ORIGINAL ARTICLE

Neuroendocrinology Letters Volume 47 No.2 2026 This work is licensed under Creative Common Attribution-

ISSN: 0172-780X; ISSN-L: 0172-780X; Electronic/Online ISSN: 2354-4716  NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0).
Web of Knowledge / Web of Science: Neuroendocrinol Lett No permission to resale without signed publisher agreement.

Pub Med / Medline: Neuro Endocrinol Lett

Uric acid-to-albumin ratio and mortality in stroke
patients: a DAQS-stratified analysis.

Ping ZHUANG!, Zhen Yong ZHENG?2, XiaoDie ZHANG!

1 Department of Cerebrovascular Disease, Guangdong Provincial Hospital of Traditional Chinese
Medicine, Guangzhou City, Guangdong Province, 510006 China.

2 School of Nursing, Guangzhou University of Chinese Medicine, Guangzhou City, Guangdong
Province, 510006 China.

Correspondence to: ~ Ping Zhuang
No. 55, Inner Ring West Road, University Town, Panyu District, Guangzhou City,
510006, Guangdong Province, P.R.China
TEL.: +86-13826150512; E-MAIL: ZPzhuangping@gzucm.edu.cn

Submitted: 2025-12-25  Accepted: 2026-04-28  Published online: 2026-04-28

Key words: stroke; mortality; uric acid; serum albumin; antioxidants; diet

Neuroendocrinol Lett 2026;47(2):80-93 PMID: 42165794 470203 ©2026 Neuroendocrinology Letters « www.nel.edu

Abstract OBJECTIVES: The objectives of our study are to explore the associations of uric
acid to albumin ratio (UAR) with all-cause and cardiovascular mortality in stroke
patients, and to examine whether UAR-mortality associations differ between
stroke patients stratified by dietary antioxidant quality score (DAQS).

METHODS: This cohort study included 1125 stroke patients from the NHANES
2007-2018. The DAQS was calculated based on the intake of six anti-oxidative
nutrients. Multivariate Cox proportional hazards models were used to investigate
the associations of UAR with all-cause and cardiovascular mortality in the total
stroke cohort and within subgroups stratified by DAQS.

RESULTS: UAR showed a positive linear association with all-cause mortality
in unadjusted and adjusted models (HR = 1.49, p = 0.003). For cardiovascular
mortality, the association with continuous UAR was significant before but not
after adjustment (HR = 1.43, p = 0.108). Compared with low UAR (<1.34), high
UAR (>1.34) was associated with higher all-cause (HR = 1.37, p = 0.030) and
cardiovascular mortality (HR = 1.64, p = 0.040). In exploratory DAQS-stratified
analyses, elevated UAR was related to higher all-cause (HR = 1.58) and cardiovas-
cular mortality (HR = 1.83; both p < 0.05) only among patients with low DAQS,
whereas associations in the high-DAQS subgroup were generally non-significant
and imprecise.

CONCLUSION: Higher UAR after stroke was robustly associated with increased
all-cause mortality, with weaker and less consistent evidence for cardiovascular
mortality. Exploratory DAQS-stratified analyses suggested excess risk with
high UAR mainly among patients with low DAQS, while findings in the smaller
high-DAQS subgroup were non-significant and imprecise; these subgroup and
cardiovascular results are hypothesis-generating.
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INTRODUCTION

Stroke is the third leading cause of age-standardized
mortality worldwide (Collaborators 2024). Over the
past three decades, the number of stroke cases and
deaths increased in the elderly (Gou et al. 2025).
Moreover, the age-standardized incidence and age-
standardized prevalence are projected to increase
significantly in the next ten years (Zhang et al. 2025),
portending a substantial increase in the absolute
number of stroke cases and deaths. This heavy disease
burden underscores the importance and urgency
to explore and address the risk factors of prognosis.

Numerous studies have examined the relation-
ships between the uric acid and the prognosis of acute
stroke, yielding conflicting conclusions (Zhang et al.
2023) since uric acid simultaneously possesses antioxi-
dative and prooxidative properties (Zhu et al. 2025a).
However, evidence of uric acid on long-term mortality
of stroke survivors was still limited. In addition,
albumin, a marker of inflammatory and nutritional
status, is widely applied to identify prognostic risks.
Findings from critically ill patients with acute stroke
indicated that low albumin level was a risk factor for
poor functional outcomes and increased mortality
(Thuemmler et al. 2024; Zhu et al. 2025b), whereas
research among long-term stroke survivors is still
limited. Considering the intricate interplay of oxida-
tive stress, inflammation and nutritional status on
the prognosis of diseases, uric acid-to-albumin ratio
(UAR; calculated as uric acid [mg/dL] + albumin
[g/dL]) has been proposed as a comprehensive
composite marker. Elevated UAR showed negative
impact on the severity or mortality among patients
with coronary artery disease, myocardial infarction (Li
et al. 2022; Yalcinkaya et al. 2024). Evidence also indi-
cated the relationship between higher UAR and carotid
atherosclerosis in patients with diabetes and hyperten-
sion (Yin et al. 2025; Saylik et al. 2023). However, it
remains unknown whether UAR is related to the prog-
nosis of stroke.

