (0.20) 35 (0.38)

Draw a picture
draw the picture 1158 (26.59) 2349 (47.43) 3507 (37.68) 428.439 <.0001
fail to draw the picture 3197 (73.41) 2604 (52.57) 5801 (62.32)

BMI=body mass index, TICS= telephone interview for cognitive status, WC=waist circumference.
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2.2. Demographic characteristics and self-reported risk
factors

Data, including age, education, marital status, current residence,
smoking status, alcohol consumption, eating habits, activity
performance, accidental injury, physical exercise, self-reported
health status, sleeping hours, and diseases, were obtained using a
self-reported questionnaire.
1.
 The median age was 59 years, and age was classified into<
59 years and ≥59 years.
Educational level was classified into illiterate, less than
2.

elementary school, and above high school.
Marital status was classified into married and single.
3.

4.
 Current residence was classified into rural and urban.

5.
 Smoking status was classified into never smoking, ex-
smoking, and current smoking.
Alcohol consumption was classified into none, less than once
6.

a month, and once a month.
Eating habits were categorized into 2 meals per day or fewer,
7.

3 meals per day, and 4 meals per day or more.
Activity performance was dichotomized into at least once a
8.

month and never.
Major accidental injury information was obtained by asking
9.

the participant whether he or she has experienced any type of
major accidental injury and received medical treatment, with
the answer being “yes” or “no.”
Regular physical exercise was defined as exercising at least 3
10.

days/week and>30min/day, including moderate to vigorous
physical activity and walking.
Self-reported health status was categorized into poor, fair,
11.

good, very good, and excellent.
The number of sleeping hours was defined as the average
12.

hours of sleep per night during the past month.
Following Chang,[22] a continuous variable that reflects the
13.

presence of chronic health conditions was used, by assessing
14 common chronic symptoms among the middle aged and
elderly, including hypertension; dyslipidemia; diabetes or
high blood sugar; cancer or malignant tumor; chronic lung
diseases; liver disease; heart problems; stroke; kidney disease;
digestive disease; emotional, nervous, or psychiatric prob-
lems; memory-related disease; arthritis or rheumatism; and
asthma. The presence of each symptomwas scored 1, and the
sum of scores for all symptoms, which ranged from 0 to 14,
was used as an indicator of disease.
menopause information was obtained by asking the partici-
14.

pant whether she has started menopause, with the answer
being “yes” or “no.”
2.3. Cognition assessment

Cognitive function was evaluated in 5 domains: Telephone
Interview for Cognitive Status (TICS-10), immediate word recall,
delayed word recall, self-rated memory, and drawing a picture.
TICS-10 was used tomeasure mental capacity.[23] It includes 10

questions about awareness of the date (year, month, day, week,
and season) and consecutive 5 times 100minus 7. The total TICS-
10 score was based on correct answers, ranging from 0 to 10.
Self-rated memory was evaluated using the following ques-

tions: “How would you rate your memory at the present time?
Would you say it is excellent, very good, good, fair, or poor?”
The answer was defined using 5 possible ordinal categories,
including poor (1), fair (2), good (3), very good (4), and
excellent (5).[24]
4

Immediate word recall and delayed word recall were used
to assess the respondents’ memory.[24] Of 4 lists that each
contain 10 nouns (list A: rice, river, doctor, clothes, egg, cat,
bowl, child, hand, and book; list B: stool, foot, sky, money,
pillow, dog, house, wood, school, and tea; list C: mountain,
stone, blood, mother, shoes, eye, girl, house, road, and sun; and
list D: water, hospital, tree, father, fire, tooth, moon, village,
boy, and table), 1 list was randomly selected and read slowly
with an interval of approximately 2 s between each word.
Immediately after reading, the respondents were given
approximately 2minutes to recall as many of those words as
they possibly could. Thereafter, the respondents were again
asked to repeat the words they could remember. On the basis of
the correctly recalled words, we obtained 2 scores for
immediate recall and delayed word recall memory, which
ranged from 0 to 10.
Drawing a picture was also used in the survey,[23] in which a

picture was shown and the respondents were asked to draw the
image as similarly as possible. If the respondents successfully
finished or failed to finish the task, the score assigned was 1 or 0,
respectively.
2.4. Adiposity parameter measurement

