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ABSTRACT

Background This study aimed to investigate the
relationship between overall obesity, central obesity and
brain volumes, as well as to determine the extent to
which cardiometabolic and inflammatory measures act
as mediators in the association between body mass index
(BMI), waist-hip ratio (WHR) and brain volumes.

Methods In the context of counterfactual framework,
mediation analysis was used to explore the potential
mediation in which cardiometabolic and inflammatory
measures may mediate the relationship between BMI,
WHR, and brain volumes.

Results Among 2413 community-dwelling participants,
those with high BMI or WHR levels experienced an
approximately brain ageing of 4 years. Especially,
individuals with high WHR or BMI under the age of 65
exhibited white matter hyperintensity volume (WMHV)
differences equivalent to around 5 years of ageing.
Conversely, in the high-level WHR population over the

age of 65, premature brain ageing in gray matter volume
(GMV) exceeded 4.5 years. For GMV, more than 45% of
the observed effect of WHR was mediated by glycaemic
metabolism indicators. This proportion increases to
78.70% when blood pressure, triglyceride, leucocyte count,
and neutrophil count are jointly considered with glycaemic
metabolism indicators. Regarding WHR and BMI’s
association with WMHV, cardiometabolic and inflammatory
indicators, along with high-density lipoprotein cholesterol,
mediated 35.50% and 20.20% of the respective effects.
Conclusions Overall obesity and central obesity

were associated with lower GMV and higher WMHV, a
process that is partially mediated by the presence of
cardiometabolic and inflammatory measures.

INTRODUCTION

Obesity is one of the WHO’s top 10 global
health concerns, affecting more than 30% of
adult Chinese citizens,1 and it has evolved into
a public health crisis, particularly among the
middle-aged and older population. Previous
long-term follow-up studies have found that
obesity would increase the risk of dementia
onset,” and cognitive decline was associated
with the deterioration of brain elasticity and
accelerated ageing which may be related to
changes in brain volume.*” However, few
studies have shown the associations between

2 Mengxing Wang @ ,'2
1,2,7,8

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Obesity may be associated with brain structure,
but studies investigating the relationship between
obesity and brain volumes in Asian populations are
limited.

WHAT THIS STUDY ADDS

= This study explored whether body mass index and
waist-hip ratio, were associated with brain volumes,
and assessed the mediating role of cardiometabolic
and inflammatory measures.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Findings of this study provided clues for future stud-
ies to identify the causal relationship between obe-
sity and brain volumes, and provided evidence for
understanding the mediating role of cardiometabolic
and inflammatory measures in the association of
obesity and brain volumes.

different obesity types and brain volumes in
Asians.

Both overall obesity and central obesity
can lead to systemic low-grade inflammation,
impacting molecular metabolism and fat
accumulation,6 where these forms of obesity
are also closely linked to neuroinflamma-
tion” and abnormal glucolipid metabolism,
including conditions like hypertension,
diabetes and insulin resistance.® Moreover,
several studies have indicated that disorder in
glucolipid metabolism and abnormal inflam-
matory responses are likely to be associated
with brain atrophy.” High levels of leucocyte
accumulation can result in white thrombi
formation in small veins, potentially impairing
circulation and leading to the rupture of
blood vessel walls in the brain.'” In the rat
model of brain trauma, neutrophil infiltra-
tion and accumulation have been associated
with structural brain damage.'' Some studies
have shown that both higher white matter
hyperintensity volume (WMHV) and smaller
gray matter volume (GMV) were associated
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with a decreased perceptual speed in older individuals
without cognitive impairment.'* Accordingly, it prompts
the hypothesis that cardiometabolic and inflammatory
measures may act as mediating factors, providing an indi-
rect pathway through which obesity may be associated
with brain volume.

To quantify brain ageing via brain volume differences
and explore the association between obesity and brain
ageing,"” we analysed cross-sectional data from the Polyva-
sculaR Evaluation for Cognitive Impairment and vaScular
Events (PRECISE) study. This involved community-
dwelling adults aged 50-75, undergoing comprehensive
evaluations for vascular events and cognitive assess-
ments. In the present study, we investigated the relation-
ship between overall obesity, central obesity and brain
volumes, using univariate and multivariate mediation
analysis to assess the mediating role of cardiometabolic
and inflammatory measures.

METHODS
Study design and participants
Data for this study were derived from the baseline cross-
sectional survey data of the PRECISE study, the details of
the project had previously been published.'* The PRECISE
projectrecruited 3067 dementia-free community-dwelling
individuals aged 50-75 from six villages and four commu-
nities between May 2017 and September 2019.
According to the purpose of this analysis, participants
with a history of stroke (n=87) and both missing infor-
mation on cardiometabolic and inflammatory measures
(n=2) and MRI brain measures (n=565) were excluded.
This resulted in a final cross-sectional analysis sample of
2413 participants.

