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Impact of short-term exposure to nitrogen dioxide on vascular endothelial function
in elderly residents of Shanghai
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[Abstract] Objective:To investigate the effects of nitrogen dioxide (NO,) exposure timing and concentration on vascular
endothelial dysfunction (VED) in elderly individuals using flow-mediated dilation (FMD) technology. Methods* A cross-sectional
study was conducted among elderly participants who underwent FMD testing at Tongren Hospital, Shanghai Jiao Tong University
School of Medicine, between 2020 and 2022. All participants completed detailed questionnaires and clinical examinations, including
demographic characteristics, lifestyle factors, and medical history. Individual NO, exposure levels were obtained by matching
residential addresses with pollution data grids from the Tracking Air Pollution in China (TAP) platform. Generalized additive models
combined with distributed lag non-linear models (DLNM) were employed to analyze the impact of NO, on FMD and VED, with
adjustments for meteorological factors, individual characteristics, and health status as potential confounders. Results* A total of 8§12
eligible participants were included after rigorous screening. The results demonstrated that NO-2 exposure was significantly associated
with decreased FMD at lag days 1, 2, and 5 (P=0.003, P=0.034, P=0.022), while the risk of VED increased significantly at lag days
5 and 6. Cumulative effect analysis revealed a significant dose-response relationship between NO, concentrations (35-85 pg/m?®) and
FMD reduction (P<0.05). Subgroup analysis indicated that participants without dyslipidemia or a history of coronary artery disease
(CAD) were more susceptible to short-term NO, exposure. Conclusion- This study systematically revealed, for the first time, that
short-term NO, exposure has a negative impact on vascular endothelial function in elderly individuals, exhibiting distinct temporal

E£WA] Lm0 E Al (JYYIXYS20240821)

BIEMEE] 20, BRI, M2z, W5 B7{EM: 732004312@shsmu.edu.cn,

Funding Information] The Two-Hundred Talent Program of Shanghai Jiao Tong University School of Medicine (JYYJXYS20240821).
Corresponding Author] JIANG Qixia, E-mail: 7320043 12@shsmu.edu.cn.

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE) Vol.45 No.12 Dec. 2025



RS RN LT A e | 1621

P ARAS,

patterns and concentration thresholds. NO, exposure within 1—-6 d significantly impaired endothelial function, with the most
pronounced effects observed on day 5. Notably, clinically "healthy" elderly individuals (without hyperlipidemia or CAD)

demonstrated higher susceptibility. These findings not only support the critical role of NO, in vascular endothelial injury but also
provide important evidence for elucidating the mechanisms by which air pollutants contribute to cardiovascular diseases through
vascular dysfunction. The study holds significant implications for developing targeted air pollution prevention strategies for the

elderly population.
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Tab 1 Baseline characteristics of the study participants

Population characteristic Overall (n=812)

2025,45(12)

PERI+HI A+ AR+ 225 (IRRRRHER) 5 B 3 i —
PRSPPI [CVD Z% S+ L HBE PR+ LA 57
ARSI KR (coronary artery disease, CAD) ],
TERAE 45 lag day WU 241 73 Js, R EE LB #1753
JE 53 BT LA e S B R 2R A 2

A Ge 53 BT 45 % Fl RStudio (4.1.2 ) #4F5¢
B G TR0 I8 B xts £m, AFFAIE
S AEREGE M (0, 0,) Fox: EMEIEN
n(%) FR. P<0.05F/REFEAGITFE L.

2 ER

2.1 SEEREEAE S WY

AP B2 A FFAATERNZIAE . Wk 1R,
VED# (n=634) “F-YJ4EIEH 68.94% , H.FMD -}
B4 3.60%, BFEETIAEVEDAR 7.30% (%41
% 71.08 %, P<0.001). MEulsrAids, VEDZ L
PN 57.4%, TR VED 4l ot il i i i, 1k
73.6% (P<0.001, 1), 99 AZikE /0 AF it 43
VLA 1,

FMD/% 420 (2.80, 5.62)
Age/year 70.61+5.43
Gender/n(%)

Female 495 (61.0)

Male 317 (39.0)
Smoking/n(%)

No 704 (86.7)

Yes 108 (13.3)
Drinking/n(%)

No 714 (87.9)

Yes 98 (12.1)
Hypertension/n(%)

No 117 (14.4)

Yes 695 (85.6)
Diabetes/n(%)

No 658 (81.0)

Yes 154 (19.0)

Dyslipidemia/n(%)
No

Yes

448 (55.2)
364 (44.8)
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Non-VED (n=178) VED (n=634) P value
7.30 (6.53, 8.47) 3.60 (2.40, 4.60) <0.001
71.0845.68 68.94+4.03 <0.001
<0.001