Furthermore, dietary antioxidants, important
components of the body's antioxidative defence
system, have demonstrated a protective effect on
stroke prognosis (Xu et al. 2023). However, evidence
was still limited regarding the association between uric
acid/albumin and stroke prognosis under the different
level of dietary antioxidant quality. Dietary antioxidant
quality score (DAQS), which combines six anti-oxida-
tive vitamins and minerals, serves as a comprehensive
indicator of the overall dietary antioxidant quality.
DAQS have been examined in researches on the devel-
opment and prognosis of chronic diseases (Shi & Fang
2024; Wang et al. 2024).

Therefore, based on the NHANES nationally
representative cohort, the objectives of our study are
to explore the associations of uric acid-to-albumin ratio
(UAR) with all-cause and cardiovascular mortality in

stroke patients, as well as the effect of dietary antioxi-
dant quality on these associations.

METHODS
Study design and population

This study is based on publicly available data from the
National Health and Nutrition Examination Survey
(NHANES) 2007-2018, an anonymized, de-identified
survey conducted in communities across the United
States. It was approved by CDC's National Center
for Health Statistics (NCHS) Ethics Review Board.
The ethical approval number can be accessed on the
website (https://www.cdc.gov/nchs/nhanes/about/erb.
html). All participants in NHANES provided signed
informed consent. This study is a secondary analysis
of the original data set and does not require an ethics
approval.

The target population of this study is stroke patients.
Stroke patients were identified as participants who
responded 'yes' to the question: 'Has a doctor or other
health professional ever told you that you had a stroke?'
A total of 1398 stroke patients were included initially
from the NHANES 2007-2018. Patients were excluded
if their measurement of uric acid or albumin was
incomplete (n = 179). Patients were further excluded
if their information of survival status was missing
(n = 2). Another 92 patients were excluded since the
data on anti-oxidative nutrient intake were incomplete.
Finally, a total of 1125 stroke patients were used for
analysis (Suppl Fig 1).

Uric acid-to-albumin ratio

UAR is defined as the uric acid (mg/dL) divided by
the albumin (g/dL) (Liu et al. 2024a). Uric acid and
albumin were measured by the Beckman Synchron
LX20 at 2007, the Beckman Coulter UniCel DxC800 at
2008-2016 and the Roche Cobas 6000 (c501 module)
analyzer at 2017-2018. Details for the laboratory proce-
dure and quality control can be found at the following
link:  https://wwwn.cdc.gov/nchs/nhanes/. In the
present study, UAR was dichotomised at the weighted
sample median of 1.34 into high (>1.34, n = 618) and
low (<1.34, n = 507) categories; this data-derived cutoff
facilitates balanced group comparison but has not been
externally validated.

Ascertainment of all-cause mortality and cardiovascular

mortality

The outcomes of the present study are all-cause
mortality and cardiovascular mortality. The survival
status was determined by records from the National
Death Index (NDI) maintained by the NCHS
up to December 31, 2019 (https://www.cdc.gov/
nchs/linked-data/mortality-files/?CDC_AAref
Val=https://www.cdc.gov/nchs/data-linkage/mortality.
htm). The International Statistical Classification
of Diseases, 10th Revision (ICD-10) codes are used
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Fig. 1. Kaplan-Meier survival curves for stroke
patients stratified by UAR level (Low:
<1.34,n =507; High: >1.34,n = 618). A)

Overall survival (Log-rank P = 0.003). B)
Cardiovascular-specific survival (Log-rank P =
0.009). Participants were followed until death
or December 31, 2019 (median follow-up:
66.49 months). Analysis incorporates NHANES
sample weights. UAR: uric acid-to-albumin
ratio.
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to identify cardiovascular deaths (I00-109, I11, I13,
120-151, 160-169), which is consistent with previous
studies (Li ef al. 2025).

Dietary antioxidant quality

The intakes of the anti-oxidative vitamins and minerals
were obtained through the 24-hour dietary recall
method, including dietary source and the supplement.
The DAQS is calculated based on the intake of six dietary
antioxidants including vitamins A, vitamin C, vitamin
E, zinc, selenium and magnesium. Compared with the
corresponding recommended daily intake (RDI) for US
adults, a score of 0 is defined as the intake <2/3 of the
RDI while a score of 1 for the intake >2/3 of the RDL
The range of DAQS is from 0 to 6, with higher score
indicating higher level of dietary antioxidant quality. In
the present study, the dietary antioxidant quality was

dichotomized as high (DAQS =5) and low (DAQS <5),
following the cutoff used in previous NHANES-based
studies (Shi & Fang 2024; Lin et al. 2024). Of note, this
threshold produced a markedly asymmetric split: only
336 participants (32.5%) met the high-DAQS crite-
rion, while 789 (67.5%) were classified as low DAQS
(Table 1), which may limit statistical power in high-
DAQS subgroup analyses.

