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Telomere length mediates the association between dietary n-3 PUFAs intake and cognitive function:
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[Abstract] Objective To investigate the association between dietary intake of n-3 polyunsaturated fatty
acids (n-3 PUFAs) and cognitive function in elderly individuals, and to explore the mediating role of leukocyte
telomere length. Methods A cross-sectional study was conducted using data from the 1999—2002 National Health
and Nutrition Examination Survey (NHANES). Finally, 2 228 participants who met the inclusion criteria were
analyzed. A 24-hour dietary recall interview was used to evaluate the dietary intake of n-3 PUFAs. Quantitative
polymerase chain reaction (qPCR) was used to quantify leukocyte telomere length. The Wechsler Adult Intelligence
Scale- [l Digit Symbol Substitution Test was used to measure cognitive function. Mutiple linear regression models and
subgroup models were used to analyze the association of dietary intake of n-3 PUFAs and leukocyte telomere length
with cognitive function. Restricted cubic spline analysis was used to examine the dose-response relationship of dietary

intake of n-3 PUFAs with cognitive function and leukocyte telomere length. A mediation model was established to
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analyze the mediating role of leukocyte telomere length in this relationship. Results The multiple linear regression
results showed that dietary n-3 PUF As intake (P<C0.001) and leukocyte telomere length (P=0.044) were influencing
factors of cognitive function. Restricted cubic spline model analysis revealed that dietary intake of n-3 PUFAs showed
a significant nonlinear positive correlation with cognitive function (P<C0.001), but no significant nonlinear trend was
detected between leukocyte telomere length and cognitive function (P=0.516). Subgroup analysis revealed that the
positive association between dietary n-3 PUFAs and cognitive function remained significant across all subgroups
stratified by age and gender, with no significant interaction (P<C0.001, P>0.050). The association with leukocyte
telomere length was significant only in subgroups with a history of alcohol consumption and without hypertension, with
no significant interactions across stratification variables (P>>0.050). The mediation model indicated that leukocyte
telomere length partially mediated the relationship between dietary intake of n-3 PUFAs and cognitive function, with a

contribution rate of 1.400% . Conclusion The findings indicate that leukocyte telomere length mediates the association
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between dietary intake of n-3 PUF As and cognitive function in elderly individuals.
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Table 1 Demographic characteristics of participants aged 60 and older in the 1999—2002 NHANES

FRAE Bt (n=2 228) W (n=1116) Lt (n=1112)
A (T ts, %) 70.99747.714 70.728+7.481 71.266+7.935
Pl / B (1AL, ¥0)

EVHEFE A 1374(61.670) 695 (62.276) 679(61.061)

AETGPEF B B 291 (13.061) 141(12.634) 150 (13.489)

HE VG RFR O A 433(19.434) 224(20.072) 209 (18.795)

HABFPTE 75 2 Fh i 44(1.975) 21(1.882) 23(2.068)

oA VG BEF 86(3.860) 35(3.136) 51(4.586)
BMI(T4s) 28.224+5.243 27.97344.621 28.476+5.791
G B (BB, %6)

2 1380(61.939) 863 (77.330) 517(46.493)

7 848(38.061 253(22.670) 595(53.507)
L (B, %)

S 1159 (52.020) 536 (48.029) 623(56.025)

7 1 069 (47.980) 580(51.971) 489 (43.975)
Wb (%, 20)

& 364 (16.338) 191(17.114) 173(15.558)

& 1 864 (83.662) 925(82.885) 939 (84.442)
WA s (AL, %)

2 274(12.298) 161(14.427) 113(10.162)

& 1954 (87.702) 955(85.573) 999 (89.838)
TR (B, %)

2 133(5.970) 72(6.452) 61(5.486)

41\‘ 2095(94.031) 1044 (93.548) 1051(94.514)
DB B (B %)

2 507 (22.756) 304 (27.240) 203 (18.255)

5 1721(77.244) 812(72.760) 909 (81.744)
n-3 PUFAs i A (Fts,0) 1.3620.988 1.489+1.086 1.234+0.861
20 i s K (245 0.903+0.215 0.880-0.203 0.92640.224

WA B (Z£s,43) 42.219418.520

40.598417.920

43.847418.971
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Table 2 Correlation of dietary intake of n-3 PUFAs and leukocyte telomere length with cognitive function
based on 1999—2002 NHANES

