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Association Between Waist Circumference and Dementia
in Older Persons: A Nationwide Population-Based Study
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and Hye Jin Yoo = 4

Objective: This study examined whether a positive association exists between waist circumference (WQC)
and dementia among older persons.

Methods: The study population comprised 872,082 participants aged 65 years and older who participated
in a Korean national health screening examination between January 1, 2009, and December 31, 2009.
Adjusted hazard ratios and 95% Cls for dementia during follow-up from 2009 to 2015 were calculated
according to baseline BMI and WC categories.

Results: After a multivariate adjustment that included BMI, the hazard ratios for dementia showed a step-
wise increase according to the increase in WC categories by 5 cm from 85 to 90 cm in men and from 80 to
85 cm in women until =110 cm (from 1.06 [95% CI: 1.03-1.09] to 1.64 [95% CI: 1.37-1.94] in men and from
1.04 [95% CI: 1.02-1.07] to 1.58 [95% CI: 1.36-1.84] in women). The influence of the current WC category
for abdominal obesity on the risk of dementia was different according to BMI; especially, the normal weight
men and women with abdominal obesity had a prominent increased risk of dementia compared with those
without abdominal obesity.

Conclusions: Abdominal obesity, as measured by WC, was associated with significantly increased risk of
dementia after adjustment for general obesity.

Obesity (2019) 27, 1883-1891. doi:10.1002/0by.22609

midlife obesity is a risk factor for dementia (4-6), but a 2015 large-
scale retrospective cohort study of nearly 2 million people from the
UK Clinical Practice Research Datalink showed that the incidence of
dementia continued to fall for every increasing BMI category (7), and
two Mendelian randomization studies showed no association between
obesity and dementia (8,9). The main reason for such divergent out-
comes may be the difference in follow-up duration, the age when BMI
was measured, and the limitation of BMI in assessing obesity. BMI is not
a perfect measure of adiposity because it cannot discriminate between
fat and lean body mass. Furthermore, aging is characterized by a loss of
lean body mass and an increase in adipose tissue without weight gain. A

Introduction

Dementia is a critical disease to consider when discussing public
health in rapidly aging societies because it affects 6% to 10% of peo-
ple aged 65 years and older (1). Dementia is regarded as a prevent-
able condition with many possible modifiable risk factors. Current
clinical guidelines for dementia prevention consider obesity to be one
such modifiable risk factor (2). Obesity likely influences cognition
through an indirect impact on vascular risk factors or through direct
effects of adipocyte-derived hormones and cytokines on cognitive
function (3).

Despite the possible direct and indirect links between obesity and demen-
tia, epidemiological studies focused on the association have reported
conflicting results. Many prospective studies have demonstrated that

higher BMI in older individuals can be the result of more lean body mass
as well as more fat mass. As a result, the association between high BMI
and adverse clinical outcomes was shown to attenuate with age (10).
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Waist circumference (WC) is a more accurate indicator of abdominal
visceral fat level than BMI, particularly in older individuals (11), poten-
tially making it a better marker for the assessment of abdominal fat. To
date, however, there have been limited studies focused on the relation-
ship between WC and dementia in older persons. Abbatecola et al. (12)
showed that central adiposity, represented by WC, predicted an
increased risk for cognitive decline during a 2-year follow-up period in
older patients with diabetes. Recently, West et al. (13) reported that WC
was correlated with lower overall cognition and executive performance
in older women with type 2 diabetes. However, there has been no large-
scale cohort study to examine the association of late-life WC with the
incidence of dementia in an older population.

To help determine a healthy WC related to dementia risk for an older
population, we compared relative risk of dementia associated with WC
and BMI categories using the large-scale National Health Screening
Examination (NHSE) database. Furthermore, to clarify the differential
relationship between WC and dementia according to BMI categories,
we performed an interaction analysis between WC categories and BMI
categories on the risk of dementia.

Methods

Data sources

The Korea National Health Insurance Service (NHIS) program is a
mandatory social health insurance program that enrolls about 98%
of Koreans who participate in biannual standardized health examina-
tions, the NHSE, provided by the Korean government. The NHIS is
a single-payer universal health care system for all residents of Korea.
Accordingly, the NHIS database represents the entire Korean popula-
tion and can be used for nationwide population-based studies of disease.
The NHIS database contains an eligibility database (including data such
as age, sex, and socioeconomic variables), a health examination data-
base (comprising questionnaires on health-related behavioral variables
and results of laboratory measurements), and a medical history data-
base (comprising information on diagnosis, medication, admission, and
death). This database was described in detail in previous reports (14,15).