131 (73.6) 364 (57.4)

47 (26.4) 270 (42.6)
0.041

163 (91.6) 541 (85.3)

15 (8.4) 93 (14.7)
0.119

163 (91.6) 551 (86.9)

15 (8.4) 83 (13.1)
0.157

32 (18.0) 85 (13.4)

146 (82.0) 549 (86.6)
0.481

148 (83.1) 510 (80.4)

30 (16.9) 124 (19.6)
0.189

90 (50.6) 358 (56.5)

88 (49.4) 276 (43.5)

Vol.45 No.12 Dec. 2025



Y
x

APARAS,

S

Population characteristic Overall (n=812)

CAD/n(%)
No 736 (90.6)
Yes 76 (9.4)
CVD/n(%)
No 790 (97.3)
Yes 22(2.7)

CVD family history/n(%)

No 652 (80.3)

Yes 160 (19.7)
Season/n(%)

Spring 190 (23.4)

Summer 229 (28.2)

Autumn 133 (16.4)

Winter 260 (32.0)

31.8°N-

31.6°N-

31.4°N-

31.2°N-

31.0°N-

30.8°N-

120.8°N 121.0°N 121.2°N 121.4°N 121.6°N 121.8°N 122.0°N 122.2°N
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Continued Tab
Non-VED (n=178) VED (n=634) P value
0.357
165 (92.7) 571 (90.1)
13(7.3) 63(9.9)
0.490
175 (98.3) 615(97.0)
3(1.7) 19 (3.0)
1.000
143 (80.3) 509 (80.3)
35(19.7) 125 (19.7)
0.178
41 (23.0) 149 (23.5)
59 (33.1) 170 (26.8)
21 (11.8) 112 (17.7)
57 (32.0) 203 (32.0)
A B
Lag0 Lagl Lag2 Lag3
100+ ! I I I
| | | |
751
50
251
0
Lag4 Lag5 Lag6 Lag7
100 F | | | |
| |
@ 751
E
[S) 50
O
25+
0
Lag8 Lag9 Lagl0 0 50 100
100 f ! : '
| | |
75
50
25+
0 h |
0 50 100 0 50 100 O 50 100

NO, concentration/(pg-m™)

Note: A. Geographic distribution of the study participants in Shanghai. B. Ambient NO, concentrations (ug+m™) from lag 0 to lag 10 days.

B1 ZRXEWNZESHSNO,REKTE

Fig1 Geographical distribution of the study participants and ambient NO, concentration levels
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2.2 NOX FMD FiI VED (93545 308 53 Br

W TR A AR S, X R AR IR AL
(Lag0: —21.40%, 95%CI -39.13%~-3.67%; Lagl:
-26.87%, 95%CI -44.34%~-9.40%; Lag2: -19.53%,
95%CI —37.62%~—1.44%; Lag5: —19.64%, 95%CI
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Tab 2 Percentage change in FMD and risk of VED for every IQR increase in NO, concentration (95%CI)

2025,45(12)

Item Model 1 P value Model 2 P value Model 3 P value
FMD
Lag0/% -18.00 (-32.56, -3.44) 0.015 -20.99 (-38.71, -3.27) 0.020 —-21.40 (-39.13, -3.67) 0.018
Lagl/% —-19.49 (-34.03, -4.95) 0.009 —26.40 (-43.83, -8.96) 0.003 -26.87 (-44.34, -9.40) 0.003
Lag2/% -14.86 (-29.48, -0.24) 0.046 —-18.78 (-36.85, -0.71) 0.042 —-19.53 (-37.62, -1.44) 0.034
Lag3/% -12.30 (=26.99, 2.39) 0.101 -17.20 (-35.56, 1.16) 0.066 -18.14 (=36.52,0.24) 0.053
Lag4/% —-8.86 (-23.81, 6.08) 0.245 -14.18 (-32.17, 3.81) 0.122 -15.05 (-33.10, 3.00) 0.102
Lag5/% -15.87 (-30.63, -1.12) 0.035 —18.49 (-35.28, -1.69) 0.031 -19.64 (-36.48, -2.81) 0.022
Lag6/% -12.94 (-27.78, 1.90) 0.087 -14.82 (-32.36, 2.72) 0.098 —-15.93 (-33.49, 1.63) 0.075
Lag7/% -9.43 (-24.09, 5.24) 0.208 -10.54 (-27.70, 6.62) 0.229 -11.96 (-29.14, 5.23) 0.173
Lag8/% —-11.50 (-26.28, 3.27) 0.127 —-12.08 (-28.82, 4.66) 0.157 -13.48 (-30.21, 3.25) 0.114
Lag9/% -8.13 (-22.77, 6.50) 0.276 -6.73 (-23.45,9.99) 0.430 -8.07 (-24.82, 8.67) 0.345
Lagl10/% -6.19 (-20.77, 8.39) 0.405 -6.53 (-23.36, 10.30) 0.447 ~7.55 (-24.44, 9.34) 0.381
VED