A5 EPEES PRAERIA RS WA R EhR R il PH
AL 1

n-3 PUFAs i A & (g) 2.618 0.140 0.393 6.660 <0.001

1 40 i s A B (T /S MH) 8.706 0.108 1.701 5.119 <20.001
BEAY 2

n-3 PUFAs A () 2.494 0.133 0.380 6.563 <0.001

P 200 i s A R BE (T /S fH) 3.931 0.049 1.686 2.332 0.020
IR 3

n-3 PUFAs# A& () 2.365 0.126 0.374 6.321 <£0.001

P 200 i 3 R BE (T /S fH) 3.342 0.041 1.660 2.014 0.044
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Figure 1

leukocyte telomere length, and cognitive function
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Restricted cubic spline analysis of the potential nonlinear associations between dietary n-3 PUFAs intake,

INE KBRS AT IS HEAER, WE 2A. £ 3.
A LWL 4. BEE n-3 PUFAs#EA B 5 (141
v R G R OE ) OCHE (Rl A & $=0.011,
95%CI: 0.002~0.021, P=0.020), W 214> 7 &
N, S FEAEKW S (I R $=0.017, P=
0.009) . JCw I W4l ([ H &R %0=0.016, P=
0.017) A LHE, HRAWHKKER LG I E
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Table 3 Linear regression analysis of the association between dietary n-3 PUFAs intake and cognitive function

A EIEESA a3 HEVEESA 1)1 2 BobR o iR t{H P{E
d 2.618 0.140 0.393 6.660 <0.001
P51
Bk 2.530 0.153 0.483 5.242 <0.001
Ltk 2.590 0.118 0.623 4172 <0.001
AR
60~72% 2.748 0.151 0.487 5.645 <0.001
73~85% 2.448 0.133 0.621 3.940 <0.001
i
7 2.497 0.133 0.487 5.126 <0.001
T 2.666 0.144 0.625 4.267 <0.001
1R L
2 2.482 0.132 0.539 4.607 <0.001
& 2.713 0.146 0.546 4.965 <0.001
BMI
<185 1.671 0.094 3.042 0.549 0.588
18.5~24.9 2.485 0.135 0.719 3.457 <0.001
25.0~29.9 2.386 0.117 0.662 3.604 <0.001
=300 2.902 0.167 0.628 4,619 <0.001
*4 TEMER 0.010, 95%CI: 0.001~0.020, P=0.037); Hl
Table 4 Variable assignment table B v ok B B IE A M A AT T B (KA b [IH &R
Ag AR B =3.452, 95%CI. 0.173~6.731, P=0.039) .
) =0 B k=1 W A A R B JS R n-3 PUFAs & A &
jf; 2):525:10’7“5’7‘:1 Ak A D B 1Y AR AT B (A R B =2, 459,
LE 520, o] 95%CI: 1.701~3.350, P<C0.001>; [EAl, REE
BMI <18.5=1,18.5~24.9=2,25.0~29.9=3,2>30.0=4 n-3 PUF As B A Sk 3 2 11 40 i 5 7 B2 X DA 81 273

2.3 A0 AL BE AR B n-3 PUFAs & A i 5
INAINRE X R P A VB R R i A7 P 8 4t S
A BER BT 45 R R, B n-3 PUFAs A
S OE O A R R (B AR e MIH R =

ES it B B (95% CI) XEHPHE
A% 2228 100 | 2,618 (1.846~3.389)

iR ' 0.807
60-72 1339 60.099 ] 2748 (1.793~3.703)
73-85 889 39.901 |- 2.448 (1.228~3.667)

[:35]] ' 0.595
E] 1112 49.910 |- 2530 (1.583~3.477)

% 1116 50.090 - 2590 (1.372~3.808)

"B ! 0.891
2 1380 61.939 |- 2.497 (1.542~3.453)

& 848 38.061 ! o— 2666 (1.439~3.892)

A E 0 0933
2 1159 52.020 ' 2.482 (1.425~3.539)

& 1069  47.980 |- 2.713 (1.641~3.785)

BMI ! 0.965
<185 30 1.346 ——Le——— 1,671 (-4.603~7.950)
185-249 559  25.090 | — 2.485 (1.073~3.897)
250-209 922 41382 L 2.386 (1.087~3.685)
230.0 717 32181 | - 2.902 (1.668~4.136)