Study population

We identified participants aged 65 years or older who had participated
in the NHSE between January 1, 2009, and December 31, 2009. Among
these 1,278,060 people, participants with an extreme BMI, defined as
<15 kg/m? or 240 kg/m? (N=1,575), participants who were diagnosed
with dementia within 1 year (N=86,979), and people with at least one
piece of missing data in the NHSE report (N=317,424) were excluded.
The remaining 872,082 individuals were observed until December 31,
2015, and monitored for a dementia diagnosis using the NHIS claims
database. A flowchart of participant enrollment is shown in Supporting
Information Figure S1. The median follow-up duration for dementia
was 6.46 (interquartile range 6.12-6.75) years. The study population
was observed from baseline until the date of development of demen-
tia, death, or December 31, 2015, whichever came first. This study
was approved by the Institutional Review Board of Korea University
Medical Center (2018GR0024). An exemption from informed consent
was granted by the board because all data were analyzed anonymously.

Measurement of baseline characteristics
The NHSE consists of a health interview and health examination.
The health interview includes questions regarding demographic,
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socioeconomic, and lifestyle status. Data for the following covariates
were obtained: age, smoking status, alcohol consumption, and exercise
level. Smoking status was classified as current smoker, past smoker, or
never smoker based on the answers to the following questions: “Have
you ever been a smoker?”” and “If yes, do you smoke currently?” Alcohol
consumption was categorized according to the weekly frequency of
alcohol intake: no alcohol consumption, one to two servings per week,
or three or more servings per week. Exercise was categorized accord-
ing to the weekly frequency of full-body, sweat-inducing exercise: no
exercise, one to two exercise sessions per week, or three or more exer-
cise sessions per week. Because employee health insurance premiums
reflect a worker’s salary, the study used health insurance premiums as
a substitute variable for income level. Based on insurance premiums,
economic status was classified into 20 levels of performance, with the
highest status defined as the first level. A history of diabetes, hyperten-
sion, and cardiovascular disease (CVD) diagnosed by a physician was
also identified as an individualized investigation question.

The health examination included the calculation of BMI as measured
weight in kilograms divided by measured height in meters squared.
WC was measured at the narrowest point between the lower border
of the rib cage and the iliac crest during minimal respiration. Blood
pressure (BP) was measured using a standard mercury sphygmoma-
nometer. All blood samples were obtained after a minimum fast of
8 hours. The levels of fasting blood glucose (FBS), total cholesterol,
triglycerides, high-density lipoprotein cholesterol (HDL-C), low-den-
sity lipoprotein cholesterol (LDL-C), aspartate aminotransferase
(AST), and alanine aminotransferase (ALT) were measured with a
Hitachi 747 Analyzer (Hitachi Instruments Inc., Tokyo, Japan) using
enzymatic methods.

Charlson Comorbidity Index

Because late-life BMI can be confounded by comorbid medical con-
ditions and concealed baseline diseases, we calculated a hazard ratio
(HR) of dementia after adjusting for the Charlson Comorbidity Index
(CCI), a scoring system of underlying comorbidity (16). The CCI was
defined based on 19 chronic diseases using International Classification
of Diseases, Tenth Revision codes, including diabetes with diabetic
complications, cerebrovascular diseases, congestive heart failure,
chronic pulmonary disease, mild and severe liver disease, hemiplegia,
renal disease, leukemia, lymphoma, metastatic tumor, and AIDS (17).
In this study, the CCI was classified into two groups, with a score of
zero indicating no comorbidity and a score of one meaning at least one
or more comorbidities.

Outcomes

The primary study outcome was diagnosis of dementia. Dementia was
identified by principal or secondary diagnosis based on International
Classification of Diseases, Tenth Revision codes (FO0, FO1, FO3, G30,
and G318). Participants were classified as having dementia only if they
were newly diagnosed. The timing of the initial diagnosis was con-
firmed by the lack of a medical claim for dementia as a primary or
secondary disease before the NHSE.