Baseline data collection

Face-toface interviews were conducted by qualified
neurologists from Lishui Hospital to collect basic charac-
teristic data including age, sex, ethnicity, education level,
medical history, selfreported medication use, medical
history, smoking and drinking status, physical exami-
nation and laboratory tests. Brain MRI measures were
performed at enrolment using a standard data collection
technique established by the steering committee.

Laboratory tests

Fasting blood samples were collected and sent to the
laboratory of the Lishui Hospital, where they were centri-
fuged to extract serum, plasma and leucocytes, and all
serum markers were measured by an automated analyzer
(ARCH ITECT c16000, Illinois, USA). Fasting glucose
was measured by the enzymatic hexokinase method;
the homeostasis model assessment of insulin resistance
(HOMA-IR) index was calculated as (fasting insulin (pU/
mL)xfasting glucose (mmol/L))/22.5, of which insulin
was determined by radioimmunoassay; triglyceride (TG),
total cholesterol (TC), high-density lipoprotein choles-
terol (HDL-C) and low-density lipoprotein cholesterol
(LDL-C) were determined by an enzymatic assay.

Obesity measures

Body mass index (BMI) and waist-hip ratio (WHR) were
measured by physicians using standard procedures. BMI
was calculated by dividing weight in kilograms by height
in metres squared and divided into three groups: normal
BMI group, BMI<24.0kg/m? overweight group, BML:
24.0-27.9kg/m? and obese group, BMI>28.0kg/m>."
WHR was estimated as the ratio of waist to hip circum-
ference in centimetres and divided into three groups:
low level: <0.85 (female), <0.90 (male); medium level:
0.85-1.00 (female), 0.90-1.00 (male); high level: >1.00
(female),>1.00 (male).'®'” Additionally, this studyused the
Chinese visceral adiposity index (CVAI), which is a recent
index for assessing abdominal obesity in Chinese adults.'®
Males:  CVAI=-267.93+0.68xage+0.03xBMI+4.00xwaist
circumference+22.00xLogl0TG-16.32xHDL-C. Females:
CVAI=-187.32+1.71xage+4.23xBMI+1.12xwaist
ference+39.76xLog10TG-11.66xHDL-C.

circum-

Medical examinations

Hypertension was defined as prior diagnosis by medical
practitioners, the present utilisation of antihypertensive
medications, or systolic blood pressure (SBP) >140mm
Hg, or diastolic blood pressure (DBP) =90mm Hg.]g
Diabetes was ascertained through self-reported physician-
diagnosed diabetes, current utilisation of antidiabetic
medications, fasting plasma glucose (FPG) levels at or
above 7.0mmol/L, 2-hour postload glucose levels at or
above 11.1mmol/L, or HbAlc levels above 6.5% (48
mmol,/mol).* History of dyslipidaemia was identified by
self-reported prior diagnosis of dyslipidaemia by a physi-
cian® or current use of lipid-lowering medication.

Imaging data collection

Employing the default processing pipeline of FreeSurfer
(V.7.0), each T1-weighted magnetisation-prepared rapid-
acquisition gradient-echo (3D T1lw MPRAGE) was metic-
ulously processed. The White matter Hyperintensities
Analysis Tools software was subsequently used, providing
a summarised representation of WMHV data.”* High-
resolution imaging via a 3.0T MRI scanner (Ingenia
3.0T, Philips, Best, The Netherlands) was conducted in
the Lishui Hospital Medical Centre, and delivered to the
imaging research centre at Beijing Tiantan Hospital for
additional investigation.

Using multispectral MRI and an automated image
analysis pipeline, we generated independent measure-
ments for the volumes of total cerebral brain (TCBV),
GMYV, white matter (WMV) and WMHYV. All brain MRI
measures were quantified using the residual method
(regression-based predicted brain tissue volumes evalu-
ated with intracranial volume (ICV) as a proxy for head
size) to compensate for differences in head size among
participants. We applied a logarithmic transformation to
address the non-normal distribution of structural brain
MRI measures. Subsequently, we standardised those
measures using z-transformation to conduct the mean and
SD specific to each region. In addition, we employed the
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proportion method, which involves calculating tissue-ICV
proportion, as another common method for quantifying
brain volume. In this method, all brain volumes under-
went equal logarithmic transformations.

Statistical analysis

According to a previous study, the mean GMV and SD
for individual with normal low-level BMI (BMI: <25kg/
m?), overweight (25 kg/m*<BMI<30kg/m?), and obesity
(BMI>30kg/m?) were 805+41cm®, 790+41cm’® and
780+41 cm’, respectively.” Based on the sample size calcu-
lation formula for cross-sectional surveys, the adequacy of
the sample size was assessed by estimating mean difference
in GMV between BMI groups for primary general linear
model incorporating assumptions that 50% of individ-
uals had normal BMI (BMI: <24kg/m2), 40% were over-
weight (24 kg/m*<BMI<28kg/m?), and 10% were obese
(BMI>28kg/m?) among Chinese middle-aged and older
residents. Considering the necessity for multiple compar-
ison corrections for significance level and accounting for
a 10% non-response rate, our study population is suffi-
cient for statistical analysis. It achieved a desired power of
over 99% with a two-sided o value of 5%.