Weight was measured using a weighing instrument. Height was
measured with a height gauge, with the participant standing in
an upright position on stocking feet or barefoot on the floor,
with the back resting on the vertical back of themeter, the upper
limbs drooping naturally, the heels close together, the toes
separated by 60°, and the head straight forward The waist
circumference (WC) was measured using a tapeline, which was
placed at the navel level to measure the waist perimeter at the
end of exhalation.
The body mass index (BMI) was calculated using the weight

and height measurements, and the participants were classified
into 4 categories according to BMI: underweight (BMI <18.5kg/
m2), normal weight (18.5–24kg/m2), overweight (24–28kg/m2),
and obese (�28kg/m2).[25]

The WC was measured over the umbilicus between the lower
border of the ribs and the iliac crest in a horizontal plane, with a
cloth measuring tape. According to the standard Chinese
definition,[26] central obesity was defined as a WC of ≥90cm
for men and ≥85cm for women.
2.5. Statistical analysis

Data are presented as means ± SDs (continuous data) and as
numbers and percentages (categorical data). Differences between
men and women and between normal-weight and underweight
participants or those with adiposity were evaluated using the t-
test or chi-square test, followed by Bonferroni adjustment. The
associations of adiposity with cognitive function were first
assessed using binary logistic (drawing a picture) or linear (TICS,
immediate word recall, delayed word recall, self-rated memory)
regression models, as appropriate. Thereafter, multiple linear
regression models or binary logistic regression models adjusting
for potential confounders (i.e., age, education level, marital
status, residence, cigarette smoking, alcohol drinking, eating
habits, activity performance, history of a major accidental injury,
self-reported health, physical exercises, sleeping hours, and
diseases) were used to examine the odds ratios (ORs) or b values
for cognition across a range of adiposity. All data were analyzed
using SPSS version 17.0 (SPSS Inc., Chicago, IL).
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3. Results
Table 1 shows the baseline characteristics of the participants. The
sample (N=9308) consists of 44.43% men and 55.57% women.
Among the female participants 74.90% had started menopause,
the mean age was 47.80 (SD=5.04) years. Among the male
participants, 13.14% had above high school education. By
contrast, 13.00% of the male participants were illiterate and
73.87% had less than elementary school education. Among the
women, only 7.07% had above high school education, 42.06%
were illiterate, and 50.88% had less than elementary school
education. Of the men, 65.99% live in rural areas and 34.01% in
urban areas. Of the women, 63.70% live in rural areas and
36.30% in urban areas. Among all participants, themean scores in
TICS-10, immediate word recall, and delayed word recall were
6.42, 3.36, and 2.75, respectively. Further, 37.68% of the
participants drew the picture successfully, whereas 62.32% failed.
Among the total participants, 37.73% showed poor self-rated
memory; 44.70%, fair; 12.65%, good; 4.54%, very good; and
0.38%, excellent. Specifically, 31.66% of the men showed poor
self-rated memory; 48.17%, fair; 14.12%, good; 5.46%, very
good; and 0.57%, excellent. Conversely, 43.06% of the women
showed poor self-rated memory; 41.65%, fair; 11.35%, good;
3.74%, very good; and 0.20%, excellent. Among the men, the
mean WC was 83.98cm and the mean BMI was 22.98kg/m2.
Among thewomen, themeanWCwas84.67cmand themeanBMI
was 24.02kg/m2. According to the modified Chinese criteria for
BMI,[25] 25.58% of the men were overweight and 8.38% were
obese, whereas 32.75% of the women were overweight and
14.50%were obese. According to themodifiedChinese criteria for
WC,[26] 29.80%of themenand52.29%of thewomenwere obese.
Table 2 shows the relationship between BMI and baseline

characteristics in both men and women. History of a major
accidental injury and performance of exercise had no significant
difference between the BMI groups in men. Only history of a
major accidental injury had no significant difference between the
BMI groups inwomen. The differences in the other variables were
insignificant.
Table 3 shows the relationship between WC and baseline

characteristics in both men and women. Alcohol drinking,
history of a major accidental injury, and performance of exercise
had no significant difference between the WC groups in men.
Marital status, cigarette smoking, history of a major accidental
injury, self-reported health, physical exercises, and self-rated
memory had no significant difference between the WC groups in
women. The differences in the other variables were insignificant.
The regression analysis indicated that BMI and WC were

