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Association of combination patterns of nutrient supplements with

phenotypic age acceleration: a cross—sectional analysis of the UK Biobank
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Abstract: Objective Phenotypic age acceleration is an important risk phenotype for multiple chronic diseases. Nutrient
supplements are widely used among middle—aged and older adults, often in combination, as a potential strategy to address
age—related health concerns. However, the associations between supplement combinations and phenotypic age acceleration
remain insufficiently evaluated. This study aims to examine the associations of supplement use and common combinations
with phenotypic age acceleration. Methods A cross —sectional analysis was conducted using baseline data from the UK
Biobank, including 415 636 participants aged 40-69 years. Multivariable linear regression and restricted cubic spline models
were applied to assess the associations between supplement use and phenotypic age acceleration. Results Regular
supplement users accounted for 50.6% of participants, and had lower phenotypic age acceleration than non—users (B=-0.18
years, 95% CI: —0.21~-0.15). Phenotypic age acceleration decreased non-linearly with increasing number of supplements.
Use of glucosamine, fish oil, or multivitamins alone was associated with lower phenotypic age acceleration, with the strongest
association observed for glucosamine (8 =-0.39 years, 95% CI: —-0.47 ~-0.30). The association was stronger for the
combination of glucosamine and fish oil (8=-0.60 years, 95% CI: -0.69 ~—0.52). Adding vitamin C or calcium to this
combination also showed negative associations, whereas combinations containing zinc showed no clear association.
Conclusion Regular nutrient supplement use was associated with lower phenotypic age acceleration, with a non —linear
decrease as the number of supplements increased. Associations varied across combinations, and those containing glucosamine
and fish oil showed more consistent associations.
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Figure 1 Distribution and adjusted mean values of PA acceleration according to nutrient supplement use status
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Figure 3 Adjusted differences 8 (95% CI) in PA acceleration associated with different nutrient supplement combinations

3 i
ARHIFEIET UKB FLii 41 J7 4 AR , Mk
FIRZS IR PR SEBS, BARZ A B =R R GTIT
il TEFANFERI S PAA BSEHE 255 o, Bl

%

R VS AN S 3R PAA JRS7 ARG IRAIRN SRS
PAA 2 JobEIR 28" AR AR oG W LA & v, LU
2B A E S AR RIS 25 PAA BEITHE,
B R AV 3SR I Bl e 2= 9 W =R 2 5 N el | 22



- 1992 -

AT 22 2026 4545 53 %45 11 ] Modern Preventive Medicine, 2026, Vol. 53, NO. 11

R CIAA RBE SR , X PER e P AR A,
18 B HE AR B A A AR AT 68 L vz A b 7o B 5L AT
Brfi AL A

REAEIFE S , B4R 22 5 3 B AR DGR bRk
BEECA—EARCE . EAIERN, &R
fif 2 kA B AT R TR A, Rl il T Y -3 A
TR S B S8 A8 37 R ] BE i 1 RE 5 S AN R 56
WS 5 BRI, ARG PAA FEFREE
AT 9 Wl IR R, 2 2 50 3 gk A
R, SA0T J 2R g RS 2 DA O, R, b
FIEH 5EAK PAA RYOCHK, 7T HER XTI 2 2 &
Gt IR IR BV AE RS A o

A RHT IR HAE AR Z a7 E SRR
FFEES PAA Z IR SERE R &7 AR R |
TERAR MR RS N T R, 29T 3 RS IF R
W2z, 5 Fa it —2 kT8 BREMFR MR B SR
TR G AR R ] BB AE B H AR ERHE , 1 -3
NEIWITREE A PAA 517101 0C R IFAEAE BUE RN, 5
PSR FH & i 2ot T 728 FLEAS X (R34 5, v] e S ik
PR aR I . NS G 5 S SR AR TR A A
[, 208 R R S IR Al Bl Rk AH EAE H 5 ER
B , A58 B s AN AR IR B i 48 A S IR REFE T XU
FHEARSEM, BRI S R4S R s #N R e
FHOCHTY I (AU 25 B ] Bl R AR LR MR IR S i
FEXTPER TR EE A

BEHRAIRHA G s, AR5 PAA
KA B, A & vl e A B malh . &
NE . EIMAE S YA R0 WA B AR ST
Forp g 5 I it — 2 & 2 A e Rk 2
AR C I OCECE R . BRAERFGTHE Y, 0B S5 AR
4 PR RO IUAE BT XU A DG, I AT figad 2k 5 K 75
AH G AR T 38 B K U AR IR R AR IE K AR T
DO-HEALTH {5535 J5 /0 i th 2R , 0-3 T Hin §2 5
I 2R DNA b Rt 8l JFEReentsh 1Y
At R D Ms s RIS RN AW SRS 2
% AN AT RE S R B NN, B RS 1 — B, X TR
YR + Al + ZIEEAN + B A, TR
HE/Nn=550) H B A5 X 0358, YT g A —
AN EVE AR AT S 152 R TR MR R, R s
WASBEHERR 52 2220 5 v il o [ AH B FH 25 5060 DG Bk
5ER JIE P 5 M 1229