-5-3-101 3 57 9
FalRL napk:is

®

AE Y M) 200 e 2 (RN (E =0. 035, 95%CI:
0.001~0.090, P=0.046), [a] 4% W &5 & %0 /Y
1.400% . DA 25 R4S, A0 A o kL K B2 7E i B
n-3 PUFAs £& Attt 5 1A 5 J) fig Z (8] & #2358 55 4
ER . W6, K3,

i it B 8 (95% CI) XEPHE

B¥ 2228 100 - 0.011 (0.002~0.021)

iR ' 0.877
60-72 1339 60.099 bt 0.010 (-0.001~0.022)

73-85 889  39.901 ¥ 0.014(-0.003~0.031)
g3} ' 0.882
L] 1112 49910 fe 0.012(0.000~0.024)
kS 1116 50.090 v 0.011(-0.005~0.026)
Rl , 0.187
2 1380 61.939 #=  0.017 (0.004~0.029)
ES 848 38.061 I 0.003 (-0.012~0.018)
BmE ' 0.695
2 1159 52.020 - 0.006 (~0.007~0.020)
& 1069  47.980 f 0.016(0.003~0.029)

BMI ' 0.720
<185 30 1.346 -—Jl— -0.007 (-0.101~0.088)
185-249 559  25.090 - 0.005(-0.014~0.024)

250-209 922  41.382 tet 0.016(0.000~0.032)
230.0 717 32181 P+ 0.013(-0.002~0.028)
-02 -0.+0.050 0.050.1
RS EME

B2 TAHAHSHERN-3 PUFAs SIAAIHAE . B 40 B i ALK B H KB

ALINHTIRE s B 1 40 ok 1

Figure 2 Subgroup analysis of the associations of dietary n-3 PUFAs with cognitive function and leukocyte telomere length
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Table 5 Linear regression analysis of the association between dietary n-3 PUFAs intake and leukocyte telomere length

AR I I 25 B fie ] U5 2 % I U1 2% b o HfH PE
JEREN 0.011 0.049 0.005 2.337 0.020
P51

i 0.012 0.057 0.006 1.960 0.050

itk 0.011 0.040 0.008 1.363 0.173
A

60~72% 0.010 0.049 0.006 1.776 0.076

73~85% 0.014 0.055 0.009 1.618 0.106
eli]

= 0.017 0.070 0.006 2.633 0.009

i 0.003 0.011 0.008 0.337 0.737
EAIDES

JE 0.006 0.026 0.007 0.907 0.364

i 0.016 0.073 0.007 2.399 0.017
BMI

<<18.5 -0.007 -0.027 0.046 -0.142 0.888

18.5~24.9 0.005 0.021 0.010 0.514 0.607

25.0~29.9 0.016 0.062 0.008 1.903 0.057

=30.0 0.013 0.062 0.008 1.687 0.092

#6 1999—2002 £ NHANES F B4l faimfi K B EE R n-3 PUFASIBE A= 5 IA M I 68 X 5 B0 A R 4 47
Table 6 Mediation analyses of leukocyte telomere length in the association between dietary intake of
n-3 PUFAs and cognitive function in 1999—2002 NHANES

75 B 95% CF PA"
JRELET n-3 PUF As £ A & — 140 i vz 4 B (B4R @) 0.010 (0.001~0.020) 0.037
1 2 6 it R 3 A T g (B A2 ) 3.452 (0.173~6.731) 0.039
BN (H A ¢ 2.459 (1.701~3.350) * <<0.001
B4 500 (e A ¢ - H A ¢ 7D 0.035 (0.001~0.090) * 0.046
SRR (B AR © 2.494 (1.730~3.390) <£0.001
[¥] 2 200N 55 B O 1 EEAELC 06D 1.400 — —

SR 5 000 ¥k A2 AR Y F 28 R AR B 95 % 1 43 AR IX ]