Lag0 1.21 (1.04, 1.41) 0.014 1.26 (1.04, 1.53) 0.019 1.27 (1.05, 1.55) 0.016
Lagl 1.13(0.97, 1.31) 0.111 1.17 (0.97, 1.42) 0.106 1.18 (0.98, 1.44) 0.092
Lag2 1.11 (0.96, 1.29) 0.166 1.14 (0.94, 1.39) 0.189 1.15 (0.94, 1.40) 0.169
Lag3 1.12(0.97, 1.31) 0.139 1.17 (0.96, 1.43) 0.122 1.18 (0.97, 1.45) 0.107
Lag4 1.06 (0.91, 1.23) 0.448 1.10 (0.90, 1.33) 0.339 1.11 (0.91, 1.35) 0.300
Lag5 1.20 (1.03, 1.40) 0.020 1.26 (1.04, 1.51) 0.015 1.27 (1.05, 1.53) 0.013
Lag6 1.16 (0.99, 1.35) 0.061 1.20 (0.99, 1.46) 0.066 1.22(1.01, 1.49) 0.045
Lag7 1.04 (0.90, 1.21) 0.603 1.03 (0.85, 1.24) 0.759 1.04 (0.86, 1.26) 0.687
Lag8 1.14 (0.98, 1.33) 0.093 1.18 (0.98, 1.41) 0.075 1.19 (0.99, 1.43) 0.064
Lag9 1.07 (0.92, 1.24) 0.374 1.05 (0.88, 1.26) 0.594 1.06 (0.88, 1.27) 0.534
Lagl0 1.03 (0.88, 1.19) 0.701 1.02 (0.85, 1.22) 0.830 1.03 (0.85, 1.24) 0.759

Note: Model 1—none; Model 2—adjusting for age+gender+smoking+drinking+season; Model 3—Model 2+CVD family history+hypertension+diabetes

mellitus+dyslipidaemia+CAD+CVD. CVD—cardiovascular disease; CAD—coronary artery disease; IQR—interquartile range; C/—confidence interval.

PR 0.12%  (95%CI - 0.20%~ — 0.04%) 1 0.18%
(95%CI -0.26%~-0.09%) . ¥ J5 B[]k 7 d 5
BN T S O R T AR E . IR EIR,
NO, % (1~5d) 5FMD & f[a 68, FIHNO, A
2 5 JE B0 H NI 2 T I 1 D9 Bz T Tk D R
TEVE AL T A BEE A 5 J5, NO, %585 VED K
R 4 1 35 M OCHRATS SR A7 72 (Lag0: OR=1.27, 95%CI
1.05~1.55; Lag5: OR=127, 95%CI 1.05~1.53;
Lag6: OR=122, 95%CI 1.01~1.49) ., % F VED X%
F Lag5 R M 5 W 3 A ge it 22 i ), FR AT o [
Lag4. Lag5 fll Lag6 iX 3/4~Af [R5, RGE0HT I A
NO, 2 K-V X%} VED B2 fE g (K3A) . 4R ExR
NO, ¥ F£ 5 VED KU ) #i J 2007 5 B LAY 48 3R
WEH” FFAF. 7 LagO~Lag2 BrBL, WEmsA LT, B
Je 1B 11V BT . X — BN NO, 2 77 4] 1L
BN D ReRE R VR R 2R R, RS
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Change of FMD
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-0.5

0 10 20 30 40 50 60 70 80 90 100110120130 0 10 20 30 40 50 60 70 80 90 100110120130 0 10 20 30 40 50 60 70 80 90 100110120130
NO,/(ng-m™)

Change of FMD

Lag/d

Note: A. The impact of NO, exposure on FMD in Lag4, Lag5, and Lag6. B. Impact of fixed levels of NO, (35, 60, and 85 p g/m*) on FMD from Lag0 to
Lagl0.

E2 EENO,RESEEMEREX FMD B MmX &
Fig2 Correlation between fixed NO: levels and fixed lag days on FMD

Risk of VED

0 10 20 30 40 50 60 70 80 90 10011012013

0 10 20 30 40 50 60 70 80 90 10011012013
NOy/(ng-m™)

0 10 20 30 40 50 60 70 80 90 10011012013

Risk of VED

Lag/d

Note: A. Varying effects of NO, exposure on VED at Lags 4, 5, and 6. B. Impacts of fixed NO, concentrations (40, 60, and 80 ug/m’) on VED from Lag0 to
Lagl0.