linearly and positively associated with the domains of cognitive
function (Table 4). After adjusting for age, education level,
marital status, residence, cigarette smoking, alcohol drinking,
eating habits, activity performance, history of a major accidental
injury, self-reported health, physical exercises, sleeping hours,
and diseases, we determined the outcomes of interest in the
relationship between BMI and cognition (Table 4). First,
compared with normal weight, overweight (men: P= .006, b=
0.04, standard error [SE]=0.09; women: P< .0001, b=0.06,
SE=0.08) and obesity (men: P= .005, b=0.04, SE=0.14;
women: P< .0001, b=0.05, SE=0.11) had a significant positive
association with mental capacity. Conversely, underweight in
men (P< .0001, b= -0.07, SE=0.14) had a significant negative
association with mental capacity. Second, compared with normal
weight, overweight (men: P= .015, b=0.04, SE=0.07; women:
P= .011, b=0.04, SE=0.06) had a significant positive associa-
tion with immediate recall; women with obesity (P= .002, b=
5

0.04, SE=0.08) showed a similar ability to perform the task as in
their ability of immediate recall. Underweight (men: P= .006,
b=�0.04, SE=0.11; women: P= .041, b=�0.03, SE=0.11)
had a significant negative association with the ability of
immediate recall. Third, in women, overweight (P= .015, b=
0.03, SE=0.06) and obesity (P= .031, b=0.03, SE=0.08) had a
significant positive association with the ability of delayed recall.
Lastly, middle-aged participants who were overweight (men:
OR=1.269, 95% confidence interval [CI]=1.05–1.53; women:
OR=1.226, 95% CI=1.06–1.42) tended to draw a more correct
picture than middle-aged and elderly participants with normal
weight.
With respect to the association between WC and cognitive

function (Table 5), participants with obesity demonstrated better
mental capacity (men: P< .0001, b=0.06, SE=0.08; women:
P< .0001, b=0.05, SE=0.07), ability to recall immediately
(men: P= .030, b=0.03, SE=0.06; women: P= .001, b=0.05,
SE=0.05), and ability to draw a picture (men: OR=1.399, 95%
CI=1.17–1.67; women: OR=1.273, 95% CI=1.12–1.45) than
those with normal weight after multivariate adjustment. Women
with obesity (P= .044, b=0.03, SE=0.06) showed a better
ability of delayed recall than participants with normal weight.
Tables 6 and 7 show relationships between BMI or WC and

cognitive categorized by age in men and women. After adjusting
for age, level of education, marital status, residence, cigarette
smoking, alcohol drinking, eating habits, activity performance,
history of a major accidental injury, self-reported health, physical
exercises, sleeping hours, and diseases, we determined the
outcomes of interest in the relationship between BMI and
cognition (Table 6). First, compared with the participants with
normal weight, the participants who were overweight (men with
age of≥59 years: P= .006, b=0.05, SE=0.13; women with age
of≥59 years: P< .0001, b=0.07, SE=0.12) and obese (menwith
age of≥59 years: P= .014, b=0.05, SE=0.21; women with age
of 45–58 years: P= .007, b=0.05, SE=0.11; women with age of
≥59 years: P= .002, b=0.06, SE=0.17) had a significant positive
association with mental capacity; Conversely, the participants
who were underweight (men with age of 45–58 years: P= .002,
b=-0.07, SE=0.25; men with age of ≥59 years: P= .002, b=�
0.06, SE=0.18; women with age of 45–58 years: P= .023, b=�
0.04, SE=0.04) had a significant negative association with
mental capacity. Second, compared with the participants with
normal weight, the participants who were overweight (men with
age of 45–58 years: P= .036,b=0.05, SE=0.10; womenwith age
of ≥59 years: P= .003, b=0.06, SE=0.09) had a significant
positive association with immediate recall; The women with age
of 45–58 years who were obese (P= .021, b=0.05, SE=0.11)
showed a similar ability to perform the task as in their ability of
immediate recall. The men with age of ≥59 years who were
underweight (P= .003, b=�0.06, SE=0.13) had a significant
negative association with the ability of immediate recall. Third,
the women with age of≥59 years who were overweight (P= .004,
b=0.06, SE=0.09) had a significant positive association with the
ability of delay recall. Fourth, compared with the participants
with normal weight, the participants who were overweight (men
with age of ≥59 years: P= .022, b=0.05, SE=0.04; women with
age of ≥59 years: P= .044, b=0.04, SE=0.04) and obese
(women with age of ≥59 years: P= .018, b=0.05, SE=0.05) had
a significant positive association with self-rated memory;
Conversely, the men with age of 45–58 years (P < .0001,
b=�0.12, SE=0.02) had a significant negative association with
self-rated memory. Lastly, the women with age 45–58 years
(OR=1.246, 95% CI=1.02–1.53) were likely to draw a more
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Table 2

Relationship of various characteristics and BMI in study population (N=9308).