Statistical analysis

Continuous and categorical variables were expressed as means (SD)
and percentages, respectively. Clinical and biochemical characteristics
were compared among two groups using independent two-sample ¢
tests for continuous variables and Pearson > test or Fisher exact test
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for categorical variables. Clinical and biochemical characteristics were
compared among three or more groups using independent one-way
ANOVA for continuous variables and Pearson x> test or Fisher exact
test for categorical variables. Contrast tests in ANOVA for continuous
variables and Mantel-Haenszel x* tests for categorical variables were
used to calculate P values for linear trends. Cox proportional hazards
models were used to estimate the adjusted HRs and 95% Cls of de-
mentia according to baseline WC categories or BMI categories in older
men and women. In this analysis, BMI was divided into six groups
according to the obesity guidelines for Asian populations. These cate-
gories included underweight (<18.5), normal weight (18.5<BMI<23),
overweight (23<BMI<25), and obesity (grade 1: 25<BMI<27.5;
grade 2: 27.5<BMI<30; and grade 3: BMI>30) (18). WC categories
were classified into 5-cm increments: <65, 65 to <70, 70 to <75, 75 to
<80, 80 to <85 (reference for women), 85 to <90 (reference for men),
90 to <95, 95 to <100, 100 to <105, 105 to <110, and 2110 cm. The
reference WC for men and women was defined as the WC category
just below the Korean criteria for abdominal obesity (18). In the Cox

regression analysis, participants were monitored for a dementia diagno-
sis until December 31, 2015. To document the independent influence of
obesity on dementia not mediated by various cardiometabolic risk fac-
tors, we adjusted measurements for individuals with medical histories
that included diabetes, hypertension, and CVD in the Cox proportional
HR analysis as well as various covariates, including baseline age; alco-
hol, smoking, exercise, and economic status; anthropometric parame-
ters (such as BMI or WC); FBS; HDL-C; LDL-C; AST; ALT; and other
comorbidities as assessed by the CCI. All tests were two-sided, and
P <0.05 was considered statistically significant. Statistical analysis was
performed using SAS 9.2 (SAS Institute, Inc., Cary, North Carolina).

Results

Baseline characteristics of study population
Among the total 872,082 participants, 397,517 were men and 474,565
were women. The detailed baseline characteristics of study participants

TABLE 1 Baseline characteristics of study participants

Total participants Men Women
(N=872,082) (n=397,517) (n=474,565)

Age (y), mean+SD 70.4+4.7 70.2+4.5 70.6x4.7
BMI, mean +SD 24.1+31 23.6+2.9 245+33
WC (cm), mean +SD 83.7+8.4 85.1+8.1 82.5+8.4
Systolic BP (mm Hg), mean +SD 130.9+16.3 130.7+16.2 131.0+16.5
Diastolic BP (mm Hg), mean +SD 78.4+10.1 78.4+10.1 78.4+10.1
Fasting glucose (mg/dL), mean +SD 105.0+29.0 106.3+30.0 103.9+28.2
Total cholesterol (mg/dL), mean +SD 196.8+43.8 187.6+40.8 204.5+44.8
HDL-C (mg/dL), mean +SD 55.7+429 54.3+43.7 56.8+42.2
LDL-C (mg/dL), mean +SD 118.2+81.2 111.1+79.6 124.2+82.0
AST (IU), mean+SD 26.7 +23.1 27.9+236 257227
ALT (V) 23.2+219 24.9+26.3 21.8+17.3
Smoking history, n (%)

Never 632,485 (72.5) 175,339 (44.1) 457,146 (96.3)

Past 132,861 (15.2) 126,875 (31.9) 5,986 (1.3)

Current 106,736 (12.2) 95,303 (24.0) 11,433 (2.4)
Alcohol, n (%)

0 per week 648,330 (74.3) 208,388 (52.4) 439,942 (92.7)

1-2 per week 120,937 (13.9) 92,943 (23.4) 27,994 (5.9)

>3 per week 102,815 (11.8) 96,186 (24.2) 6,629 (1.4)
Exercise, n (%)

0 per week 590,481 (67.7) 246,956 (62.1) 343,525 (72.4)