Continuous variables are expressed as means and SD or
medians or IQR, and categorical variables are expressed
as frequencies and percentages. We compared the base-
line characteristics among BMI groups and WHR groups
using x test for categorical variables or one-way analysis
of variance for continuous variables. Covariates poten-
tially associated with obesity groups and brain volumes
were adjusted in all models, including age, sex, current
smoking, current drinking, ethnicity, educational level. In
this study, the residual method and z-transformation was
primarily used to normalise the ICV, with the proportion
method serving as online supplemental material.** Strati-
fied by age group and using the BMI<24.0 kg/m? group or
low level WHR group as a reference, we investigated brain
volume differences and correspondent years of brain
ageing in higher BMI or WHR groups.” Calculation of
years of brain ageing was based on regressing MRI brain
measures onto age at time of MRI examination, where the
slope is the estimate of the change in MRI brain measures
per year of age. Mean brain volumes specific to age groups
(<60, 60—64 and =65 years) was calculated for those with
different BMI or WHR levels. For each age group, we
then calculated the years of brain ageing due to obesity
through the difference between the mean brain volumes
among those with different BMI or WHR levels divided
by the B coefficient. Because the association between
age and the MRI measures might be different among
different age groups, the estimations of years of brain
ageing due to overweight and obesity were performed by
age groups. The slopes of the different brain volumes in
our study were calculated based on our data. When using
BMI as a measure of overall obesity, the slope was the esti-
mate of the difference in residual adjusted brain volume
per year of age (TCBV=-3.0505xage; GMV=-1.3832xage;
WMV=-1.6673xage; WMHV=0.3015xage); and when using

Cardiometabolic and

/| inflammatory measures |

NIE NIE

Body massindex | ... ...

o ) Brain tissue volumes
Waist hip ratio

Figure 1 Mediation model of the hypothetical causal
pathway. Arrows indicate the causal direction or possible
association. Total effect=NDE+NIE. NDE, natural direct effect;
NIE, natural indirect effect.

WHR as a measure of central obesity, the slope was the esti-
mate of the difference in residual adjusted brain volume
per year of age (TCBV=-3.0375xage; GMV=-1.3579xage;
WMV=-1.6796xage; WMHV=0.2963xage).

To assess the extent of associations of BMI and WHR
with brain volumes mediated by cardiometabolic and
inflammatory measures, we performed mediation anal-
ysis based on the counterfactual outcome framework
(figure 1). Within this framework, we determined the
total, natural direct and natural indirect effects using
a regression-based method. In this context, the total
association of obesity on brain volumes is composed of
natural indirect effect (or mediated effect) and natural
direct effect, and all are presented in regression coef-
ficient (B) with corresponding p values. The indirect
effect represents the impact of obesity on brain volumes
mediated through cardiometabolic and inflammatory
measures, while the direct effect encompasses pathways
not involving these markers. B is usually calculated using
structural equation modelling, and [ of the direct effect
represents the coefficient of the path of the direct effect
from the independent variable to the dependent variable.
B of the indirect effect represents the product of the path
coefficient of the independent variable to the mediator
variable and the path coefficient of the mediator vari-
able to the dependent variable. P value tests whether the
path coefficient for indirect/direct effect (B) is equal to 0
and an indirect/direct effect is considered to exist when
p<0.05. This method could yield valid estimates under the
condition that the baseline covariates adequately address
exposure-outcome, mediator-outcome and exposure-
mediator confounding. First, we evaluated the relation-
ship between obesity, cardiometabolic, and inflammatory
measures, and brain volume while accounting for afore-
mentioned confounders. Logarithmic transformation
was performed for BMI, WHR, all cardiometabolic and
inflammatory measures, as well as residual adjusted
brain volumes. Second, we conducted individual media-
tion analyses to elucidate the relationship between each
cardiometabolic and inflammatory measures and brain
volumes. To evaluate the collective mediation effect of
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cardiometabolic and inflammatory measures, we consid-
ered markers indicating mediation in multiple analyses
based on individual mediator analyses. The propor-
tion mediated by cardiometabolic and inflammatory
measures, was calculated by dividing the natural indi-
rect effect (mediated effect) by the total effect.?® Brain
volumes were residual-adjusted and normalised. We also
used proportional brain volume for mediation analysis.

All analyses were conducted with SAS V.9.4 (SAS Insti-
tute, Cary, NC) and R V.4.2.2 (R Development Core
Team). The %mediate SAS macro and ‘lavaan’ package
were applied for mediation analysis. Two-sided p less than
0.05 was considered to be statistically significant.

Patient and public involvement

The public is concerned about the current state of the
epidemiology of cerebrovascular disease and dementia
and risk factors in the elderly population, and their
concerns informed our research questions. Although
participants were not involved in the study design, they
played a central role in the conduct of the study by
completing baseline, 2-year and 4-year follow-up surveys
and imaging in our cohort, and we thank them for
their contributions. We were unable to directly involve
members of the public in this study due to the lack of allo-
cated funds and time for patient and public involvement.