E3 EENO,RESHEMGREI VED B KBS
Fig3 Association between fixed NO, levels and fixed lag days on VED
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Overall effect of NO, exposure

Change of FMD
f=]

-2+

-4 +

20 40 60 80 100 120
Concentration of NO,/(ug-m™)

2025,45(12)

Change of FMD

Note: A. Cumulative impact of brief exposure to NO, on FMD. B. Overview of the correlation between NO, concentration and FMD shifts from Lag0 to

Lagl0, as provided by the 3D model.
4 NO,ZHRFTEX FMD f00H) RPN K = 4R 5

Fig4 3D model and cumulative impact of short-term NO, exposure on FMD

2.3 AL HTES R

T Lags MW 2H 43 M ik /s 7 FMD 1) RFH 22 =
(I 5A) . WFGE & BLAE L A HEXT NO, 4 1 22 57 B8k 0
B, H A5 CAD i 52 % (1) FMD T B2 42 JC CAD
WL N R E (ZEAEH P=0.007) .

il 3 Lags W21 43 BT 38 & BUAS [A) W 20 A AN TR Y

Variable Count/n Percent/% Pvalue P,
Gender | 0.217
Female 495 61.0 —t 0.110
Male 317 39.0 ’ 0.021
Smoking ' 0.871
Non-smoker 704 86.7 —— 0.024
Smoker 108 133 — 0.261
Drinking X 0.845
Non-drinker 714 87.9 —— 0.012
Drinker 98 12.1 —— 0.731
Hypertension : 0.851
No 117 14.4 —r— 0.763
Yes 695 85.6 ——1 0.006
Diabetes X 0.351
No 658 81.0 — 0.066
Yes 154 19.0 —_—— 0.033
Dyslipidemia ! 0.014
No 448 55.2 - <0.001
Yes 364 448 —— 0.924
CAD ! 0.007
No 736 90.6 - 0.001
Yes 76 9.4 — 0.031
CVD ' 0.855
No 790 97.3 -—: 0.012
Yes 22 27 ——— 0.228
CVD family history | 0.688
No 652 80.3 — 0.034
Yes 160 19.7 — 0.189
Season | 0.627
Spring 190 23.4 — 0.072
Summer 229 28.2 —-:— 0.311
Autumn 133 16.4 — 0.052
Winter 260 32.0 —— 0.668
2 0 1 2

Change of FMD

VED ZFXE: (K5B) . BFFUESEH /3 AFEAE NO, A
WIRFE R XIE TR, [HA CADYE L # 1Y VED XU 2
MK T JC CADJi s 3 (28 HAEH] P=0.018) .

UEA, I iE S5 )2 028 HAE RS B IR R ik
BN A ZE S (X HAEH P=0.014, & HAEHR P=
0.042).

B
Variable Count/n Percent/% Pvalue Py,
Gender ' 0.398
Female 495 61.0 — 0.060
Male 317 39.0 — 0.053
Smoking | 0.706
Non-smoker 704 86.7 l—— 0.018
Smoker 108 133 :—-— 0.166
Drinking \ 0.906
Non-drinker 714 87.9 I—— 0.010
Drinker 98 12.1 —— 0.576
Hypertension : 0.522
No 117 14.4 —_ 0.586
Yes 695 85.6 |—— 0.005
Diabetes X 0.670
No 658 81.0 — 0.016
Yes 154 19.0 — 0.288
Dyslipidemia : 0.042
No 448 55.2 ,— 0.001
Yes 364 44.8 - 0.726
CAD ! 0.018
No 736 906 e 0.001
Yes 76 94 ———r 0.149
CVD ! 0.159
No 790 97.3 :—-— 0.012
Yes 22 2.7 \ 1.000
CVD family history ' 0915
No 652 80.3 — 0.047
Yes 160 19.7 —— 0.049
Season | 0.260
Spring 190 234 — 0.099
Summer 229 28.2 e — 0.900
Autumn 133 16.4 —————  0.024

Winter 260 32.0 —+— 0.260
T T T T 1
0 1 2 3 4

Odds ratio for VED

Note: A. Subgroup analysis of NO, at Lag5 and FMD. B. Subgroup analysis of NO, at Lag5 and risk of VED. int—interaction.

5 THENMER
Fig 5 Subgroup analysis results
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GG PN . CAD B Z K MWMEHIMBITIE . %
Bk 3R e A il 0 o R A B sk R T 32 AR B
(angiotensin-converting enzyme inhibitor/angiotensin II
receptor blocker, ACEI/ARB) MAtIiL/MRZ5¥); XL
2yl IR S AT S RAPEONE, - DATITI S8 NO, iy 2t
fEFE . AR PG AMZE R, IF4 FMD
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