1-2 per week 111,776 (12.8) 54,847 (13.8) 56,929 (12.0)

>3 per week 169,825 (19.5) 95,714 (24.1) 74,111 (15.6)
Diabetes, n (%)? 158,516 (18.2) 73,039 (18.4) 85,477 (18.0)
Hypertension, n (%)? 467,992 (53.7) 195,040 (49.1) 272,952 (57.5)
CVD, n (%)? 74,836 (8.6) 32,613 (8.2) 42,223 (8.9)
CCl score>1, nn (%)° 836,170 (95.9) 376,861 (94.8) 459,309 (96.8)
Economic status (grade), mean + SD° 12.7+6.0 12.5+6.0 12.8+6.0

aDefinitions of diabetes, hypertension, and CVD based on past history of diagnosis by physician.

PCCl score>1 means participant had any comorbidity.

®Based on insurance premiums, economic status classified into 20 levels of performance, with highest status defined as first level.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure; CCl, Charlson Comorbidity Index; CVD, cardiovascular disease; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; WC, waist circumference.
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are described in Table 1. Increased WC was associated with an increase
in BMI; with an increase in systolic BP, diastolic BP, FBS, AST, ALT,
LDL-C, and total cholesterol levels; with an increase in the proportion
of individuals with diabetes, hypertension, and CVD; and with an in-
crease in CCI scores of more than one. Increased WC was also associ-
ated with a significant decrease in HDL-C levels and in the proportion
of current smokers (Supporting Information Table S1). These patterns
were also observed when BMI was classified into the six categories
(Supporting Information Table S2).

Association of WC categories with dementia in
older men and women

During the median 6.47 years of follow-up, 114,024 older people were
diagnosed with dementia (13.1% of the cohort). The HR of dementia
according to WC categories is described in Table 2. The participants
with WC =90 cm for men and WC =85 cm for women, which is the cur-
rent cutoff value for the diagnosis of abdominal obesity (18), showed
a significantly increased risk of dementia after adjustment for other
covariates, including age, BMI, systolic BP, FBS, lipid profile, liver
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function test, various lifestyle factors (such as alcohol, smoking, and
exercise habits), underlying comorbidities (such as history of diabetes,
hypertension, and CVD) and CCI values (Table 2). There was an almost
linear relationship between WC categories and the risk of dementia in
older men, whereas there was a J-shaped association in older women
(Figure 1A-1B). In model 5, the older men with WC <85 cm exhibited
a significantly lower risk of developing dementia, whereas the women
with WC<75 cm showed no significantly decreased incidence of de-
mentia compared with reference groups (Table 2). The lowest risk for
dementia was observed in older men with WC of 65 to 70 cm (HR 0.84
[95% CI: 0.79-0.90]) and in older women with WC of 75 to 80 cm (HR
0.96 [95% CI: 0.94-0.99]).

Association of BMI categories with dementia in
older men and women

The older men and women with underweight (according to BMI) had a
significantly increased risk of dementia compared with normal weight
individuals after adjustment for other covariates, including WC (men:
HR 1.21 [95% CI: 1.15-1.27]; women: HR 1.26 [95% CI: 1.21-1.31];

