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The mediating role of prefrontal cortex volume in the association between

long—term exposure to air pollution and the incidence of type 2 diabetes
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Department of Epidemiology and Health Statistics, West China School of Public Health/West China Fourth Hospital, Sichuan
University, Chengdu, Sichuan 610041, China

Abstract: Objective To investigate the mediating effect of prefrontal cortex volume in the association between long—term
exposure to air pollution and the incidence of Type 2 Diabetes (T2DM), providing a basis for alleviating the burden and
understanding the etiology of T2DM. Methods Utilizing data from the UK Biobank cohort, we analyzed the relationships
among four air pollutants, eight prefrontal cortex volumes, and T2DM using multiple linear regression and logistic regression
models. A multiple mediation analysis was conducted to estimate the overall mediating effect of the eight prefrontal cortex
volumes. Results A total of 26 624 participants were included in the study, with a T2DM incidence rate of approximately
2.0%. There was an overall negative correlation between air pollutant concentrations and prefrontal cortex volume. Increased
concentrations of air pollutants were associated with a higher risk of T2DM; specifically, for every 1 standard deviation
increase in PM,5 concentration, the odds ratio (OR) (95% confidence interval [CI]) was 1.062 (1.003-1.159). Decreased
volumes of the right medial prefrontal cortex, left superior frontal gyrus, bilateral orbital frontal cortex, and right frontal pole
were associated with increased T2DM risk, with OR  (95%CI) values of 0.869 (0.755-0.949), 0.808 (0.745-0.925), 0.897
(0.815-0.988), 0.823 (0.738-0.917), and 0.881 (0.796—-0.974), respectively. The volume of the prefrontal cortex mediated the
association between the four air pollutants and T2DM risk. Conclusion The study indicates that increased air pollutant
concentrations elevate the risk of T2DM, and prefrontal cortex volume may serve as a significant mediating factor in the
relationship between air pollution and T2DM. Reducing exposure to air pollutants and targeted interventions addressing
factors affecting brain vitality, such as sleep and exercise, may effectively prevent the occurrence and progression of T2DM.
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Table 1 Basic characteristics of the study subjects [ n=26 624, (x +s),n(%) ]

FEIE BONHE(n=26 624) 4E T2DM (=26 078) T2DM(n=546) Py
AR () 55.08 +7.46 55.03 +7.46 57.46 +7.22 <0.001
PE5
Eeqds 13 549 (50.9) 13355 (51.2) 194 (35.5) <0.001
T 13 075 (49.1) 12723 (48.8) 352 (64.5)
PEA LG
kg 26517 (99.6) 25973 (99.6) 544 (99.6) 0.831
piN = 17 (0.1) 17 (0.1) 0(0.0)
BUR 90 (0.3) 88 (0.3) 2(0.4)
HE K
P N 12 615 (47.4) 12 448 (47.7) 167 (30.6) <0.001
T R LR 13 965 (52.5) 13 589 (52.1) 376 (68.9)
NI 44(0.2) 41(0.2) 3(0.5)
FEEAFWA (B8 )
< 31000 8 067 (30.3) 7 830 (30.0) 237 (43.4) <0.001
=31 000 16 651 (62.5) 16 384 (62.8) 267 (48.9)
AN RE 1906 (7.2) 1864 (7.1) 42 (7.7)
Al
F 3t 19 165 (72.0) 18 824 (72.2) 341 (62.5) <0.001
# Bl 7318 (27.5) 7118 (27.3) 200 (36.6)
NERE 141 (0.5) 136 (0.5) 5(0.9)
AR
TEK 25 549 (96.0) 25037 (96.0) 512(93.8) 0.001
MARARIG 584 (2.2) 563 (2.2) 21 (3.8)
T 486 (1.8) 474 (1.8) 12 (2.2)
NIHRE 5(0.0) 4(0.0) 1(0.2)
AR DL
TE 1594 (6.0) 1546 (5.9) 48 (8.8) <0.001
MR AR 16273 (61.1) 15994 (61.3) 279 (51.1)
TR 8723 (32.8) 8 505 (32.6) 218 (39.9)
AN 34(0.1) 33(0.1) 1(0.2)
BMI(kg/m’) 2641+ 4.04 2632 +£3.97 30.48 +5.04 <0.001
AT 135 By
=1 10 704 (40.2) 10 498 (40.3) 206 (37.7) 0.013
h 11191 (42.0) 10 974 (42.1) 217 (39.7)
ik 4729 (17.8) 4606 (17.7) 123 (22.5)
PM,5(pg/m’) 9.91+1.05 9.91+1.05 10.01 £ 1.05 0.038
PM (pg/m’) 16.00 + 1.87 16.00 + 1.86 16.26 +2.04 0.001
NO(pg/m’) 2577 £7.34 25.76 +7.34 26.33 £7.49 0.072
NOx(g/m®) 42.62+14.76 4259 £ 14.73 44.03 £ 16.01 0.024
N AR T Bz AR (A2, mm?) 2413.21 +400.32 2 414.77 + 400.47 2338.77 +386.35 <0.001
AT I B SBOAFR (£, mm?) 2420.00 +407.21 2421.54 +407.28 2346.51 £ 397.66 <0.001
A5 R TR (A, mm?®) 1931.77 £317.37 193331 £317.48 1857.90 = 303.74 <0.001
B M AR (A7, mm?) 1715.77 +300.27 1716.59 +299.81 1676.59 +319.64 0.002
N5 Bz AR (22, mm?) 8 482.78 +917.05 8 487.82 +916.39 8241.94+916.82 <0.001
HEZ B AR (A7, mm?) 7 726.68 + 850.15 7 730.90 + 850.24 752477 £821.72 <0.001
A AR (7, mm*) 29 723.99 +2 785.83 29 739.25 +2 782.42 28 995.29 + 2 853.19 <0.001
B AFR (A7, mm?) 33 688.31 = 3 060.63 33707.67 =3 061.46 32763.53 +2875.18 <0.001
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Table 2  Associations between air pollutants and prefrontal cortex