A IRAFAE— R SR PR . B G, SRR AT 1 2
B i L BT s TR 5 PSSR Ty e, Bz ol PRSRAS fg HE
B 5 AR PR g BRI AP AN 3 5 O 5 R HR T I 4 il
FAANFI B SIHL, don] BE RIS #h FE R BE 5 PAA,
SEERATRSR . % UKB EE I, A A Yibr

AR A I A R — A 0T H 9 ) FE H4T
iBFERR . Hk MR R A F iR, Bz 7l
J BRI AR A B At R 4545 8, T BE S 3
Syt RREITR AR . PR, R R T £ AR AN
Frogei ATE 2 IR E A B RO, 4TS
ASBEHERR A I 2 s AN 5 TR 2% . fieJm , UKB 2
53 B4 MREEERRE, BRI EER A E, 4
FRAMET

g5 L AR T UKB KRRA ABREUE , RG00TF
5T B FANRE 5 PAA WG, R INBLAEL iR
ERAIK PAA FHOC, IRFHFI2E20 S PAA RARZME T RE
KR, TEANE. MmMEASgERNE LAE£E
PAA FEARHESC (R R A AR 22 52 0 SE T AR
RFET EANAGI TS, L 2 B E R R A
Kk, ARIEFRANIBA RS PAA FCHK R
JEAFAEZE S MO B T A TR AT Pt —2 B0
FIZS PSR ACHIGE R AAAEAT 2 oo

Sk

[1] WHO. Ageing and health|[EB/OL]. [2026-04-28]. https://www.who.
int/news—room/fact—sheets/detail/ageing—and—health.

[2] Mishra S, Stierman B, Gahche JJ, et al. Dietary supplement use
among adults: United States, 2017-2018[J]. NCHS Data Brief, 2021
(399): 1-8.

[3] Denison HJ, Jameson KA, Syddall HE, et al. Patterns of dietary
supplement use among older men and women in the UK: findings
from the Hertfordshire Cohort Study[J]. Journal of Nutrition Health &
Aging, 2012, 16(4): 307-311.

[4] Xu Q, Parks CG, DeRoo LA, et al. Multivitamin use and telomere
length in women[J]. American Journal of Clinical Nutrition, 2009, 89
(6): 1857-1863.

[5] Calder PC. Omega-3 fatty acids and inflammatory processes: from
molecules to man [J]. Biochemical Society Transactions, 2017, 45(5):
1105-1115.

[6] LiZH, Gao X, Chung VC, et al. Associations of regular glucosamine
use with all-cause and cause—specific mortality: a large prospective
cohort study [J]. Annals of the Rheumatic Diseases, 2020, 79 (6):
829-836.

[7] WubD, JiaY, LiuY, etal. Dose-response relationship of dietary
omega—3 fatty acids on slowing phenotypic age acceleration: A
cross—sectional study[J]. Front Nutr, 2024, 11: 1424156.

[ 8] Zhang FF, Barr SI, Menulty H, et al. Health effects of vitamin and
mineral supplements [J]. BMJ (Clinical Research ed.), 2020, 369:
m2511.

(9]  BRMFES, B4R, ol 5. 2017 AEJLATT 18~79 3 R E 57
FAMTERIM I BUR BAR DR R AT (0], PRI EAE,
2022,43(2):227-233.
Kui YQ, Ma AJ, Fang K, et al. Analysis of the current status and
related factors of oral nutritional supplements intake among 18-79
years old in Beijing in 2017 [J]. Chinese Journal of Epidemiology,
2022, 43(2): 227-233.(In Chinese)

[ 10 ] Shrank WH, Patrick AR, Brookhart MA. Healthy user and related



PARTR BT B2 2026 4E%5 53 %5 11 ] Modern Preventive Medicine, 2026, Vol. 53, NO. 11

+ 1993 -

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

biases in observational studies of preventive interventions: a primer
for physicians [J]. Journal of General Internal Medicine, 2011, 26(5):
546-550.

Heaney RP.Vitamin D and Calcium interactions: functional outcomes
[J]. American Journal of Clinical Nutrition, 2008, 88(2): 541S-544S.
Townsend JR, Kirby TO, Sapp PA, et al. Nutrient synergy: definition,
evidence, and future directions[J]. Front Nutr, 2023, 10: 1279925.
Chen F, Du MX, Blumberg JB, etal. Association among dietary
supplement use, nutrient intake, and mortality among U.S. adults: a
cohort study[J]. Annals of Internal Medicine, 2019, 170(9): 604-613.
Hameczyk MR, Nevado RM, Barettino A, et al. Biological versus
chronological aging: JACC focus seminar[J]. Journal of the American
College of Cardiology, 2020, 75(8): 919-930.