TABLE 2 HR for dementia according to WC categories

Incidence, Model 1, HR Model 2, Model 3, Model 4, Model 5,
WC, cm n (%) (95% Cl) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Men
<65 306 (13.05) 1.41 (1.26-1.58) 1.13(1.01-1.26) 0.81(0.72-0.91) 0.82 (0.73-0.92) 0.85 (0.76-0.96)
6510 <70 1,113 (12.27) 1.27 (1.20-1.35) 1.08 (1.01-1.15) 0.80 (0.75-0.86) 0.82 (0.76-0.87) 0.84 (0.79-0.90)
70t0 <75 3,264 (11.91) 1.21 (1.16-1.26) 1.08 (1.04-1.12) 0.86 (0.82-0.90) 0.87 (0.83-0.91) 0.90 (0.86-0.94)
7510 < 80 6,112 (11.63) 1.16 (1.12-1.20) 1.08 (1.05-1.11) 0.93 (0.90-0.96) 0.94 (0.91-0.97) 0.96 (0.92-0.99)
80to< 85 9,814 (10.56) 1.04 (1.01-1.06) 1.01(0.99-1.04) 0.94 (0.92-0.97) 0.95(0.92-0.98) 0.96 (0.93-0.99)
8510 <90 9,895 (10.28) 1 1 1 1 1
90to <95 7,205 (10.33) 1.01 (0.98-1.04) 1.00 (0.97-1.03) 1.07 (1.04-1.11) 1.07 (1.03-1.10) 1.06 (1.02-1.09)
9510 < 100 3,418 (10.33) 1.06 (1.02-1.10) 1.04 (1.00-1.08) 1.19 (1.14-1.24) 1.17 (1.13-1.22) 1.16 (1.11-1.21)
100 to < 105 1,255 (10.84) 1.07 (1.01-1.13) 1.04 (0.98-1.10) 1.26 (1.19-1.34) 1.24 (1.17-1.32) 1.21 (1.14-1.29)
105t0 <110 336 (11.14) 1.11 (0.99-1.23) 1.05 (0.94-1.17) 1.37 (1.22-1.53) 1.34 (1.20-1.50) 1.30 (1.16-1.45)
>110 134 (13.15) 1.34 (1.13-1.59) 1.26 (1.06-1.49) 1.77 (1.48-2.10) 1.70 (1.43-2.03) 1.63 (1.37-1.94)
Women
<65 1,233 (18.91) 1.38 (1.31-1.47) 1,18 (1.11-1.25) 0.96 (0.90-1.02) 0.97 (0.91-1.03) 0.99 (0.94-1.06)
6510 <70 3,323 (17.37) 1.23(1.19-1.28) 1,12 (1.08-1.16) 0.95(0.92-0.99) 0.97 (0.93-1.01) 0.99 (0.95-1.03)
70t0 <75 8,198 (15.70) 1.10(1.07-1.13) 1.05 (1.03-1.08) 0.95 (0.92-0.97) 0.96 (0.93-0.98) 0.97 (0.94-1.00)
7510 < 80 13,064 (14.49) 1.01 (0.99-1.03) 1.01 (0.98-1.03) 0.95(0.93-0.97) 0.96 (0.94-0.98) 0.96 (0.94-0.99)
8010 <85 17,457 (14.63) 1 1 1 1 1
8510 <90 13,638 (15.00) 1.01 (0.99-1.03) 1.00 (0.98-1.02) 1.059 (1.03-1.08) 1.05 (1.02-1.07) 1.04 (1.02-1.07)
90to <95 8,523 (15.44) 1.04 (1.01-1.07) 1.02 (0.99-1.04) 1.12 (1.09-1.15) 1.11 (1.08-1.14) 1.10 (1.07-1.13)
9510 < 100 3,747 (16.20) 1.08 (1.04-1.11) 1.03 (0.99-1.07) 1.19 (1.15-1.24) 1.18 (1.13-1.22) 1.16 (1.11-1.20)
100 to < 105 1,453 (16.20) 1.14 (1.08-1.20) 1.08 (1.02-1.13) 1.32 (1.25-1.40) 1.29 (1.22-1.37) 1.27 (1.20-1.34)
105t0 <110 357 (14.94) 1.04 (0.94-1.16) 1.00 (0.90-1.11) 1.30 (1.17-1.45) 1.26 (1.13-1.41) 1.23 (1.10-1.37)
>110 179 (18.17) 1.31 (1.13-1.51) 1.24 (1.07-1.43) 1.68 (1.45-1.96) 1.62 (1.40-1.89) 1.58 (1.36-1.84)

HRs (95% Cl) calculated using Cox proportional hazards model.
Model 1 was unadjusted.

Model 2 was adjusted for age.
Model 3 was adjusted for age, BMI, alcohol consumption, and smoking and exercise status.
Model 4 was adjusted for age, BMI, alcohol consumption, smoking and exercise status, systolic BP, FBS, HDL-C, LDL-C, AST, and ALT.
Model 5 was adjusted for age; BMI; alcohol consumption; smoking and exercise status; systolic BP; FBS; HDL-C; LDL-C; AST; ALT; economic status; history of diabetes,
hypertension, and CVD; and CClI.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure; CCl, Charlson Comorbidity Index; CVD, cardiovascular disease; FBS, fasting blood
glucose; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; WC, waist circumference.
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Figure 1 (A,B) HRs for dementia according to WC categories in men and women. (C,D) HRs for dementia according to BMI categories in men and women in the fully adjusted

models.