Male (N=4355) Female (N=4953)

Variables
BMI

� 18.5 (%)
BMI

18.5–23.9 (%)
BMI

24–28 (%)
BMI

> 28 (%) x2/t P
BMI

� 18.5 (%)
BMI

18.5–23.9 (%)
BMI

24–28 (%)
BMI

> 28 (%) x2/t P

Age (years)
45–58 88 (4.42) 1118 (56.18) 577 (28.99) 207 (10.40) 78.437 <.0001 105 (4.04) 1153 (44.35) 905 (34.81) 437 (16.81) 83.218 <.0001
≥59 226 (9.56) 1444 (61.06) 537 (22.71) 158 (6.68) 218 (9.26) 1137 (48.32) 717 (30.47) 281 (11.94)

Education
Illiterate 66 (11.66) 383 (67.67) 82 (14.49) 35 (6.18) 9.938 <.0001 190 (9.12) 1020 (48.97) 618 (29.67) 255 (12.24) 73.796 <.0001
Less than
elementary school

216 (6.71) 1902 (59.12) 831 (25.83) 268 (8.33) 128 (5.08) 1118 (44.37) 872 (34.60) 402 (15.95)

Above high school 32 (5.59) 277 (48.43) 201 (35.14) 62 (10.84) 5 (1.43) 152 (43.43) 132 (37.71) 61 (17.43)
Marital status
Single 40 (9.85) 291 (71.67) 53 (13.05) 22 (5.42) 49.004 <.0001 79 (10.69) 387 (52.37) 192 (25.98) 81 (10.96) 49.850 <.0001
Married 274 (6.94) 2271 (57.51) 1061 (26.87) 343 (8.69) 244 (5.79) 1903 (45.16) 1430 (33.93) 637 (15.12)

Current residence
Rural 238 (8.28) 1813 (63.08) 633 (22.03) 190 (6.61) 112.787 <.0001 256 (8.11) 1533 (48.59) 968 (30.68) 398 (12.61) 76.790 <.0001
Urban 76 (5.13) 749 (50.57) 481 (32.48) 175 (11.82) 67 (3.73) 757 (42.10) 654 (36.37) 320 (17.80)

Smoke
No 61 (5.68) 561 (52.28) 330 (30.75) 121 (11.28) 124.321 <.0001 272 (5.98) 2107 (46.29) 1501 (32.97) 672 (14.76) 34.960 <.0001
Former smoke 46 (6.18) 365 (49.06) 243 (32.66) 90 (12.10) 8 (7.77) 49 (47.57) 33 (32.04) 13 (12.62)
Current smoke 207 (8.16) 1636 (64.46) 541 (21.32) 154 (6.07) 43 (14.43) 134 (44.97) 88 (29.53) 33 (11.07)

Drinking
No 164 (8.60) 1089 (57.08) 495 (25.94) 160 (8.39) 18.706 <.0001 273 (6.29) 1990 (45.84) 1424 (32.80) 654 (15.07) 17.337 .008
Less than once
a month

26 (5.39) 287 (59.54) 114 (23.65) 55 (11.41) 19 (7.57) 111 (44.22) 93 (37.05) 28 (11.16)

More than once
a month

124 (6.31) 1186 (60.36) 505 (25.70) 150 (7.63) 31 (8.59) 189 (52.35) 105 (29.09) 36 (9.97)

Eating meals
�2 meals per day 42 (7.24) 395 (68.10) 110 (18.97) 33 (5.69) 38.732 <.0001 73 (11.21) 320 (49.16) 184 (28.26) 74 (11.37) 42.585 <.0001
3 meals per day 264 (7.11) 2125 (57.20) 995 (26.78) 331 (8.91) 247 (5.83) 1933 (45.59) 1420 (33.49) 640 (15.09)
≥4 meals per day 8 (13.33) 42 (70.00) 9 (15.00) 1 (1.67) 3 (4.84) 37 (59.68) 18 (29.03) 4 (6.45)