RESULTS

Study participants and characteristics

A total of 3067 community-dwelling adults were enrolled
in the PRECISE study. After excluding 654 participants
due to a history of stroke, MRI imaging quality, invalid
data on cardiometabolic and inflammatory measures, the
final analysis included 2413 participants (figure 2). The
included patients were older and had a higher propor-
tions of blood pressure and glycolipid abnormalities than
the excluded patients (online supplemental table 1). At
baseline, 2413 participants had a mean (SD) age of 61.3
(6.6) years, with 53.9% being female, and over 95% being
Han. Approximately 30% of individuals had a high school

‘ 3067 Participants from the PRECISE study ‘

| 87 Excluded :
87 Had a history of stroke !

‘ 2980 Participants with available brain magnetic resonance imaging data

565 Excluded
550 Missing image data
15 Poorly readable image data

i 2 Missing cardiometabolic and inflammatory measures

2413 Participants were included for analysis

Figure 2 Flow chart of study population. PRECISE,
PolyvasculaR Evaluation for Cognitive Impairment and
vaScular Events.

education or above, and around 20% of the participants
reported currently smoking or drinking alcohol.

Baseline characteristics and brain volume differences by BMI
and WHR level

The median BMIwas 23.73 (IQR: 21.91-25.80kg/m?), and
the median WHR was 0.91 (IQR: 0.87-0.95). Compared
with individuals with BMI<24.0kg/m?®, participants with
higher BMI were less likely to be current smokers or
drinkers, had a higher prevalence of abnormal blood
pressure and glycolipid. In contrast, compared with indi-
viduals with a low WHR, participants with higher WHR
were more likely to be older and drinkers (table 1).

In the overall population, compared with individuals
with BMI<24.0kg/m® overweight and obese partici-
pants had a 1.18 cm® and 8.27 cm® reduction in GMV,
corresponding to 0.8 and 2.4 years earlier brain ageing;
while a 0.66 cm® and 1.22 cm”® increase in WMHYV, indi-
cating 2.2 and 4.0 years earlier brain ageing. In the three
different groups of under 60 years, 60-64 years and above
65 years, the premature brain ageing corresponding to
WMHYV differences was 4.5, 3.4 and 3.1 years, respectively
(table 2). However, compared with individuals with a low
WHR, those with a high WHR showed premature brain
ageing corresponding to GMV and WMHYV differences
of 3.7 and 2.2 years, respectively. High WHR individuals
displayed evident premature brain ageing, with WMHV
differences reaching 4.8 years in the 60-64 years age
group and GMV differences reaching 4.6 years in those
aged 65 years or older (table 3). Additionally, the results
of the proportion method were similar (online supple-
mental tables 2 and 3). In addition, we found differences
in brain ageing across age groups for men and women with
different levels of obesity. It is noteworthy that in women
over 65 years old with abdominal obesity, the reduction in
GMYV represented an ageing effect of approximately 8.5
years (online supplemental table 4).

Association between obesity, cardiometabolic and
inflammatory measures and brain volumes

BMI was significantly associated with WMHV (B=1.55,
95% CI 1.26to 1.84, p<0.001, online supplemental table
5), whereas WHR was significantly associated with both
GMV and WMHV (B=-0.68, 95%CI -1.22to -0.14,
p=0.01; B=2.12, 95% CI 1.58 to 2.65, p<0.001, respectively,
online supplemental table 6). SBP, DBP, FPG, HOMA-IR,
TG, leucocyte count and neutrophil count were linearly
correlated with GMV and WMHYV, whereas, HDL-C were
exclusively related to increased WMHV (online supple-
mental table 7). When GMV was expressed by percentage
of total cranial volume, there was a linear correlation
between BMI and GMV, whereas no linear correlation
was observed between HOMA-IR, TG and GMV (online
supplemental tables 8 and 9). We also found differences
in brain volume (expressed in both absolute volume and
percentage) among populations with different obesity
phenotypes. Individuals with high levels of both BMI and
WHR exhibited a greater proportion of WMHYV relative

Zhou Q, et al. Stroke & Vascular Neurology 2024;0. doi:10.1136/svn-2023-003045

yBLAdoo Aq paroalold 1sanb Aq GZOzZ ‘TZ aung uo Jwod fwg uAs)/:dny woly papeojumoq +20z 1snBny 6T U0 S70S00-E202-UAS/ISTT 0T Se paysignd 1siy :[0INaN ISeA a30NS


https://dx.doi.org/10.1136/svn-2023-003045
https://dx.doi.org/10.1136/svn-2023-003045
https://dx.doi.org/10.1136/svn-2023-003045
https://dx.doi.org/10.1136/svn-2023-003045
https://dx.doi.org/10.1136/svn-2023-003045
https://dx.doi.org/10.1136/svn-2023-003045
https://dx.doi.org/10.1136/svn-2023-003045
https://dx.doi.org/10.1136/svn-2023-003045
https://dx.doi.org/10.1136/svn-2023-003045
https://dx.doi.org/10.1136/svn-2023-003045
https://dx.doi.org/10.1136/svn-2023-003045
http://svn.bmj.com/