Covariables

Covariates included age, sex, race, education level,
poverty income ratio (PIR), smoking status, drinking
status, physical activity level, energy intake, history
of diseases and medication use were collected through
questionnaires. Systolic blood pressure, diastolic blood
pressure, height and weight were obtained from anthro-
pometry. Fasting glucose, glycated hemoglobin, total

Copyright © 2026 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu
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Tab. 1. Characteristics of the study population

Variables Total (n=1125) (I;O_lvi' 3":)\(':‘ I;e5\8e7l) :1'_?22)‘?::;"’ ;; p
Age, years, Mean (S.E) 64.18 (0.73) 61.75 (1.08) 66.56 (0.81) <.001
Gender, n (%) 0.010
Male 554 (43.48) 217 (37.58) 337 (49.25)
Female 571 (56.52) 290 (62.42) 281 (50.75)
Race, n (%) <.001
Non-Hispanic White 560 (68.15) 265 (68.47) 295 (67.83)
Non-Hispanic Black 304 (15.54) 106 (11.90) 198 (19.11)
Others 261 (16.31) 136 (19.62) 125 (13.05)
Education, n (%) 0.974
High school and below 689 (58.58) 308 (58.51) 381 (58.64)
College and above 436 (41.42) 199 (41.49) 237 (41.36)
PIR, n (%) 0.305
<13 471 (33.97) 229 (35.89) 242 (32.08)
=213 654 (66.03) 278 (64.11) 376 (67.92)
Smoking, n (%) 0.312
Never 442 (41.54) 204 (43.50) 238 (39.63)
Ever 683 (58.46) 303 (56.50) 380 (60.37)
Drink, n (%) 0.272
< 1 time/week 939 (81.61) 422 (79.86) 517 (83.32)
> 1 time/week 186 (18.39) 85(20.14) 101 (16.68)
Physical activity, n (%) 0.324
< 450 MET-min/week 106 (8.13) 50 (9.05) 56 (7.22)
> 450 MET-min/week 454 (44.28) 208 (46.10) 246 (42.50)
Unknown 565 (47.59) 249 (44.85) 316 (50.27)
Energy intake, kcal, Mean (S.E) 1818.05 (40.43) 1874.10 (59.09) 1763.10 (54.18) 0.168
BMI, kg/m2, Mean (S.E) 30.14 (0.30) 28.69 (0.45) 31.57(0.36) <.001
BMI category, n (%) <.001
< 25 kg/m?2 268 (24.48) 157 (30.74) 111 (18.34)
> 25 kg/m? 857 (75.52) 350 (69.26) 507 (81.66)
Hypertension, n (%) 0.003
No 139 (16.60) 87(21.62) 52(11.68)
Yes 986 (83.40) 420 (78.38) 566 (88.32)
Diabetes, n (%) 0.212
No 652 (61.09) 313 (63.70) 339 (58.53)
Yes 473 (38.91) 194 (36.30) 279 (41.47)
Dyslipidemia, n (%) 0.310
No 119 (9.97) 63(11.17) 56 (8.80)
Yes 1006 (90.03) 444 (88.83) 562 (91.20)
CVDs, n (%) 0.053
No 700 (63.12) 337 (67.90) 363 (58.44)
Yes 425 (36.88) 170(32.10) 255 (41.56)
NLR, Mean (S.E) 2.56 (0.06) 2.44(0.08) 2.67 (0.08) 0.030
AST, U/L, Mean (S.E) 24.76 (0.41) 24.00 (0.50) 25.50(0.68) 0.088
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Variables Total (n=1125) (:°1w3lt:l).\::| I;es\se;) :'I;.Iggrﬁﬁ:g;’:; p
ALT, U/L, Mean (S.E) 22.90 (0.60) 23.03(0.97) 22.77 (0.98) 0.866
UAR, Mean (S.E) 1.41(0.01) 1.08 (0.02) 1.73(0.02) <.001
Uric acid, mg/dL, Mean (S.E) 5.72 (0.06) 4.51(0.07) 6.90 (0.07) <.001
Albumin, g/dL, Mean (S.E) 4.10(0.01) 4.18(0.02) 4.02 (0.02) <.001
DAQS score, Mean (S.E) 3.56 (0.07) 3.68 (0.10) 3.45 (0.09) 0.074
DAQS category, n (%) 0.314
High level (=5) 336 (32.49) 165 (34.59) 171 (30.43)
Low/median level (<5) 789 (67.51) 342 (65.41) 447 (69.57)
All-cause mortality, n (%) 0.001
No 769 (72.61) 370 (77.84) 399 (67.48)
Yes 356 (27.39) 137 (22.16) 219(32.52)
Cardiovascular mortality, n (%) 0.009
No 1000 (90.93) 464 (93.57) 536 (88.35)
Yes 125 (9.07) 43 (6.43) 82 (11.65)
Follow-up time, months, Mean (S.E) 66.49 (1.99) 68.54 (2.72) 64.47 (2.25) 0.185

S.E: Standard Error. The p value was obtained by t-test for continuous variables and chi-square test for categorical variables. All proportions
and means are weighted to account for the complex sampling design of NHANES. The UAR cutoff of 1.34 represents the weighted sample
median. "Unknown" in the physical activity category reflects participants who did not complete the physical activity questionnaire (n = 565,

47.59% of the sample).

cholesterol, triglyceride, high density lipoprotein, low-
density lipoprotein, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), neutrophil percent
and lymphocyte percent were obtained through labora-
tory testing.

Overweight is defined as the body mass index
(BMI) >25 kg/m2. Hypertension is defined as the
systolic blood pressure>140 mmHg, or the diastolic
blood pressure>90 mmHg, or self-report of hyper-
tension/ use of drugs for hypertension. Diabetes is
defined as fasting glucose =126 mg/dL, or glycated
hemoglobin >6.5%, or self-report of diabetes/use
of drugs for diabetes. Dyslipidemia is defined as total
cholesterol >200 mg/dL, or triglyceride >150 mg/dL,
or low-density lipoprotein cholesterol =130 mg/dL, or
high-density lipoprotein cholesterol <40 mg/dL, or self-
report of hypercholesteremia/use of drugs for dyslip-
idemia. Cardiovascular diseases (CVDs) are defined
as self-report of at least had one of the diseases below:
congestive heart failure, coronary heart disease, angina
and heart attack. The neutrophil-to- lymphocyte ratio
(NLR) is defined as the neutrophil percent divided by
the lymphocyte percent.