Taking activities
No 193 (9.02) 1289 (60.26) 491 (22.95) 166 (7.76) 33.883 <.0001 194 (7.88) 1211 (49.17) 764 (31.02) 294 (11.94) 49.529 <.0001
Yes 121 (5.46) 1273 (57.45) 623 (28.11) 199 (8.98) 129 (5.18) 1079 (43.33) 858 (34.46) 424 (17.03)

Ever been in major accidental injury
No 271 (7.15) 2244 (59.18) 953 (25.13) 324 (8.54) 4.001 .261 301 (6.53) 2117 (45.96) 1513 (32.85) 675 (14.65) 2.420 .490
Yes 43 (7.64) 318 (56.48) 161 (28.60) 41 (7.28) 22 (6.34) 173 (49.86) 109 (31.41) 43 (12.39)

Self-report health status
Very poor 67 (10.74) 358 (57.37) 145 (23.24) 54 (8.65) 45.481 <.0001 78 (8.45) 437 (47.35) 285 (30.88) 123 (13.33) 25.666 <.0001
Poor 136 (8.68) 928 (59.22) 374 (23.87) 129 (8.23) 145 (7.57) 877 (45.77) 619 (32.31) 275 (14.35)
Fair 83 (5.70) 868 (59.66) 391 (26.87) 113 (7.77) 69 (4.64) 686 (46.16) 504 (33.92) 227 (15.28)
Good 25 (4.59) 321 (58.90) 147 (26.97) 52 (9.54) 25 (5.00) 224 (44.80) 172 (34.40) 79 (15.80)
Very good 3 (1.83) 87 (53.05) 57 (34.76) 17 (10.37) 6 (4.69) 66 (51.56) 42 (32.81) 14 (10.94)

Having regular physical exercises
No physical exercise 197 (7.28) 1620 (59.87) 660 (24.39) 229 (8.46) 9.505 .147 219 (7.28) 1370 (45.56) 969 (32.22) 449 (14.93) 14.928 .021
Less than regular
physical exercises

64 (7.78) 477 (57.96) 224 (27.22) 58 (7.05) 56 (5.82) 476 (49.43) 310 (32.19) 121 (12.56)

Regular physical
exercises

53 (6.42) 465 (56.30) 230 (27.85) 78 (9.44) 48 (4.88) 444 (45.17) 343 (34.89) 148 (15.06)

Cognitive performance
TICS 5.97±2.92 7.00±2.66 7.70±2.34 7.85±2.33 50.423 <.0001 4.54±2.94 5.46±2.97 6.16±2.85 6.32±2.81 46.321 <.0001
Immediate word recall 3.01±2.03 3.65±1.90 4.08±1.92 4.04±1.94 31.977 <.0001 2.67±1.95 3.39±2.02 3.72±2.02 3.91±1.97 36.845 <.0001
delay word recall 2.18±1.93 2.75±1.99 3.04±2.03 3.16±2.06 19.642 <.0001 2.02±2.02 2.55±2.06 2.88±2.13 2.99±2.12 23.505 <.0001

Self-rated memory
Poor 140 (10.15) 838 (60.77) 302 (21.90) 99 (7.18) 47.280 <.0001 150 (7.03) 1047 (49.09) 655 (30.71) 281 (13.17) 24.346 .018
fair 119 (5.67) 1227 (58.48) 563 (26.84) 189 (9.01) 128 (6.20) 903 (43.77) 718 (34.80) 314 (15.22)
good 37 (6.02) 363 (59.02) 166 (26.99) 49 (7.97) 37 (6.58) 250 (44.48) 187 (33.27) 88 (15.66)
very good 15 (6.30) 124 (52.10) 73 (30.67) 26 (10.92) 6 (3.24) 89 (48.11) 59 (31.89) 31 (16.76)
excellent 3 (12.00) 11 (44.00) 9 (36.00) 2 (8.00) 0 (0.00) 5 (50.00) 2 (20.00) 3 (30.00)

Draw a picture
draw the picture 122 (10.54) 752 (64.94) 215 (18.57) 69 (5.96) 75.583 <.0001 195 (8.30) 1155 (49.17) 683 (29.08) 316 (13.45) 51.787 <.0001
fail to draw the picture 192 (6.01) 1810 (56.62) 899 (28.12) 296 (9.26) 128 (4.92) 1135 (43.59) 939 (36.06) 402 (15.44)

BMI=body mass index, TICS= telephone interview for cognitive status.

Zhang et al. Medicine (2019) 98:10 Medicine

6



Table 3

Relationship of various characteristics and BMI in study population (N=9308).