)
7]
o
3]
3]
®
c
o
o

(©)

Stroke Vasc Neurol: first published as 10.1136/svn-2023-003045 on 19 August 2024. Downloaded from http://svn.bmj.com/ on June 21, 2025 by guest. Protected by copyright.

panuniuo)
(9) u ‘esn uoneoIpaN
1'6¥9'9G 2'8¥¢'99g ¥'8%2'9G €'8¥€'9G 1'8¥2'9G G'8FE£'9G €'8¥€'9g % ‘ones jlydosnaN
G'1F8'¢ Z1F9e E1F'e ISR Z1¥F9'e € 1FG'e Z1¥se 1/601x ‘WuNnoo [iydosnaN
8'1F.'9 9'1F2'9 9'LF0'9 9'1¥2'9 9'1Fe9 9’1709 9'IF29 /401X ‘JUN0D 83}4000N87
€0F2’ L 0Fy' L €0FG'| 0%y L €0F¢L 7'0FG'L €0Fy' L J/loww ‘O-1aH
8'0¥8'¢ 8'0¥8'C 8'0¥8'¢ 8'0¥8'¢ 8'076'2 8'078'¢ 8'0F8'¢ J/1I0Www ‘O-1d7
vIFL'C C1LF6'L 0'LFG'L e1Fg’L vIFLS LTl eLFeL J/loww ‘91
6'0¥€'G 0'LF¥'G 0'LFE'S 0'LF9'G 0’ LF7'g 0'IF€'S 0’ IF7'g /10w ‘O 1
Ov-21)ve (9z-¢e1) 8l (2'1-60) 2L (Gz-en L1 (6'2-G1)0¢ (6L-01) ¢l (A A HI-VINOH
22F99 9'LFL'9 0'LF9°G 8’ 1G9 L'LF29 7' 1F8'G 9'1F0'9 J/oww ‘Hd4
¥'8F1°9/ 8'8F|°9/ 26%9°¢/ 6'8¥9'8/ 6'8F.°9/ L'8F0°7. 0'6F5°G. BH ww dgd
7'SLFEEEL LOLFLLEL 0'9LFy G2l 6'71¥8'Gel 6'GLF6 LEL zolLFe el 291¥8'62l BH ww dgs
sainsesw
\Coumrcrcm:c_ pue Jljogelawoipie)
ope (8'0) €1 Q0 v (60 ¢ ove (90 8 (8'0) 61 uone||uqy ey
e (€0 (0 e o)t (€0 e (09 (¥ 0) ok asess|p Aiope Aieuoio)
(I22) vs (ge2) L€ (a1 L6 (¥'62) 29 (v'g2) oz (8°L1) L2z (2712) ves elwsepidisAig
(29¢€) €2 (8'¢€2) L1¢ (2el) 98 (g'ge) I8 (L'v2) vae (1'81) Lee (c'z2) 985 snyljjew sajegelq
(€'69) 811 (9'9v) 6EL (c0€) 061 (Sv9) LvL (509) 85 (9v¢) ehv (rrev) Lol uoisuspadAH
(%) u ‘Aoysiy [eolpaN
(9°22) sv (021 0L2 (r'6l) 22k (2'91) 88 (6°21) 291 (5'81) €2 (1'81) 2e¥ (%) U 4exuup JusND
(1'92) 2s (2'91) G92 (¢'92) g9I (121) 68 (e21)9gt (522 182 (0'02) 287 (%) u yexows juaung
(sas (€2 9llL (201 29 (29e (29) 19 68 1L (8°2) 881 |ooyos 869|100
(L'op) ee (9'02) L2¢ (0v2) 11 (08h) Ly (€'02) 781 (¢'22) 82 (L're) ols |ooyos ybiH
(2°0€) (c0e) 81¥ (2'0¢€) €61 (5ze) v. (6"1€) 682 (6'82) 69¢ (e'0¢) 2eL |ooyos Jounp
(L9 e (8'v2) c6¢ (L'€2) Y7L (v'g2) 89 (0's2) 222 (c'v2) 60¢ (9'v2) ¥65 |ooyos Asewud
(9ve) 6 (AR (01169 (r'8l) zv (Lal) ovi (Z's1) Loz (1'o1) 68€ Koeuay||
(9%) U ‘|on9| [euoneonpg
(0'26) €61 (2'96) €€5 (6°96) €09 (6'96) 122 (9'96) 98 (v'96) 2e2! (5'96) 62€C (%) u ‘Ayoruyye ueH
(e 2v) v6 (1'69) 2€6 (8°2v) 692 (7'v9) vel (e'e9) e8¥ (e'v9) €69 (6°€9) 00| (%) u ‘erewed
1'9%79°€9 9'9%¢"19 7’97609 8'9%6°09 ¥'9F€"19 L9779 9'9F¢’ 19 asFuesw ‘eby
(661L=u) (g8g1L=u) (629=u) (822=u) (Lo6=u) (8L2L=u) (eLye=u) sonsusoeIRYD
«[9n3 UBIH  ,|9AS] wnips N «[9A3] Mo JU/BN0'822  ,w/BX)6°L2-0Fe ;W/B 02> leloL
HHM InNg

HHM PUE |INg 01 Buipioooe sonslielorIeyD auljeseg | a|qel

Zhou Q, et al. Stroke & Vascular Neurology 2024;0. doi:10.1136/svn-2023-003045


http://svn.bmj.com/

Open access

Stroke Vasc Neurol: first published as 10.1136/svn-2023-003045 on 19 August 2024. Downloaded from http://svn.bmj.com/ on June 21, 2025 by guest. Protected by copyright.