TABLE 3 HR for dementia according to BMI categories

Incidence, Model 1, Model 2, Model 3, Model 4, Model 5,
BMI n (%) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Men
<18.5 2,138 (14.50) 1.33 (1.28-1.39) 1.15 (1.10-1.20) 1.22 (1.16-1.28) 1.21 (1.15-1.27) 1.21 (1.15-1.27)
18.5t0< 23 17,500 (11.93) 1 1 1 1 1
23t0< 25 11,204 (10.24) 0.83(0.81-0.85) 0.91(0.89-0.93) 0.87 (0.85-0.89) 0.87 (0.85-0.90) 0.87 (0.85-0.89)
251t0<27.5 8,743 (9.64) 0.78 (0.76-0.80) 0.89 (0.86-0.91) 0.82 (0.79-0.84) 0.82 (0.80-0.85) 0.82 (0.80-0.85)
27.5t0< 30 2,598 (9.05) 0.73 (0.70-0.76) 0.85(0.92-0.89) 0.75(0.71-0.79) 0.75(0.72-0.79) 0.76 (0.72-0.79)
>30 669 (9.22) 0.74 (0.69-0.80) 0.88 (0.92-0.96) 0.73(0.67-0.80) 0.74 (0.68-0.81) 0.74 (0.68-0.81)
Women
<185 2,811 (22.65) 1.46 (1.40-1.51) 1.20 (1.15-1.25) 1.26 (1.21-1.31) 1.25 (1.20-1.30) 1.26 (1.21-1.31)
18.5t0 < 23 23,527 (16.75) 1 1 1 1 1
23t0< 25 17,377 (14.60) 0.85 (0.84-0.87) 0.93 (0.91-0.95) 0.90 (0.88-0.92) 0.90 (0.88-0.92) 0.90 (0.88-0.92)
2510 <27.5 16,613 (13.67) 0.79 (0.78-0.81) 0.89 (0.87-0.91) 0.83(0.91-0.85) 0.84 (0.82-0.86) 0.83 (0.81-0.85)
27.510< 30 7,631 (13.56) 0.79 (0.77-0.81) 0.89 (0.87-0.91) 0.81(0.78-0.83) 0.81(0.79-0.84) 0.81(0.78-0.83)
>30 3,213 (12.94) 0.75(0.72-0.78) 0.87 (0.83-0.90) 0.75(0.72-0.78) 0.75(0.72-0.79) 0.75(0.72-0.79)

HRs (95% Cl) calculated using Cox proportional hazards model.
Model 1 was unadjusted.

Model 2 was adjusted for age.
Model 3 was adjusted for age, WC, alcohol consumption, and smoking and exercise status.
Model 4 was adjusted for age, WC, alcohol consumption, smoking and exercise status, systolic BP, FBS, HDL-C, LDL-C, AST, and ALT.
Model 5 was adjusted for age; WC; alcohol consumption; smoking and exercise status; systolic BP; FBS; HDL-C; LDL-C; AST; ALT, economic status; history of diabetes,
hypertension, and CVD; and CCl.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure; CCl, Charlson Comorbidity Index; CVD, cardiovascular disease; FBS, fasting blood
glucose; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; WC, waist circumference.
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Table 3 and Figure 1C-1D). The participants with overweight or obesity
showed a significantly and gradual lower risk for dementia than normal
weight individuals after adjustment for other confounding factors. After
adjustment for WC in model 3, the decrease in the risk of dementia
in the participants with overweight or obesity became more prominent
(Table 3).

Interactions between abdominal and general
obesity with dementia in older men and women
Normal weight participants with abdominal obesity, defined as WC 290 cm
in men and WC=>85 cm in women, had a significantly increased risk

of dementia after adjustment for other covariates (HR 1.15 [95% CI:
1.10-1.21] and HR 1.23 [95% CI: 1.18-1.28], respectively), whereas
persons with overweight and obesity with abdominal obesity exhibited
a significantly reduced risk of dementia (Figure 2), suggesting that the
influence of WC on the risk of dementia might be different for different
BMI categories. To verify this, we performed an interaction analysis
between WC categories and BMI categories on the risk of dementia.
There was a significant interaction between WC categories and BMI
categories and the incidence of dementia (P for interaction<0.001), but
the overall trend in the risk of dementia with increasing WC was posi-
tive in all groups except the groups with underweight and severe obesity
(Figure 3 and Supporting Information Table S3).