Male (N=4355) Female (N=4953)

Variables WC < 90 (%) WC ≥ 90 (%) x2/t P WC < 85 (%) WC ≥ 85 (%) x2/t P

Age (years)
45-58 1350 (67.84) 640 (32.16) 9.722 .002 1301 (50.04) 1299 (49.96) 11.910 .001
≥59 1707 (72.18) 658 (27.82) 1062 (45.13) 1291 (54.87)

Education
Illiterate 448 (79.15) 118 (20.85) 48.444 <.0001 1034 (49.64) 1049 (50.36) 9.113 .011
Less than elementary school 2264 (70.38) 953 (29.62) 1150 (45.63) 1370 (54.37)
Above high school 345 (60.31) 227 (39.69) 179 (51.14) 171 (48.86)

Marital status
Single 314 (77.34) 92 (22.66) 10.925 .001 367 (49.66) 372 (50.34) 1.328 .249
Married 2743 (69.46) 1206 (30.54) 1996 (47.37) 2218 (52.63)

Current residence
Rural 2166 (75.37) 708 (24.63) 107.978 <.0001 1622 (51.41) 1533 (48.59) 47.745 .029
Urban 891 (60.16) 590 (39.84) 741 (41.21) 1057 (58.79)

Smoke
No 694 (64.68) 379 (35.32) 89.011 <.0001 2170 (47.67) 2382 (52.33) 4.831 .089
Former smoke 445 (59.81) 299 (40.19) 40 (38.83) 63 (61.17)
Current smoke 1918 (75.57) 620 (24.43) 153 (51.34) 145 (48.66)

Drinking
No 1337 (70.07) 571 (29.93) 0.202 .904 2048 (47.18) 2293 (52.82) 4.437 .109
Less than once a month 335 (69.50) 147 (30.5) 125 (49.80) 126 (50.20)
More than once a month 1385 (70.48) 580 (29.52) 190 (52.63) 171 (47.37)

Eating meals
�2 meals per day 454 (78.28) 126 (21.72) 28.387 <.0001 339 (52.07) 312 (47.93) 9.747 .008
3 meals per day 2552 (68.69) 1163 (31.31) 1987 (46.86) 2253 (53.14)
≥4 meals per day 51 (85.00) 9 (15.00) 37 (59.68) 25 (40.32)

Taking activities
No 1555 (72.70) 584 (27.30) 12.581 <.0001 1243 (50.47) 1220 (49.53) 14.943 <.0001
Yes 1502 (67.78) 714 (32.22) 1120 (44.98) 1370 (55.02)

Ever been in major accidental injury
No 2676 (70.57) 1116 (29.43) 1.966 .161 2182 (47.37) 2424 (52.63) 2.966 .085
Yes 381 (67.67) 182 (32.33) 181 (52.16) 166 (47.84)

Self-report health status
Very poor 445 (71.31) 179 (28.69) 12.886 .012 431 (46.70) 492 (53.30) 4.388 .356
Poor 1121 (71.54) 446 (28.46) 937 (48.90) 979 (51.10)
Fair 1020 (70.10) 435 (29.90) 692 (46.57) 794 (53.43)
Good 375 (68.81) 170 (31.19) 234 (46.80) 266 (53.20)
Very good 96 (58.54) 68 (41.46) 69 (53.91) 59 (46.09)

Having regular physical exercises
No physical exercise 1911 (70.62) 795 (29.38) 4.393 .111 1445 (48.05) 1562 (51.95) 5.003 .082
Less than regular physical exercises 590 (71.69) 233 (28.31) 478 (49.64) 485 (50.36)
Regular physical exercises 556 (67.31) 270 (32.69) 440 (44.76) 543 (55.24)

Cognitive performance
TICS 6.95±2.70 7.72±2.34 8.944 <.0001 5.54±3.00 5.95±2.89 4.901 <.0001
Immediate word recall 3.64±1.93 4.00±1.94 5.744 <.0001 3.41±2.04 3.64±2.01 3.953 <.0001
delay word recall 2.72±2.00 3.04±2.02 4.895 <.0001 2.61±2.10 2.76±2.11 2.413 <.0001

Self-rated memory
Poor 1015 (73.60) 364 (26.40) 14.552 .006 1050 (49.23) 1083 (50.77) 4.921 .295
fair 1452 (69.21) 646 (30.79) 955 (46.29) 1108 (53.71)
good 421 (68.46) 194 (31.54) 268 (47.69) 294 (52.31)
very good 151 (63.45) 87 (36.55) 87 (47.03) 98 (52.97)
excellent 17 (68.00) 8 (32.00) 3 (30.00) 7 (70.00)

Draw a picture
draw the picture 906 (78.24) 252 (21.76) 48.777 <.0001 1192 (50.74) 1157 (49.26) 16.514 <.0001
fail to draw the picture 2151 (67.28) 1046 (32.72) 1171 (44.97) 1433 (55.03)

BMI=body mass index, TICS= telephone interview for cognitive status.