Statistical analysis

The two sample t-test was applied for the comparison
of the continuous variables between the low and high
UAR groups, while chi-square test for categorical vari-
ables. Univariate and multivariate Cox proportional
hazards models were used to investigate the associations
of UAR with all-cause and cardiovascular mortality

in the whole stroke population as well as among the
different dietary antioxidant quality subgroups. Model
I was unadjusted. In Model II, age, race, education,
energy intake, physical activity, diabetes, hyperten-
sion, CVDs and ALT were adjusted for the all-cause
mortality, while age, physical activity, hypertension,
dyslipidemia and CVDs were adjusted for the cardiovas-
cular mortality. These covariables were adjusted if they
were significantly associated with the corresponding
outcome in univariate Cox analysis (p < 0.05); this
data-driven selection approach may introduce selection
bias and should be considered when interpreting the
adjusted estimates. The proportional hazards assump-
tion for UAR and other covariates was evaluated
using Schoenfeld residuals, and no material violations
were detected. Of note, gender, although significantly
imbalanced between UAR strata (p = 0.010, Table 1),
did not reach univariable significance for either
mortality outcome and was thus not included in the
primary model; gender-adjusted sensitivity analyses
(Suppl Tables 2-3) confirmed materially unchanged
estimates, supporting the robustness of Model II.
In addition, the Kaplan-Meier curves were applied
to describe the likelihood of survival and the Log-rank
test was used to compare it between the high and the
low UAR groups. Finally, the restricted cubic spline
(RCS) curves were applied to detect the linear/non-
linear relationships of UAR with all-cause mortality and
cardiovascular mortality. Sample weights were utilized
in all analyses for accounting for unequal selection
probabilities. Statistical analyses were conducted with

Copyright © 2026 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu
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Tab. 2. Associations of UAR with all-cause and cardiovascular mortality in stroke patients

Model |

Model lI

HR (95%Cl)

p HR (95%Cl) p

All-cause mortality

UAR as continuous 1.88 (1.49-2.37) <.001 1.49 (1.15-1.93) 0.003
UAR level category

Low (UAR < 1.34) Reference Reference

High (UAR > 1.34) 1.56 (1.19-2.05) 0.002 1.37(1.03-1.82) 0.030
Cardiovascular mortality

UAR as continuous 1.98(1.31-2.99) 0.001 1.43(0.92-2.23) 0.108
UAR level category

Low (UAR < 1.34) Reference Reference

High (UAR > 1.34) 1.92(1.21-3.05) 0.006 1.64 (1.02-2.62) 0.040

HR: Hazard Ratio; Cl: Confidence Interval. All models incorporate NHANES sample weights. UAR as a continuous variable represents the
hazard ratio per 1-unit increase in UAR (mg/dL per g/dL). The total number of all-cause deaths was 356 (27.39%); cardiovascular deaths,

125 (9.07%).
Model I: Unadjusted.

Model Il (fully adjusted): All-cause mortality - age, race, education, physical activity, energy intake, diabetes, hypertension, CVDs,
ALT; Cardiovascular mortality - age, physical activity, hypertension, dyslipidemia, CVDs. Covariates were selected based on univariate

significance (p < 0.05).

SAS 9.4 (SAS Institute Inc., Cary, NC, USA) and a two-
tailed p < 0.05 indicated statistically significant. Python
3.9 was used for data cleaning, imputation of missing
values and figure generation. The multiple imputa-
tion method of the chain equation in random forest
was used (miceforest package). There was no signifi-
cant difference before and after imputations (Suppl
Table 1). Physical activity (47.59% missing) was not
imputed due to its categorical structure and the large
missing fraction; instead, a three-level coding (below
recommended, above recommended, unknown) was
used as a categorical covariate in all models. Restricting
to participants with known physical activity (n = 560),
only the continuous UAR was significant for all-cause
mortality and marginal significance for cardiovascular
mortality (Suppl Table 4).

RESULTS
Characteristics of the study population

For the current study population, the average age was
64.18 and the male participants accounted for 43.48%.
The characteristics grouped by median of UAR were
described in Table 1. The weighted all-cause mortality
and cardiovascular mortality in stroke patients were
27.39% and 9.07%, respectively, which were signifi-
cantly higher in patients with high level of UAR
than those with low level of UAR. Patients with high
UAR also had higher age (66.56 vs. 61.75 years), BMI
(31.57 vs. 28.69 kg/m?®), NLR (2.67 vs. 2.44), and
greater hypertension prevalence (88.32% vs. 78.38%)
compared to those with low UAR. Additionally, the
high-UAR group had significantly lower albumin

levels (4.02 vs. 4.18 g/dL) and higher uric acid levels
(6.90 vs. 4.51 mg/dL), confirming the composite
nature of UAR. Gender distribution also differed
significantly (49.25% male in the high-UAR group vs.
37.58%, p = 0.010).