SR ¢ =2. 4944
£ _
Enir; )3\ ;UFAS P
VAN =EN
AL PR A2
oo b=3. 452+
a=0. 010*

AR IFFERL : aXb=0. 035
AN L 1. 400%

[ f&n—-3 PUFAs
[N s

BN o =2. 459" RITHRE

B3 HARESHEENEFER

FRAY T AR I S BMIT g I AV 17 B0 A AR .
A2 LR TE Y J2 A v AL [T U 3R K

Figure 3  Regression results of the mediation effect
analysis models

"PE<C0.05, "P{H<C0.01, ""P{E<C0. 001

PTG R R RS T AR IS Pk ) BT i R AR TR O TR 2 TR 3

2.4 HURYESHT SR AEEF MAGTE Y R 1
FT AR 3 BT, A A% 0 7% A T UH ZR B0 1)
ZIoEMERIHE S —8, HRUEREY/NT
20% (AN 11.460%), Hrf, EE n-3 PUFAs
A5 IA T i 22 1) Y S 25 A B R R R rh 2y
PRFE P<<0.001, 11 40 Jifd gy R A< B2 55 00 %0 2 fig =2 1]
(52 3 Pk B A B g, (B Ak T BT W KO,
AR IR AR BRI A 0 S A 32 A i AR AR
Msgm, HA RAFmRafdr:. WaR7,

ARWF5E R B n-3 PUFAs 5 Z4E KA 2 fig
(i) ) G K TR SE A 1 A0 A v R G BE A ol
FH NHANES ' 1999—2002 4F () 38 [ A0 K RE A,
WF 98 & BLIRE £ n-3 PUFAs #t A 15 36 [ 24 A1
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Table 7 Robustness analysis: Comparison of results between multivariate linear regression and robus regression

- Z &M mlH Fa eIl 14 P
B B PAH
AL 1
n-3 PUFAs A (g) 2.618 <<0.001 2.748 <20.001 4.966
P12 A SR A RE (T /S {H) 8.706 <<0.001 8.822 <20.001 1.332
AL 2
n-3 PUFAs #f A& (g) 2.494 <£0.001 2.624 <0.001 5.213
1 40 s R 8 (T /S ) 3.931 0.020 3.626 0.036 7.759
BEAY 3
n-3 PUFAs A& (g) 2.365 <20.001 2.476 <0.001 4.693
P 200 i g A R BE (T /S {H) 3.342 0.044 2.959 0.078 11.460

VAT RE R IEAA G . BbAh, AR EHE R T H 4
Jif0 i 4 i 7E B 72 n-3 PUFAs 4% A & 5 A A1) B
SCIR A A 1R

AW W, BN & T n-3 PUFAs A
5B NI RER A 5, X 5 5T A
FEAER Y —B, — R T AR 40 8 R DL B A
() Bt L X R 3K 56 19 Meta 20 MR oe Y R B, 4 A
n-3 PUFAs 1] DL Ry 2 45 A B AT I RE A5 ok Vs 76 25
4b, Hop A H A #E T 500 mg B9 n-3 PUFAs Fl 5
ik 420 mg B9 Tk LM R Ceicosapentaenoic acid,
EPA) WEHE S A E . Yang % ' 78 2024 4E (1Y
RGEEFNNH, A 1205, KBS %R
FIAH L, n-3 PUFAs #b 78 57 X B AR NHNA 45 0 I
A, A TR ANKEEE  (docosahexaenoic acid, DHA
A1/ EPA #3851 38 1T B AR 000 B-JE R A 2R 1
FHOC A Wb sk RN R AE R+ Can i Ar R 6. H
MR 10 BAKF, #—LRIUE T n-3 PUFAs
Xt 2 AR A HT D) BE AT 35 B M, — 30 90 45 25 3K )
Br s K21 111 AR E (65.2~85.7) %1
5%, HEEZEW LA EEHFE (1 500~
2 000 mg/d) EPA {4 5] n-3 PUFAs, 45 & A [H 5
AR YT FESLET A, B T BR R S 5
TEINH . A T T o S AT Ry B B O T AN N AT R
PRt X LEZE R, BB R n-3 PUFAs 8 A XA
AT he B A B .

BN W S NI S [ OB R A N T ]
PN B SR TE QT QU (S5 Y N (=L
b AL D T R o 7 W ol R S OV S|
% v kL I AE B S O 305 DNA B 45 ) (DNA
damage response, DDR), A MM E L, #nH
DI Re et 5w B UM OC L kiR . S Al
RAGE Je 2 R0 Uk ) i B i 1 Ol 3 LR RRAE, )
b N 5 9 RE P T s 8 UE S AT A i

L A R R B R T A A A R XU
AN EY, BIFHKEA TEZ R
PRPHAHITIRE 1 O OCR AR T B ik
B, SRS SOCC AR o s, BIZOCHEK T
REAEFEE N 22 5% 10 BRI E , 7EdE % 26 1| A H
Kotk , Bk 5 AT RE . TR TR &
HIBBE S PRI B T