Zhang et al. Medicine (2019) 98:10 www.md-journal.com
correct picture than the middle-aged and elderly individuals with
normal weight. Regarding the association between WC and
cognitive function (Table 7), the subjects with obesity demon-
strated better mental capacity (age of 45–58 years, men:
P< .0001, b=0.08, SE=0.11; women: P= .001, b=0.06, SE=
7

0.10. age of ≥59 years of age, men: P= .006, b=0.05, SE=0.12;
women: P= .012, b=0.04, SE=0.11), ability to recall immedi-
ately (age of 45–58 years, women: P= .028, b=0.04, SE=0.08;
age of ≥59 years, women: P= .007, b=0.05, SE=0.08), and
ability to draw a picture (age of 45–58 years, men: OR=1.527,
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95% CI=1.15–2.03; women: OR=1.320, 95% CI=1.10–1.58.
age of ≥59 years, men: OR=1.284, 95% CI=1.02–1.61;
women: OR=1.223, 95% CI=1.01–1.49) than those with
normal weight after the multivariate adjustment.
Tables 8 and 9 show relationships between BMI or WC and

cognitive categorized by educational levels in men and women.
After adjusting for the related confounders, we determined the
outcomes of interest in the relationship between BMI and
cognition (Table 8). First, compared with the participants with
normal weight, the participants who were overweight (men with
less than elementary school education: P= .011, b=0.05, SE=
0.10; women with illiterate: P= .001, b=0.08, SE=0.13) and
obese (men with less than elementary school education: P= .005,
b=0.05, SE=0.16; women with illiterate: P= .004, b=0.06,
SE=0.18; women with less than elementary school education:
P=0.010, b=0.05, SE=0.15) had a significant positive associa-
tion with mental capacity; conversely, the participants who were
underweight (men with less than elementary school education: P
< .0001, b=�0.07, SE=0.17; men with above high school
education: P= .014, b=�0.11, SE=0.34) had a significant
negative association with mental capacity. Second, compared
with the participants with normal weight, the participants who
were overweight (men with less than elementary school
education: P= .044, b=0.04, SE=0.08; men with above high
school education: P= .041, b=0.09, SE=0.17) had a significant
positive association with immediate recall; The participants who
were obese (women with illiterate: P= .028, b=0.05, SE=0.13;
men with less than elementary school education: P= .016, b=
0.05, SE=0.11) showed a similar ability to perform the task as in
their ability of immediate recall. The men with illiterate who were
underweight (P= .003, b=�0.12, SE=0.24) had a significant
negative association with the ability of immediate recall. Third,
the women with less than elementary school education who were
obesity (P= .043, b=0.04, SE=0.12) had a significant positive
association with the ability of delay recall. Fourth, compared
with the participants with normal weight, the men with less than
elementary school education who were overweight (P= .023, b=
0.04, SE=0.03) had a significant positive association with self-
rated memory. Lastly, the men with less than elementary school
education who were overweight (OR=1.312, 95% CI=1.06–
1.63) and obesity (OR=1.601, 95% CI=1.11–2.31) were likely
to draw a more correct picture than the middle-aged and elderly
individuals with normal weight. Regarding the association
between WC and cognitive function (Table 9), the subjects with
obesity demonstrated better mental capacity (with illiterate, men:
P= .045, b=0.09, SE=0.29; women: P< .0001, b=0.09, SE=
0.11. with less than elementary school education, men: P< .0001,
b=0.08, SE=0.09), ability to recall immediately (with illiterate,
women: P= .027, b=0.05, SE=0.08. with less than elementary
school education, men: P= .007, b=0.05, SE=0.07; women:
P= .002,b=0.06, SE=0.08), ability to recall delay (menwith less
than elementary school education: P= .023, b=0.04, SE=0.08),
self-rated memory(women with less than elementary school
education: P= .030, b=0.04, SE=0.03), and ability to draw a
picture (men with less than elementary school education: OR=
1.528, 95% CI=1.25–1.87; women with illiterate: OR=1.404,
95% CI=1.14–1.73).
4. Discussion