Associations of UAR with all-cause and cardiovascular
mortality in stroke patients

UAR was positively associated with the all-cause
and cardiovascular mortality in stroke patients in
unadjusted analysis. However, only the association
between UAR (as continuous) and all-cause mortality
was still significant in the multivariate model (all-
cause mortality: HR: 1.49, p = 0.003; cardiovascular
mortality: HR: 1.43, p = 0.108). Compared to the
patients with low levels of UAR, the risks of all-
cause and cardiovascular mortality were significantly
increased among those with high UAR levels (all-
cause mortality: HR: 1.37, p = 0.03; cardiovascular
mortality: HR: 1.64, p = 0.04) in the fully adjusted
model. (Table 2)

Both overall and cardiovascular-specific survival
decreased with increasing UAR; lower survival rates
were observed in patients with high UAR levels (overall
survival: Log-rank p = 0.003, Fig. 1 A; cardiovascular-
specific survival: Log-rank p = 0.009, Fig. 1 B).

Detection of linear/non-linear relationship

Linear trends were detected for the associations of UAR
with all-cause and cardiovascular mortality in stroke
patients (all-cause mortality: p for overall < 0.001, p for
nonlinear = 0.225, Fig. 2 A; cardiovascular mortality:
p for overall < 0.001, p for nonlinear = 0.920, Fig. 2 B).
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Effect of DAQS on the relationship between UAR with
all-cause and cardiovascular mortality in stroke patients

In exploratory analyses stratified by DAQS, high
UAR was associated with higher all-cause (HR 1.58,
p = 0.003) and cardiovascular mortality (HR 1.83,
p = 0.017) among patients with low DAQS (<5). In
the high-DAQS subgroup (=5), categorical UAR asso-
ciations with both outcomes were non-significant (all-
cause: HR 1.17, p = 0.578; cardiovascular: HR 1.47,
p = 0.267), and a nominal continuous UAR-cardiovas-
cular mortality association (HR 2.27, 95% CI 1.02-5.08,
p = 0.046) was based on few events with wide confi-
dence intervals. Overall, DAQS-stratified results are
imprecise and should be regarded as hypothesis-gener-
ating (Table 3).

In the subgroup of low dietary antioxidant quality
(DAQS <5), both overall and cardiovascular-specific

survival decreased with increasing UAR, with lower
survival observed among those with high UAR levels
(overall survival: Log-rank p <0.0001, Fig. 3 B; cardio-
vascular-specific survival: Log-rank p = 0.008, Fig. 3 D).
However, in the subgroup of high dietary antioxidant
quality (DAQS =5), the difference of survival propor-
tion between high and low UAR levels were not signifi-
cant (Both Log-rank p >0.05, Fig. 3 A and Fig. 3 C).

Sensitivity analysis

The T3 (>1.54) of UAR got marginal significance for
all-cause mortality (HR T3 vs T1 = 1.35, p = 0.081)
(Suppl Table 5). No significant association was found
between UAR tertiles and cardiovascular mortality,
indicating the association between categorical UAR
and CVD mortality was influenced by the cutoff, which
should be interpreted with caution. The influence of the

Fig. 2. A

HR (95%CT)

Fig. 2. Restricted cubic spline curves depicting
the association between UAR (continuous)
and A) all-cause mortality and B)
cardiovascular mortality in stroke patients
(n=1,125). Solid lines indicate estimated
hazard ratios; shaded areas represent 95%
confidence intervals. Models are adjusted for
the same covariates as Model Il in Table 2. p
for overall association: A) <0.001, B) <0.001.
p for nonlinearity: A) 0.225, B) 0.920. Analysis
incorporates NHANES sample weights. UAR:
uric acid-to-albumin ratio.

UAR

Fig. 2.B

HR (95%CT)

UAR
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Tab. 3. Stratified analysis for the associations of UAR with all-cause mortality and cardiovascular mortality in stroke patients based on

different level of DAQS

High dietary antioxidant quality
(DAQS =5)

Low dietary antioxidant quality
(DAQS <5)

HR (95%Cl)

p HR (95%Cl) p

All-cause mortality!

UAR as continuous 1.64 (0.79-3.41) 0.178 1.50(1.15-1.95) 0.003
UAR level category

Low (UAR < 1.34) Reference Reference

High (UAR > 1.34) 1.17 (0.66-2.08) 0.578 1.58 (1.17-2.14) 0.003
Cardiovascular mortality?

UAR as continuous 2.27(1.02-5.08) 0.046 1.26 (0.80-2.01) 0316
UAR level category

Low (UAR < 1.34) Reference Reference

High (UAR > 1.34) 1.47 (0.74-2.92) 0.267 1.83(1.12-2.99) 0.017

HR: Hazard Ratio; Cl: Confidence Interval.

All models incorporate NHANES sample weights. UAR as a continuous variable represents the hazard ratio per 1-unit increase in UAR.
This is a stratified analysis by DAQS level. A formal UAR x DAQS interaction term was added to the fully adjusted Cox model; p for
interaction = 0.52 for all-cause mortality and 0.71 for cardiovascular mortality. Given the small high-DAQS subgroup (n = 336), these
stratified results should be interpreted as hypothesis-generating regardless of interaction p-value.

Subgroup sizes: High DAQS (=5), n = 336 (32.49%), all-cause deaths = [n = 106], cardiovascular deaths = [n = 44]; Low DAQS (<5), n =789
(67.51%), all-cause deaths = [n = 250], cardiovascular deaths = [n = 81]. The wide confidence intervals in the high-DAQS subgroup reflect

limited statistical power due to the smaller subgroup size.