PRI, SR T PN B 55 AR AR AT O IR R .
HERATIF245,2021,42(9) : 1683-1688.

Chen L, Fan JN, Sun DJY, et al. Progress in research of
measurements of biological age [J]. Chinese Journal of Epidemiology,
2021, 42(9): 1683-1688.(In Chinese)

Levine ME, Lu AT, Quach A, et al. An epigenetic biomarker of aging
for lifespan and healthspan [J]. Aging (Albany NY), 2018, 10 (4):
573-591.

Liu Z, Kuo PL, Horvath S, et al. A new aging measure captures
morbidity and mortality risk across diverse subpopulations from
NHANES 1V: A cohort study [J]. PLOS Medicine, 2018, 15 (12):
e1002718.

Kwan KJS, Xie SS, Li HL, et al. Evaluating the potential of
phenotypic age to enhance cardiovascular risk prediction over
chronological age in the UK Biobank[J]. Scientific Reports, 2025, 15
(1): 27858.

Warner B, Ratner E, Datta A, et al.A systematic review of phenotypic
and epigenetic clocks used for aging and mortality quantification in
humans[J]. Aging(Albany NY), 2024, 16(17): 12414-12427.

Sudlow C, Gallacher J, Allen N, et al. UK biobank: an open access

[21]

[22]

[24]

[25]

[26]

[27]

[28]

[29]

resource for identifying the causes of a wide range of complex
diseases of middle and old age [J]. PLOS Medicine, 2015, 12 (3):
€1001779.

Allen NE, Lacey B, Lawlor DA, et al. Prospective study design and
data analysis in UK biobank [J]. Science Translational Medicine,
2024, 16(729): 4428.

UK Biobank. Data-Field 6155: Vitamin and mineral supplement
[EB/OL].  [2026-04-28]. https://biobank.ndph.ox.ac.uk/ukb/field.
cgi?id=6155.[23]Biobank UK. Data—Field 6179: Mineral and other
dietary supplements [EB/OL]. [2026—04-28]. https://biobank.ndph.
ox.ac.uk/ukb/field.cgi?id=6179.

Ferguson KD, McCann M, Katikireddi SV, et al. Evidence synthesis
(ESC-DAGs): a novel and
method for building directed

for constructing directed acyclic graphs
acyclic graphs [J].
International Journal of Epidemiology, 2020, 49(1): 322-329.

Weimer S, Priebs J, Kuhlow D,et al. D—Glucosamine supplementation

systematic

extends Life span of nematodes and of ageing mice [J]. Nature
Communications, 2014, 5: 3563.

Kantor ED, Lampe JW, Vaughan TL, et al. Association between use
of specialty dietary supplements and C-reactive protein
concentrations[J]. American Journal of Epidemiology, 2012, 176(11):
1002-1013.

Bischoff—Ferrari HA, G?ngler S, Wieczorek M, et al. Individual and
additive effects of vitamin D, omega—3 and exercise on DNA
methylation clocks of biological aging in older adults from the
DO-HEALTH trial[J]. Nat Aging, 2025, 5(3): 376-385.

Altman DG, Bland JM. Absence of evidence is not evidence of
absence[]]. Australian Veterinary Journal, 1996, 74(4): 311.
Sandstrom B. Micronutrient interactions: effects on absorption and
bioavailability [J]. British Journal of Nutrition, 2001, 85 (Suppl 2):
S181-S185.

s HHA:2026-02-14

(4% 1980 W)

[11]

[12]

clinical practice: developing a real-world risk prediction model for
metabolic syndrome using super learner and scorecard approaches|J].
Journal of Advanced Research, 2026, 82: 701-711.

Ou HW, Wei MM, Li X, et al.C—reactive protein—triglyceride glucose
index in evaluating cardiovascular disease and all-cause mortality
incidence individuals  across 0-3  of

among stages

cardiovascular—kidney—metabolic ~ syndrome: ~ a  nationwide
prospective cohort study[J]. Cardiovascular Diabetology, 2025, 24(1):
296.

Quansah DY, Horsch A, Gilbert L, et al. C-reactive protein during

[13]

[14]

pregnancy and in the early postpartum predicts adverse metabolic
health outcomes at 1?year postpartum in women with gestational
diabetes|]J]. Cardiovascular Diabetology, 2023, 22(1): 291.
Yeo H, Jang H, Kim N, etal. Exploring predictors of insomnia
severity in shift workers using machine learning model [J]. Front
Public Health, 2025, 13: 1494583.
Liang HX, Zheng JQ, Sun YK. Prevalence and risk factors associated
with circadian syndrome in community—dwelling middle—aged to
older adults: Based on health ecology model [J]. Sleep Medicine,
2024, 119: 210-213.

Yr#E B #1:2026-01-20