The association between adiposity parameters and cognition is
complex in middle-aged and elderly individuals. Several studies
have investigated the relationship between underweight or weight
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loss and dementia. Kivipelto and Johnson reported
that obesity at midlife was related to the risk of dementia, after
adjusting for confounders of socio-demographic variables.
Gorospe[31] suggested that the relationship between adiposity
and cognition in late life remains controversial. However,
Stewart[32] reported that no association or that being under-
weight is associated with dementia. Han[10] concluded that the
relationship between obesity and cognitive defect differs between
the sexes in the elderly. In men, the prevalence of obesity is
increased over time when obesity in the baseline assessment has a
positive effect on cognitive function. However, in women, the
prevalence of obesity is decreased over time when obesity in the
baseline assessment is associated with cognitive decline.
Conversely, the prevalence is increased when normal weight is
associated with cognitive decline.
In our study, we removed the possible confounders and

discussed the relationship between 2 adiposity parameters and 5
domains of cognitive function. In this large cohort of middle-aged
and older adults, we found a positive relationship between
adiposity parameters and cognition in all variables after adjusting
for age, education level, marital status, residence, cigarette
smoking, alcohol drinking, eating habits, activity performance,
history of a major accidental injury, self-reported health, physical
exercise, sleeping hours, and diseases. Interestingly, we also
found that there was a positive relationship between adiposity
parameters and cognition in some domains. We also performed a
stratified analysis according to age and education and found
differences in the relationships between BMI orWC and cognitive
function according to these variables. Specifically, participants
with above high school education experienced no significant
effect of BMI orWC on cognition.We carefully applied the “jolly
fat” hypothesis,[33] which presumes that a relationship exists
between adiposity and depression. It is well known that both
adiposity and depression are associated with cognition;[3] thus,
we examined whether the hypothesis could also be applied to the
relationship between adiposity and cognition. Moreover, differ-
ent relationships between adiposity parameters and cognition
according to sex were observed in our study. Overweight and
obese men had better cognitive performance in terms of mental
capacity, immediate word recall, and ability to draw a picture,
whereas overweight and obese women had better cognitive
performance in terms of mental capacity, immediate and delayed
word recall, and ability to draw a picture.
Our study found that a positive relationship between adiposity

parameters and cognition exists in some domains in both sexes;
however, the mechanisms were unclear. Considering the findings
of our previous study,[34] this may be attributable to the fewer
participants with depression in this study. Individuals who are
less depressed tend to have the knowledge and attitude needed to
cope with cognitive defects. Thus, these individuals tend to seek
cognitive rehabilitation, which may contribute to the improved
cognition found in middle-aged and elderly adults.
Pathophysiologic factors may play an important role in this sex

difference. There are several possible explanations for the result.
First, female sex is a well-known risk factor for dementia; the
factors may have a greater effect on women than onmen. Second,
body fat, sex steroids, and their interaction in middle-aged and
elderly participants may also contribute to the sex difference. As
an important sex hormone, estrogen may have a key role in
preventing cognitive defects. Middle-aged and elderly women
with higher levels of adiposity have higher concentrations of
estrogen, which may result in a strong protective effect against
cognitive decline.
13
On the basis of the above-mentioned factors, our study
demonstrated a significant relationship between adiposity
parameters and cognition in both men and women, which
supports the application of the “jolly fat” hypothesis.
This study has several limitations. First, the relationship

between adiposity parameters and cognition in the elderly is
complex. We considered as many confounders as possible;
however, there are some unknown factors. Second, the
relationship between adiposity parameters and cognition should
be studied prospectively. We investigated cognition in middle-
aged and elderly participants in a cross-sectional study. The
follow-up duration was relatively short to observe changes
comprehensively. Lastly, more studies are needed to confirm our
results. Nevertheless, our study also has several strengths. First,
this study was based on a nationwide survey. Second, we
conducted the analyses according to sex. Third, we used 5
domains to measure the cognitive function and 2 parameters to
classify the adiposity of the participants.
5. Conclusions

Our study demonstrated a significant relationship between
adiposity parameters and cognition in both men and women,
which supports the application of the “jolly fat” hypothesis.
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