AWFRINIEEL, EEn-3 PUFAsHEA® S5 H
240 M v B B AR AE S OCE, X S Wu SR Y B
FELEIE — B FEER T o R R /N U A 5
VR, 10~24 4 F it /N R & & n-3 PUFAs IRE
J& SR FE BN B TE D o Polom 45 4 i 43 2
TR T WA IE 52, n-3 PUFAs Al 3 i 0 % 46
bR 5 A B RAE AR AP R . BRI F . DHA L
EPA % n-3 PUF As A AR LV 02 & T, B0 5%
FEHEFZEFE2MAEEF 2 (nuclear factor
erythroid 2-related factor 2, NRF2) C ¥ 4f Jfd {&
PR A KR ER R, REPUEAER Y, @
Ik 5 DR s A e R B NS M R R K, ©
B VIR SR A ) 4 A L HE K 2 R 2 A R
FF 4y 11, Crous-Bou &5 %) i 98 W FE B UE T n-3
PUTF As % gt for 2 157 04 45 b, 1™ 0I5 22 18 I x fkt B
Ak .

BN, ANERARDE T E A A e K R
Xt B n-3 PUF As i A5 AR 2 fiE =22 (8] SC Bk A9 o
RN SRR, R n-3 PUFAs & A X IAA
Diem Boni A 1. 400 % B84 S 8 2o 1 4 i
Ui A B IX — AR AR SE B o X S R BESE T
T AT 4L, BPBE & n-3 PUFAs X IN AT BE M A
ik 5 W) 5 3 m] LA SE Ak A4 B ok K RSk i R . H
HI, 7R F 40 M 5 22 X5 T ph 28 8 47 1k 95 0 19 /R T
p, ik A BE I TE BN h S AR I A DG 5 AN 41 i
HEW— B AR T AN AR R S g
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b v 258 ) Y g s R A B AR G Y R ORE M ALk
W2 5 O R ARG M A R S R L, AT
SEUTIZ W R AR 0 I3 n-3 PUFAs 542
RAGFR R E Y. n-3 PUFAs i6 1] L) 11 By % 9
=R AR G N iR SR VAR T A S A
(/R 2 A 2 1Y) 8 R IE 2 40 A R
A A5 R AN M 0 R R v, R RE O
S8 AR I T LA B R G 0 W A e S 15 DR 2 0 T 4 i
W8, T T 4 AR 0B A A Ry R 2 T 4 D) 45 i —
L 8 K S 1 VLTS - SR v N A R =R i B
A9 AE F L AT B 1k DNA 5453 F1 sty R 45 %6, DA T 410
il 240 A S RO T g R

AR EAA ZHMMH . H—, R BARIE
18 S 50 25 F R I b B, PR R R T S
55, BRI A 1999—2002 4E NHANES A5, #
AEFTE ., BHEZRKE, LBHLHMEERT, TR
FAXNDOEE; %=, NHANES 84 & % 4 )
E. KB KEELTRERMEZHERHFL, 5%
KRS EFRER, hEZEHa0 . WAL X
R R 4 R e DR B ARk e 4 4 B, A S
HR XS A4 o 7 4 B AE JRE 2 n-3 PUF As IA FIHAR 37
RORL P A VR AR D ARSI L —
E B HTE

SRR, RHFRUAAES T REE: 8%,
F 5 2R R Ir T 8 o, X 288 T i [ A @ o e e
TJC T WA AR DAY PR OGR4 i g
o K B BB A RE ML 1999—2002 4F i) NHANES 4
A W AR, T n-3 PUF As 8% A 09 A5 4K i
24 WK [AZ 4, Mk LIOKS i 2 L BIF 58 36 52 £14) >0 1 1
o KR B O, ELINEN T BE 0 AR UK T
WA esBimitn—TH; &5, AR TEE
0 H B AR SCHR B PEAE IS . MBI . BMISE O AR &
R AT Sk B L ECH KT S A AT RE R
INHITRE R P &R, J0 3k 56 4 HE bR 58 A% IR 2 6 %0
IR S0

ZE Bk, AU T BB N TR
n-3 PUFAs 8% AJKF 5 1A %1 2 fig Z 8] £7 75 1 3
SCHE, L 4 A ok K B AR X — JC B R R
AAEH, JFE— 25 M B T & n-3 PUFAs A i
MDA T RE Y AEHLRD il B e CRE
INHI T RE R AT . 4R DA 0 felt B 19 3903 s 2 4t T
R HEE .
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