KETGRY U EEIEAN 1 A SD BTt iy B {8

AT BT AR
PM,5 PM,o NO, NOy

PR B AR R (72 -4.505" -3.141" -3.617" -4.590"
P B BARFR (A7) -6.321" -3.277" -5.352" -7.273"
B KRR (AE) -2.707" -4.802" -3.822° -4.426™
s KRR () 0.507 1.883 0.066 -1.010"
MIE 5 e AR (2 ) ~7.655" —9.768" -13.569” -14.795
HIE 5 e AR (7)) —12.442° -10.113" -12.148 -12.769"
AR -58.686™ -38.553° -63.911° -59.723"
FLAARF (A7) —45.177" ~37.049° -61.054™ -63.003"
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Table 3  Associations among air pollutants, prefrontal cortex and

T2DM
A OR {H(95%CI) P8
R
PM,s 1.062(1.003 ~ 1.159) 0.044
PM,, 1.116(1.026 ~ 1.214) 0.010
NO, 1.083(1.004 ~ 1.184) 0.022
NOg 1.091(1.002 ~ 1.189) 0.040
A
PO T B AR (ZE)  0.944(0.860 ~ 1.037) 0.213
PN T R BAARBL (A7) 0.869(0.755 ~ 0.949) 0.042
A B ARRR (AE) 0.808(0.745 ~ 0.925) 0.020
i B AR ) 0.924(0.851 ~ 1.113) 0.168
NEEA9 Rz ST AR AR () 0.897(0.815 ~ 0.988) 0.011
MRS Rz ST A FR (A7) 0.823(0.738 ~ 0.917) 0.020
B AATR (A2 0.909(0.824 ~ 1.003) 0.057
B AATR (A7) 0.881(0.796 ~ 0.974) 0.013

T RGP MR/ BRI B AR B RE In— > SD IF 52

T2DM %95 OR {EH1 95%CI .

2.4 KAFHEM — WA R RARAR -T2DM 8 F 4~

o 1 BRI BRI T AR RE
YuW) 5 T2DM A5 KU Y OCHK . iZ A B 1 PM,s—
B M B2 AR B —T2DM \PM,— i %40 M- 2 iR A7
-T2DM .NO,- Fi &t & FifAF -T2DM K& NOx-— Hif i
M B AR —T2DM 3 i o B R T 6.7% .4.5% .
5.0% .5.4% IR
3 it

AT ST EAE PR TS, IR TR
1Y R ER S T2DM GBI g is, A BURA TS
JuK 2R 58 54 R AT AU Bz AR 2 A7 ]
HEE A5 B2 o (AR P A S5 i 3 iz AR Bl N e ¥
e BEXE I R R AR K SR FRE N AT ff T2DM
sy = T N1 T A R N AR s S
PM,5.PM,,.NO,.NOx 5 T2DM Z [A] {6 % , HiXFh
FRRETG YRR, Hd PM,s A E
FH o ek

T2DM & — S LB R 35 52 61k 2 ZERRAE AR
PR , 8 5 N PEAE = B AR DG, PM,s 4575 4L
Yyl S SN 2 R G5 | kT B R, [FIHE
WIZEET PM, NO, 575 e 2 il R G PEARE R AE
FAEACREEY, 3%k T2DM &A= B fig BLEL Rl . BR T
ZLBLIN RAEIRIRAL , KI5 G 0 B B2 V-
ACAE AT B 2 i A I 28 R SR 3L B TR BRI — A
il 4 BY IR 2 BT, e A —BERfF oY R R R T A
YHATUR ) 5 R 5 R AT AT O

AT G 45 FEHE 7R A B SO AR AR T B
T RIS YY S T2DM Ik URD RS I5 e S
ST K BUAR R U OCOC R, Hirr  PMys
NOx 5 /\ANRAT I 7 B AR 35 5 6 R 56 HL G 52

it



PRI BE2F 2025 4E58 52 48255 11 ] Modern Preventive Medicine, 2025, Vol. 52, NO. 11

- 2105 -

BIEH ERE
(k=8)

NIE
1.009(1.003~1.014)

Ao TEL e, T

PIEAMH R ERE
(k=8)

NIE*
1.004(1.001~1.009)

v fAl=4. 5%

PM, 5

v

TIDM

NDE*

PMu T2DM
NDE*

1.126(1.023~1.236)

BIEiH ERE
(k=8)

NIE*
1.004(1.001~1.008)

L fA=5. 0%

1.101(1.014~1.209)

B ERE
(k=8)

NIE*
1.005(1.001~1.010)

AL =5, 4%

NO, T2DM
NDE*

NOx T2DM
NDE*

1.071(1.001~1.172)

1.086(1.006~1.172)

7 :NDE I NIE 33138 AR ELHERIRIEIUN. OR(95%CT) ;" #r’k P<0.05.
B 1 RAIGHA) - Tt j BUAF ~T2DM i /800

Figure 1 The mediation effect of air pollutants—prefrontal cortex=T2DM
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