"8WINJOA Ja1iBW S1UM ‘ANM ‘BwnjoA AususiuuedAy Jonew suym AHINM ‘oied diy-isem

‘HHM ‘9pua2A|bul ‘5] ‘ewn|oA uleiq [Biqai99 [B10] ‘AgD1 {[0481S9|0yd [e101 ‘D] ‘ainssaid poojq 21|01sAs ‘dgs ‘jo4a1sejoyd ularoidodi| Alisusp-mo| ‘D-1Q7 ‘9ouBlSISal UINSUl JO JUSLUSSOSSE
|9poW sise}soawWoy ‘Yl-yYINOH ‘|oJe1ssjoyo uejoidodi| Aususp-ybiy ‘D-1aH ‘ewn|oA Japew Aeib AN ‘esoon|b ewse|d Bunse; ‘Dd ‘einssaid poojq 21|01selp ‘dgd xapul ssew Apoq ‘|INg

‘poylew [enpisal Aq passaidx3t
‘poyrow uoipodoud Aq passaidx3t

“(elew) 00" 1< ‘(eleway) 00" k< :[eAs] YBIY ‘(ofew) 00" L-06°0 ‘(fewsay) 00" k-G8'0 :[eAs] WNIPaW ‘(afew) 06°0> ‘(B[ewsa}) G8'0> ens| M| :sdnoib YHM.

LYFLY Z'6¥ee €'GF9'C GvF8'e SYFre 1'6¥8'2 TGFLE FWo AHINM

6'82¥6°05Y 1'82¥8'2SY 2'82F.'2SY 6'82F8°2SH 2'62¥6°25Y €'/2¥e'2SY 2'82F9'2SY FWo AWM

L LyF7'€201 6'0rF0'€E0L  L'grFE'SE0! G'92F1'8.G G'v2FL'6.S 0'G2¥6°085 6'7¢¥2 089 F W AND

€'v2¥9'2.S 8'72¥208S 6'72¥9'285 ¥'SyF6°0€0 0'L¥¥2°2801 6'0¥F2'ee0l v L¥F8°2€01 F.wo ‘AgOL

(F'o-1'0) 20 (¢o-00) L0 (c0-00) L0 (€0-1'0) L0 (€'0-1'0) L0 (¢'0-00) L0 (¢'0-00) L0 1% ‘AHAM

6'LF0°08 6'LFL0E 6'LF1°0¢ 6'LFL0E 6'LFL0g 8’ LFL'0¢ 6'LFL0g 1% AAM

8 IFI'8E 0'2FL8¢ 0'2¥.'8¢ 0'2¥5'8¢ 6'179°8¢ 0'2¥8'8¢ 0'2¥.'8¢ 1% AND

6'2F1'89 6'2¥8°'89 0°€¥8'89 2'€¥9°'89 6'2F.'89 0'€¥6'89 0'€¥8'89 1% ‘NGOL
sainsesw uleiq |4\

(oo (oo (ot ©o 1L (1o L (oo (0ot sjue|nfeoonuy

(¢ L (7'v) 02 (G2 ol (67¢) €6 (e¢) oe (87¢) 617 (67¢) €6 Buuemol-pidr

(981) L& (eob) ¥9I () L2 (v'6) 822 (0L1) ool (I2) 16 (v'6) 822 onsgelpiuy

(2 ov) 18 (6°22) evv (G91) vOl (092) 829 (e72€) €62 (v'81) ge2 (0'92) 829 anisuspedAynuy
(661=u) (g8g1=u) (629=U) (822=U) (2o6=u) (8L21=u) (etye=u) sonsuslorIRYD

«19A9 YBIH  ,|9AS] wnIpayl x1oA9] Mo JU/BN0'822  ,w/BX6°L2-072 ;W/B0ve> lelol
HHM InNg

panunuod | 9|qeL

Zhou Q, et al. Stroke & Vascular Neurology 2024;0. doi:10.1136/svn-2023-003045


http://svn.bmj.com/

Table 2 Difference in brain volumes and brain ageing years in BMI groups of different age groups