'All-cause mortality: adjusted for age, race, education, physical activity, diabetes, hypertension, CVDs, energy intake, ALT.
*Cardiovascular mortality: adjusted for age, physical activity, hypertension, dyslipidemia, CVDs.

limited cardiovascular mortality event cannot be ruled
out, especially when UAR was divided by three groups.

DISCUSSION

This cohort study showed a clear linear association
between higher UAR and increased all-cause mortality
in stroke patients after adjustment. Evidence for cardio-
vascular mortality was modest and model-dependent,
and DAQS-stratified patterns were exploratory, with
excess risk associated with high UAR mainly in the
low-DAQS subgroup and imprecise estimates in the
high-DAQS subgroup.

To the best of our knowledge, this is the first study
exploring the relationship between UAR and mortality
in stroke patients. The positive linear associations
of UAR with all-cause and cardiovascular mortality
were different from the nonlinear or non-significant
associations between uric acid and prognosis of acute
stroke patients in previous studies (Liu et al. 2022;
Zhang et al. 2023). This dose-response relationship
highlighted pro-oxidative properties of chronic hyper-
uricemia on long-term mortality of stroke survivors.
Similar correlations have been observed among heart
diseases and diabetes. The extent of stenosis or occlu-
sion was more severe in coronary artery disease patients
with higher UAR than those with low UAR (Cakmak
et al. 2021; Yalcinkaya et al. 2024). Elevated UAR was
related to increased long-term cardiac mortality in

patients with unstable angina pectoris after percuta-
neous coronary intervention (Li et al. 2022). UAR was
identified as an independent risk factor for long-term
all-cause and cardiovascular mortality in diabetic
patients (Chen et al. 2024).

In addition, the findings emphasized the impor-
tance of overall dietary antioxidant quality for stroke
prognosis especially for those with elevated UAR.
Previous evidence suggested that the hyperuricemia-
related mortality risk was mitigated among chronic
kidney disease patients with higher DAQS (Shi & Fang
2024), demonstrating a similar modifying effect of high
dietary antioxidant quality as observed in our study.
One study found that the associations between hyper-
uricemia and all-cause and cardiovascular mortality
were non-significant among coronary heart disease
patients with adequate magnesium intake and low level
of magnesium depletion (Liu et al. 2024b).

Of note, continuous UAR remained significantly
associated with cardiovascular mortality in the
high-DAQS subgroup (HR 2.27, 95% CI 1.02-5.08,
p = 0.046), a finding that appears inconsistent with the
non-significant categorical result (HR 1.47, p = 0.267)
in the same stratum. This divergence likely reflects
the extreme sparsity of cardiovascular events in this
subgroup (n = 336, ~30 estimated cardiovascular
deaths) combined with the different mathematical
scaling of continuous versus categorical UAR, which
can produce artefactual significance in small samples.
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This finding should be interpreted as spurious pending
replication in a larger high-DAQS cohort.

Several mechanisms may underlie the UAR-mortality
relationship observed in this cohort. First, chronic
systemic inflammation, characterized by elevated uric
acid levels and decreased albumin levels, plays a crucial
role in the prognosis of stroke (He et al. 2025). In the
present study, the high-UAR group showed significantly
elevated NLR (2.67 vs. 2.44, p = 0.030), consistent with
the proposed role of chronic systemic inflammation
in post-stroke prognosis; this inflammatory difference
may partly explain why the UAR-mortality association
was attenuated in those with higher dietary antioxidant
quality, given that DAQS has been inversely correlated
with inflammatory cytokines (Luu ef al. 2015). Second,
uric acid and UAR were positively related to insulin
resistance (Dikker et al. 2023), which was an inde-
pendent risk factor for poor prognosis of stroke (Yang
et al. 2023), while higher DAQS showed an antagonistic

effect with insulin resistance (Wang et al. 2025). Third,
hyperuricemia had been demonstrated to cause endo-
thelial dysfunction, which also exerted influence on
the mortality of stroke patients (Huang et al. 2025).
Dietary antioxidants could improve endothelial func-
tion by reducing reactive oxygen species and preventing
oxidative modification of the low-density lipoprotein
(Ashor et al. 2015). Fourth, the lower albumin levels
in the high-UAR group (4.02 vs. 4.18 g/dL, p < 0.001;
Table 1) independently signal nutritional deficiency, as
hypoalbuminaemia has been linked to poor functional
outcomes and increased mortality in stroke patients
(Thuemmler et al. 2024; Zhu et al. 2025b).

In terms of the clinical implication, UAR provides
a cost-effective tool for identifying high risk stroke
patients with poor prognosis by using routine clinical
markers, which could be considered in the regular moni-
toring for stroke patients. In addition, since the levels
of antioxidants decreases after stroke (Sanchez-Moreno

Fig.3.A

Fig.3.B

10

08

06

04
1

e

(1]

Log-rank P=0 583

00

02

00

Log-rank P<0 0001

T T T T
100 150

Follow Up time (months)

Fig.3.C

T T T T
100 150

Follow Up ume {months)

Fig.3.D

1o

08

06

02

Log-rank P=0.150

00

1.0

0s

0.6

04

00

Log rank P=0.008

T T T T
100

Follow Up time (months)

T T T T
100 150

Follow Up time (months)

Fig. 3. Kaplan-Meier survival curves stratified by dietary antioxidant quality score (DAQS) and UAR level. Overall survival: A) High DAQS
(=5, n =336; Log-rank p > 0.05) and B) Low DAQS (<5, n = 789; Log-rank p < 0.0001). Cardiovascular-specific survival: C) High DAQS (=5;
Log-rank p > 0.05) and D) Low DAQS (<5; Log-rank p = 0.008). Within each panel, patients are stratified as Low UAR (<1.34) vs. High UAR
(>1.34). Participants were followed until death or December 31, 2019. Analysis incorporates NHANES sample weights. UAR: uric acid-to-

albumin ratio; DAQS: dietary antioxidant quality score
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et al. 2004), adequate intake of various anti-oxidative
nutrients from diet or supplement may provide poten-
tial long-term benefits for stroke patients, especially for
those with high levels of UAR.