(A) Men <90-underweight —
<90-normal weight —
<90-overweight
<90-obese 1

<90-obese 2 -

L 3

<90-obese 3 I
290-underweight
290-normal weight —
290-overweight -
290-obese 1
290-obese 2
290-obese 3

L 3

(B) Women <85-underweight

<85-normal weight
<85-overweight
<85-obese 1
<85-obese 2
<85-obese 3
285-underweight
285-normal weight
285-overweight
285-obese 1
285-obese 2
285-obese 3

0.0 0.5 1.0

T T
0.0 0.5 1.0

In(HR)s for dementia

Figure 2 HRs for dementia according to abdominal and general obesity after adjustment for age; alcohol
consumption; smoking and exercise status; systolic BP; FBS; HDL-C; LDL-C; AST; ALT, economic status; history
of diabetes, hypertension, and CVD; and Charlson comorbidity index in men (A) and women (B). Abdominal
obesity was defined as WC =90 cm in men and WC =85 cm in women. General obesity was defined by BMI. BMI
categories were classified into six groups: underweight (BMI< 18.5), normal weight (18.5<BMI<23), overweight
(23<BMI<25), obesity grade 1 (25 <BMI<27.5), obesity grade 2 (27.5 <BMI<30), and obesity grade 3: (BMI = 30).
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Figure 3 (A-H) HRs for dementia according to WC categories interacted by BMI categories in men and women after adjustment for age; alcohol consumption; smoking
and exercise status; systolic BP; FBS; HDL-C; LDL-C; AST; ALT; economic status; history of diabetes, hypertension, and CVD; and CCI. P values for interactions between
WC categories (11 groups) and BMI categories (6 groups) on dementia were <0.001 in both men and women.
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Discussion

This is the first study to present evidence that BMI-adjusted late-life
WC has a significant positive association with the incidence of demen-
tia, whereas WC-adjusted BMI is negatively correlated with the risk of
dementia in older persons. Importantly, older participants with abdom-
inal obesity, defined as WC 290 cm in men and WC >85 cm in women,
exhibited an increased risk for dementia after adjustment for other co-
variates, including age, BMI, lifestyle habits, economic status, various
CVD risk factors, and other comorbidities.

Adiposity is a well-known risk factor for dementia. Adiposity-related
CVD risk factors, such as type 2 diabetes mellitus, hypertension, and
dyslipidemia, have been linked to a risk of vascular dementia. Although
BMI cannot predict adiposity correctly, BMI has been widely used
for the definition of obesity because of its practicality. The Honolulu-
Asia Aging Study showed that many CVD risk factors, including BMI,
were associated with vascular dementia. In that study, a 1-SD increase
in BMI was associated with a 21% higher risk of vascular dementia
during a follow-up period of 25 years (19). However, the present study
showed that late-life BMI had a negative association with the risk of
dementia during a relatively short follow-up period. Similarly, in the
Cardiovascular Health Study, having obesity in midlife was associated
with a 40% increase in the risk of dementia, with adjustment for other
demographics, whereas having obesity later in life was associated with
a reduced risk of dementia (HR 0.63 [95% CI: 0.44-0.91]) (20). In a
recent systemic review and meta-analysis of longitudinal studies on the
relationship between obesity and dementia, having obesity before the
age of 65 had a positive association with dementia, with a risk ratio of
1.41 (95% CI: 1.20-1.66); the opposite, however, was seen in those aged
65 years and older, with a risk ratio of 0.83 (95% CI: 0.74-0.94) (21).
Measurement of BMI in older individuals may not adequately reflect
abdominal fat accumulation because of a potential concurrent decrease
in muscle mass. A higher BMI can be the result of either more body
fat or more lean mass in older persons. Older women with the highest
quartile of fat-free mass had a decreased risk of cognitive impairment
compared with those in the lowest quartile group (22). Therefore, in
older individuals, the assessment of WC, which is used as a precise
indicator for visceral fat, can overcome the potential issues with using
only BMI as an adiposity measure in older people.