Mean brain volume, cm®t

Years of brain ageingt

MRI brain BMI: BMI: 24.0- BMI: BMI: 24.0- BMI:
Age group, year N measures* <24.0kg/m? 27.9kg/m? >28.0kg/m? 27.9kg/m? >28.0 kg/m?
<60 1112 TCBV 1049.46 1052.46 1048.05 -1.0 0.5
GMV 588.97 589.10 586.73 -0.1 1.6
WMV 460.49 463.36 461.32 -1.7 -0.5
WMHV 1.29 1.87 2.65 1.9 45
60-64 571 TCBV 1035.02 1030.62 1031.80 1.4 1.1
GMV 580.60 577.58 576.97 2.2 2.6
WMV 454 .42 453.05 454.84 0.8 -0.3
WMHV 2.19 2.90 3.21 2.4 3.4
>65 730 TCBV 1006.98 1004.45 1002.43 0.8 1.5
GMV 568.92 567.22 564.63 1.2 3.1
WMV 438.05 437.24 437.80 0.5 0.1
WMHV 5.38 6.17 6.32 2.6 3.1
All participants 2413 TCBV 1033.33 1032.80 1029.78 0.2 1.2
GMV 580.93 579.80 577.66 0.8 2.4
WMV 452.40 453.00 452.12 -0.4 0.2
WMHV 2.74 3.40 3.96 2.2 4.0

*Expressed by residual method.

TAdjusted for age, sex, current smoking, current drinking, ethnicity and educational level.
FCalculation of years of brain ageing is based on regressing each brain volume onto age at MRI, where the slope is the estimate
of the change in residual adjusted brain volume per year of age (TCBV=-3.0505xage; GMV=-1.3832xage; WMV=-1.6673xage;

WMHV=0.3015xage).

BMI, body mass index; GMV, gray matter volume; TCBYV, total cerebral brain volume; WMHV, white matter hyperintensity volume; WMV, white

matter volume.

to ICV compared with those with low levels of both BMI
and WHR (online supplemental table 10).

Mediating effect of cardiometabolic and inflammatory
measures

Online supplemental table 11 showed the mediation
effect of cardiometabolic and inflaimmatory measures
on the relationship between obesity indices and brain
volumes. The proportion of the effect of WHR on GMV
jointly mediated by all mediators was 78.70% (95% CI
4.60% to 99.70%, p<0.001). Furthermore, the combined
mediation effect of all markers on WHR-WMHV was
35.50% (95% CI 21.90% to 51.90%, p<0.001). Similar
results were observed when MRI brain measures were
reported by proportion (online supplemental table
12). We also observed an association between CVAI and
WMHY, with approximately 10% of the mediation effect
attributed to DBP and SBP (online supplemental tables
13 and 14).

DISCUSSION

Higher BMI and WHR were associated with prema-
ture brain ageing and brain volume impairment in this
population-based cross-sectional investigation. Note
that WMHV and GMV in high-BMI and high-WHR

populations displayed brain ageing 4 years earlier than
normal BMI (BMI<24kg/m?) or low WHR populations.
This study contributes to quantifying the effect of cardi-
ometabolic and inflammatory factors in the association
between obesity and brain volume in middle-aged and
older residents.

Substantial research suggests that obesity may accel-
erate the ageing process, induce neurodegenerative
lesions, affecting global cognitive function, psychomotor
speed and memory.?®*” Changes in brain volumes could
lead to brain age gaps,4 and ageing could ultimately cause
cognitive dysfunction by destroying brain elasticity.” ** In
our study, participants older than 65 years with central
obesity (WHR>1.0) and overall obesity (BMI>28.0 kg/mg)
exhibited brain ageing, as indicated by changes in GMV
according to increases of 3.1 and 4.6 years, respectively.
In the LIFE study, elevated WHR independently related
to lower GMV in a multimodal network that negatively
correlated with ageing and memory function.?” In combi-
nation with their findings, our results indicated that
obesity appeared to affect brain ageing as represented
by GMV in participants over 65 years of age, while brain
ageing as represented by WMHV was more pronounced
in obese people under 65 years of age. This suggested that
a single measure of obesity may be sufficient to assess the
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Table 3 Difference in brain volumes and brain ageing years in WHR groups of different age groups

Mean brain volume, cm®t

Years of brain ageingt

MRI brain Low level Medium level High level Medium level High level
Age group, year N measures* WHR$§ WHR$§ WHR$§ WHR$§ WHR$§
<60 1112 TCBV 1051.18 1050.42 1047.21 0.3 1.3
GMV 590.48 588.21 586.83 1.7 2.7
WMV 460.70 462.22 460.38 -0.9 0.2
WMHV 1.39 1.73 2.1 1.1 2.4
60-64 571 TCBV 1030.53 1034.42 1031.25 -1.3 -0.2
GMV 578.32 580.23 573.86 -1.4 &3
WMV 452.21 45419 457.39 -1.2 -3.1
WMHV 2.10 2.58 3.51 1.6 4.8
>65 730 TCBV 1007.15 1005.05 1006.00 0.7 0.4
GMV 569.52 568.17 563.26 1.0 4.6
WMV 437.63 436.88 442.74 0.4 -3.0
WMHV 5.37 5.93 5.53 1.9 0.5
All participants 2413 TCBV 1033.10 1032.84 1031.45 0.1 0.5
GMV 581.36 580.21 576.40 0.8 3.7
WMV 451.74 452.63 455.05 -0.5 -2.0
WMHV 2.75 3.21 3.40 1.6 2.2

*Expressed by residual method.