There are several strengths of our study. First, to the
best of our knowledge, this is the first study focused on
the relationship of UAR with mortality among stroke
patients, and the potential effect of dietary antioxidant
quality on these associations. This study addresses
a critical gap in the literature and broadens the potential
clinical utility of UAR, as well as emphasizes the impor-
tance of adequate dietary antioxidants on mitigating
specific mortality risk in stroke prognosis management.
Second, based on the nationally representative data
collected by stratified, multistage probability sampling,
our sample can well represent the whole US stroke
survivors. Third, the median follow-up of 66.49 months
ensured sufficient mortality events for robust Cox
regression analyses. Despite these strengths, our study
has certain limitations. First, although based on the
cohort study design, it still cannot establish a causality,
clinical trials in stroke patients are warranted to confirm
the protective effect of antioxidant supplementation on
the elevated mortality risk associated with high UAR.
Second, our study was conducted only among US
participants, studies in ethnically and geographically
diverse populations are needed to confirm the gener-
alizability of these findings. In addition, information
on the stroke subtypes was not available in the data-
base, limiting further stratified analyses. Furthermore,
physical activity data were unavailable for 565 partici-
pants (47.59% of the sample), the largest single source
of missing covariate data in this study (Table 1).
Although physical activity was included as a categorical
covariate with three levels - below recommended, above
recommended, and unknown - the high proportion
of missing values limits the precision of its adjustment
and may introduce residual confounding. Unlike other
missing covariates (Table S1 imputation rate <7.56%),
physical activity was not imputed due to its categor-
ical structure and the large missing fraction; future
analyses should explore its sensitivity using available-
case restriction. Additionally, despite adjusting for
many conventional variables, the possibility of residual
confounding cannot be ruled out. Finally, reverse causa-
tion cannot be excluded: terminal illness may reduce
albumin and elevate uric acid independently, artificially
inflating UAR in patients already at high mortality risk.
The significantly lower albumin levels in the high-UAR
group (4.02 vs. 4.18 g/dL, p < 0.001; Table 1) are consis-
tent with this possibility and should be addressed in
future studies with repeat UAR measurements.

CONCLUSION

High UAR after stroke was associated with increased
all-cause mortality, and to a lesser and less consistent
extent with cardiovascular mortality. UAR, derived

from routine laboratory tests, may serve as a pragmatic
prognostic marker, identifying patients with about 37%
higher all-cause mortality risk and, in some models,
64% higher cardiovascular mortality risk. Exploratory
DAQS-stratified analyses suggested that excess
mortality risk with high UAR was most evident among
patients with low DAQS, whereas findings in those with
high DAQS were non-significant and imprecise, and
should be considered hypothesis-generating.
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SUPPLEMENTARY TABLES AND FIGURE

Supp. Tab. 1A. Variable missing proportion

Variables pm:::ir:i% n
Education 1 (0.09%)
PIR 85 (7.56%)
Drink 75 (6.67%)
BMI 49 (4.36%)
Neutrophils percent 8(0.71%)
Lymphocyte percent 8 (0.71%)

Supp. Tab. 1B. Variable distribution before and after imputation

Variables Before imputation  After imputation p
Education, n (%) 0.320
High school and below 688 (58.54) 689 (58.58)
College and above 436 (41.46) 436 (41.42)
PIR, n(%) 0.187
<13 430 (33.39) 471 (33.97)
>1.3 610 (66.61) 654 (66.03)
Drink, n(%) 0.257
< 1 time/week 873 (81.31) 939 (81.61)
> 1 time/week 177 (18.69) 186 (18.39)
BMI, kg/m2, Mean (S.E) 30.15(0.32) 30.14 (0.30) 0.882
Neutrophils percent, %, Mean (S.E) 60.30 (0.39) 60.29 (0.39) 0.569
Lymphocyte percent, %, Mean (S.E) 27.69 (0.37) 27.69 (0.37) 0.858

S.E: Standard Error. The P value was obtained by t-test for continuous variables and chi-square test for categorical variables. The multiple
imputation method of the chain equation in random forest was used, and the imputation processing was carried out using the miceforest

package in Python 3.9.

Supp. Tab. 2. Associations of UAR with all-cause and cardiovascular mortality in stroke patients (further adjusted gender)

Model 11l

HR (95%Cl) p
All-cause mortality
UAR as continuous 1.48 (1.14-1.91) 0.004
UAR level category
Low (UAR < 1.34) Reference
High (UAR > 1.34) 1.34(1.01-1.79) 0.047
Cardiovascular mortality
UAR as continuous 1.43(0.92-2.21) 0.107
UAR level category
Low (UAR < 1.34) Reference
High (UAR > 1.34) 1.63 (1.03-2.58) 0.039

HR: Hazard Ratio; Cl: Confidence Interval. All models incorporate NHANES sample weights. UAR as a continuous variable represents the
hazard ratio per 1-unit increase in UAR (mg/dL per g/dL). The total number of all-cause deaths was 356 (27.39%); cardiovascular deaths, 125

(9.07%).