Besides mediating CVD risk factors, central obesity plays an indepen-
dent role in the etiology of dementia (23,24). Visceral fat exhibits a det-
rimental effect on cognitive impairment by increasing the production
of proinflammatory cytokines and causing the dysfunction of certain
adipokines (25). In the present study, we demonstrated that the WC of
older participants had a significant positive association with dementia
even when results were adjusted for various CVD risk factors, suggest-
ing that other independent biological factors may be responsible for
the association. Some of these biological mechanisms for the effect
of adiposity on cognitive function include the fat-brain axis (26) and
the hypothalamic-pituitary-adipose axis (27). For example, the direct
injection of adipocyte-derived leptin into the hippocampus improved
memory processing in mice (28). In the present study, normal weight
individuals with abdominal obesity exhibited a significantly increased
risk of dementia compared with those without abdominal obesity.
Previous studies have shown no association of general obesity with
dementia but a positive association of central obesity with dementia
(23,29). The Women’s Health Initiative Memory Study demonstrated
that normal weight women with central obesity (a waist to hip ratio
>0.8) were at greater risk of cognitive impairment than women with

Waist Circumference and Dementia Joon Cho et al.

high BMI (30). West et al. (31) reported that individuals with obesity
had a 61% decreased rate of dementia after adjusting for WC. In the
same study, the dementia rate for individuals in the highest tertile of
WC was 90% higher than that for those in the lowest tertile of WC
after adjustment for BMI. These results emphasized the importance of
measuring WC in combination with BMI in older persons for accurate
prediction of dementia risk.

This study stands apart from other previous research on the association
between obesity and dementia because of the timing of the measure-
ment of anthropometric parameters and the follow-up period. Measures
of BMI late in life are more likely to be confounded by comorbid medi-
cal conditions or by perturbations in feeding behavior in the early stages
of Alzheimer disease (32,33). Weight loss may be a potential preclini-
cal marker for dementia 6 to 10 years before a clinical diagnosis (34).
The brain regulates energy homeostasis through the control of hunger
and satiety (35), and individuals with memory impairment may forget
to eat, which leads to declining body weight (36). The present study
reports that BMI levels within 6.47 years showed a negative association
with dementia incidence, whereas WC values within the same period
exhibited a positive correlation with the risk of dementia. Similar to
our results, Luchsinger et al. (37) showed that dementia risk decreased
with higher BMI in people aged 76 years and older, whereas the highest
quartile of WC was correlated with an increased dementia risk, sug-
gesting that the association between adiposity and dementia differs
depending on the anthropometric parameters used. For older persons,
WC might be a more precise anthropometric parameter for the assess-
ment of obesity-related dementia risk than BMI.

The present study has several limitations. First, because of the lack of
data, we could not consider the role of apolipoprotein E (APOE) e4 (the
major susceptibility allele for dementia), family history of dementia,
dietary factors, or educational factors. We could not completely exclude
survival bias because the participants with high-risk obesity died earlier,
mainly caused by CVD; therefore, older individuals who had survived
might have had a more favorable obesity phenotype, making the protec-
tive effect of BMI on the incidence of dementia more obvious. Another
limitation of our study is the lack of analysis on the subtypes of demen-
tia. Chen et al. (38) reported that individuals with obesity or overweight
in their 40s had an increased risk of vascular dementia but not Alzheimer
disease. The differential relationship between WC and cause-specific
dementia will be the focus of future research using this data set. Lastly,
only Asian men and women were enrolled in this study. Asians have
a higher risk of metabolic disturbances than Caucasians because of
a larger amount of metabolically active visceral fat at the same BMI
(39); thus, our study results should be revaluated in other ethnic groups.
Despite these limitations, this study clarified the association of both WC
and BMI with the risk of dementia in older persons using a large-scale
nationwide database, which is standardized and validated by the Korean
government and represents the entire older Korean population.

Conclusion

This study highlights the critical role of late-life central obesity in the
development of dementia in older persons. BMI-adjusted late-life WC
had a significant positive association with the incidence of dementia.
Clinicians should be aware of the utility of WC for the assessment of
obesity-related dementia risk in older persons.O
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