TAdjusted for age, sex, current smoking, current drinking, ethnicity and educational level.
FCalculation of years of brain ageing is based on regressing each brain volume onto age at MRI, where the slope is the estimate
of the change in residual adjusted brain volume per year of age (TCBV=-3.0375xage; GMV=-1.3579xage; WMV=-1.6796xage;

WMHV=0.2963xage).

§WHR groups: low level: <0.85 (female), <0.90 (male); medium level: 0.85-1.00 (female), 0.90-1.00 (male); high level: >1.00 (female), >1.00

(male).

GMV, gray matter volume; TCBYV, total cerebral brain volume; WHR, waist-hip ratio; WMHV, white matter hyperintensity volume; WMV, white

matter volume.

impact on brain ageing in middle-aged and older adults
of different age groups.

The association between obesity and differences in
brain volume is controversial at present.”’ Higher BMI
and WHR were found to be associated with smaller
GMV but not with WMV in the UK Biobank study,”
contradicting a small-sample study that found morbid
obesity was associated with white matter atrophy.” In the
IDCD study, researchers failed to observe an association
between obesity and total GMV among type 2 diabetes
participants.”® However, in our study, we found associ-
ations between BMI, WHR, WMHV and GMV, medi-
ated by cardiometabolic and inflammatory factors. This
suggested central obesity may closely relate to GMV and
WMHYV, warranting attention for metabolic and inflam-
matory abnormalities, especially in glucose metabolism
and blood pressure. Several factors cause these differ-
ences. First, race may influence diet and ethnic genetics,
potentially affecting outcomes. Second, sample size,
population sources, age distribution, imaging methods
and indicator definitions may affect extrapolation across
studies. Third, metabolic diseases that cause abdominal
fat accumulation could render central obesity assessment
more significant for older adults.

Obesitymay playasignificantrolein energyandsubstrate
metabolism as well as systemic and tissue-specific inflam-
mation.” We focused on critically important cardiomet-
abolic and inflammatory indicators related to glycolipid
metabolism, leucocyte and neutrophil count, since they
are easier to collect in clinical practice and may be over-
looked by investigators.34 Generally, obesity was consid-
ered to be related to fatty liver disease, insulin resistance
and type 2 diabetes.”> BMI was directly linked with total
leucocyte count and neutrophil count among apparently
healthy and non-smoking men in ACLS study,36 which in
turn may be associated with slower processing speed.37
Previous studies suggested that the association between
obesity and dementia was mediated through metabolites,
inflammatory cells and structural brain abnormalities.”®
One conceivable explanation is that obesity induces
more aberrant cardiometabolic and inflammatory reac-
tions,39 which could then lead to poorer maintenance of
brain volume and structure.* However, investigations on
the mediation analysis of the relationship between BMI,
WHR and brain volume in Asian populations are limited.
We found that FPG and HOMA-IR mediated glucose
metabolism by 45%-60%, followed by blood pressure
and inflammatory cell count. Multiple cardiometabolic
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and inflammatory measures mediated the association of
WHR with GMV or WMHYV by 1.3- to 1.5-folds compared
with an individual mediator. Our findings supported the
hypothesis that abnormal cardiometabolic and inflam-
matory processes could mediate the association between
central obesity and brain volume variations.

Obesity is a major threat to public health. Our findings
on obesity and brain volumes suggested that maintaining
a lower BMI and WHR may protect brain structure. A
small sample study of 50 extremely obese adults found
that losing weight could result in increased GMV and
WMV,* emphasising the importance of obesity as a modi-
fiable factor in brain volume and supporting the findings
of our study. In addition, cardiometabolic and inflamma-
tory factors can partially explain the relationship between
different types of obesity and brain volume differences,
further investigation is needed to explore other mecha-
nisms and pathways.

There are limitations in the present study. First, poten-
tial selection bias was unavoidable as the study was
conducted in rural communities and excluded nearly
one-fifth of the population due to unavailable data.
Second, the cross-sectional design prevents determining
causation. A further longitudinal investigation with repre-
sentative participants is needed to confirm the findings.
Third, our study sample was generally older, the effect
of obesity in early life or in middle age on brain volume
cannot be explored. Finally, the findings are limited to
the Chinese Han population in rural areas and may not
apply to other ethnic groups or populations.

CONCLUSIONS

BMI and WHR were associated with lower GMV and
higher WMHY, potentially accelerating brain ageing by 4
years. In Chinese middle-aged and older people, 78.70%
and 35.50% of cardiometabolic and inflammatory factors
mediated the relationship between WHR and GMV or
WMHYV. Our findings suggested that normal BMI and
WHR may preserve brain anatomy, with cardiometabolic
and inflammatory measures mediating this effect.
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