Model Il (fully adjusted): All-cause mortality - age, gender, race, education, physical activity, energy intake, diabetes, hypertension, CVDs,
ALT; Cardiovascular mortality - age, physical activity, hypertension, dyslipidemia, CVDs. Covariates were selected based on univariate

significance (P < 0.05).
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Supp. Tab. 3. Stratified analysis for the associations of UAR with all-cause mortality and cardiovascular mortality in stroke patients based on
different level of DAQS (further adjusted gender)

High dietary antioxidant quality Low dietary antioxidant quality

92

(DAQS =5) (DAQS <5)

HR (95%(Cl) p HR (95%Cl) p
All-cause mortality?
UAR as continuous 1.63 (0.79-3.39) 0.185 1.49(1.14-1.95) 0.004
UAR level category
Low (UAR < 1.34) Reference Reference
High (UAR > 1.34) 1.15 (0.66-2.02) 0.613 1.54(1.13-2.10) 0.007
Cardiovascular mortality?
UAR as continuous 2.26 (1.02-5.00) 0.044 1.26 (0.80-2.00) 0318
UAR level category
Low (UAR < 1.34) Reference Reference
High (UAR > 1.34) 1.45 (0.76-2.80) 0.258 1.82(1.12-2.96) 0.016

HR: Hazard Ratio; CI: Confidence Interval.

All models incorporate NHANES sample weights. UAR as a continuous variable represents the hazard ratio per 1-unit increase in UAR. This
is a stratified analysis by DAQS level; no formal UAR x DAQS interaction test was performed. Subgroup sizes: High DAQS (=5), n =336
(32.49%), all-cause deaths = [n = 106]; Low DAQS (<5), n = 789 (67.51%), all-cause deaths = [n = 250]. Wide confidence intervals in the high-
DAQS subgroup reflect limited statistical power due to the smaller subgroup size.
'All-cause mortality: adjusted for age, gender, race, education, physical activity, diabetes, hypertension, CVDs, energy intake, ALT.
*Cardiovascular mortality: adjusted for age, gender, physical activity, hypertension, dyslipidemia, CVDs.

Supp. Tab. 4. Associations of UAR with all-cause and cardiovascular mortality in stroke patients [Sensitivity analysis in stroke patients with

complete physical activity (n = 560)]

Model Il

HR (95%Cl) p
All-cause mortality
UAR as continuous 2.05(1.08-3.87) 0.028
UAR level category
Low (UAR < 1.34) Reference
High (UAR > 1.34) 1.32(0.83-2.09) 0.239
Cardiovascular mortality
UAR as continuous 2.19 (0.96-5.00) 0.061
UAR level category
Low (UAR < 1.34) Reference
High (UAR > 1.34) 1.24 (0.67-2.27) 0.491

HR: Hazard Ratio; Cl: Confidence Interval. All models incorporate NHANES sample weights. UAR as a continuous variable represents the
hazard ratio per 1-unit increase in UAR (mg/dL per g/dL).
Model Il (fully adjusted): All-cause mortality - age, race, education, physical activity, energy intake, diabetes, hypertension, CVDs,

ALT; Cardiovascular mortality - age, physical activity, hypertension, dyslipidemia, CVDs. Covariates were selected based on univariate

significance (P < 0.05).
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Supp. Tab. 5. Associations of UAR with all-cause and cardiovascular mortality in stroke patients (Sensitivity analysis based on UAR tertiles)

Model Il

HR (95%Cl) p
All-cause mortality
UAR level category
<1.20 Reference
1.20~1.54 0.91 (0.61-1.36) 0.651
>1.54 1.35(0.96-1.90) 0.081
Cardiovascular mortality
UAR level category
<1.20 Reference
1.20~1.54 1.02 (0.51-2.04) 0.960
>1.54 1.20 (0.65-2.21) 0.563

HR: Hazard Ratio; Cl: Confidence Interval. All models incorporate NHANES sample weights. UAR as a continuous variable represents the

hazard ratio per 1-unit increase in UAR (mg/dL per g/dL).

Model Il (fully adjusted): All-cause mortality - age, race, education, physical activity, energy intake, diabetes, hypertension, CVDs,
ALT; Cardiovascular mortality - age, physical activity, hypertension, dyslipidemia, CVDs. Covariates were selected based on univariate

significance (P < 0.05).

Stroke patients from 2007-2018 NHANES (n=1398)

Exclusion criteria:
# 1) Incomplete measurement of uric acid or albumin (n=179)
2) Incomplete information on survival status (n=2)

Exclusion criteria:
»| 3) Incomplete information on dietary antioxidants
consumption (n=92)

Y

Final sample for analysis (n= 1125)
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Supp. Fig. 1. Flowchart of participant
selection from the National
Health and Nutrition Examination
Survey (NHANES) 2007-2018.
Stroke patients were identified
from the total NHANES sample
by self-report. Exclusions were
applied sequentially: missing uric
acid or albumin (n = 179), missing
survival status (n = 2), and
incomplete dietary antioxidant
data (n = 92), yielding a final
analytic sample of n =1,125.
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