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Background and aims: Urine ketone bodies have been considered as predictors of stroke in diabetic
patients, however, the role of urine ketone bodies in the prognosis of stroke has not been investigated
well. This study aimed to investigate the association between urine ketone bodies and adverse outcomes
in patients with acute ischemic stroke (AIS) or transient ischemic attack (TIA).
Methods: This study enrolled 14 015 patients with AIS or TIA who screened for urine ketone bodies from
the Third China National Stroke Registry. Status of urine ketone bodies were classified into negative,
suspicious positive and positive. The outcomes were all-cause death and poor functional outcomes
(modified Rankin Scale [mRS] 2e6/3-6) at 3 months and 1 year. Multivariable Cox proportional hazards
regressions and logistic regressions were adopted to explore the associations.
Results: Participants with negative, suspicious positive and positive urine ketone bodies were 12979
(92.61%), 480 (3.42%) and 556 (3.97%). After multivariate adjustment, patients with positive urine ketone
bodies had a higher risk of all-cause death (hazard ratio, 1.74; confidence interval [CI], 1.07e2.83), a
higher proportion of mRS score 2e6 (Odds ratio [OR], 1.85; 95% CI, 1.51e2.27), mRS score 3e6 (OR, 2.00;
95% CI, 1.61e2.48) at 3 months, compared to those with negative urine ketone bodies. Significant as-
sociations persisted at 1 year. Furthermore, there was no significant interaction of diabetes status and
alcohol use with urine ketone bodies.
Conclusions: Positive urine ketone bodies can independently predict all-cause death and poor functional
outcomes in patients with AIS or TIA.
© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Ketone bodies are the metabolic intermediates of human fat by
liver and composed of three molecules: 3-hydroxybutyrate,
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acetoacetate, and acetone [1]. They play an important role in
providing energy to the tissues in the brain, heart, muscle, and
kidney in the conditions of glucose insufficiency and uncontrolled
diabetes [2]. Although ketone bodies serve as substrates for energy,
excessive amounts of them may lead to acidosis, causing acid-base
balance, which was significantly associated with mortality and
morbidity [3]. Derangements of ketone body metabolism occur in
numerous disease states, including types 1, 2 diabetes, heart failure,
cerebral infarction, and ketone body metabolism changes over the
course of normal aging [4e9]. Previous studies reported that ke-
tone bodies were related to the incidence and prognosis of some
diseases, such as specific viral infections, intractable epilepsy, drug
poisoning, thus ketone bodiesmay have an impact on the prognosis
of some certain disease under physiological and pathological con-
ditions [10].
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Although it has been reported that ketoacidosis was a predictor
of stroke, these studies mainly focused on patients with diabetes
[8,11,12]. Furthermore, evidence from large sample study on the
association between urine ketone bodies and prognosis of stroke
remains limited up to now. Therefore, the purpose of this study was
to investigate the association between urine ketone bodes and the
risk of adverse outcomes in patients with acute ischemic stroke
(AIS) or transient ischemic attack (TIA), using data from the cohort
of the Third China National Stroke Registry (CNSR-III), and further
to explore whether the associations were modified by diabetes
status and alcohol use.

Materials and methods

Study population

Data were derived from CNSR-III, which was a nationwide,
consecutive, multicenter, prospective registry for patients with AIS
or TIA presented to hospitals between 2015 and March 2018 in
China. Participants were consecutively enrolled if meeting the
following criteria: (1) >18 years old; (2) diagnosis of ischemic
stroke or TIA within 7 days; (3) informed consent from participant
or legally authorized representative. Finally, 15 166 patients were
enrolled from 201 hospitals of 22 provinces. The detailed, rationale,
and basic descriptions of the CNSR-III have been published previ-
ously [13].

Baseline data collection

Trained research coordinators collected baseline data at each
site via a direct interview or medical records, including age, sex,
body mass index (BMI, calculated as weight in kilograms divided by
height in meters squared, kg/m2), smoking status, self-reported
alcohol use (never, current [drinking within the past 6 months],
and past [cessation of more than 6 months]), National Institutes of
Health Stroke Scale (NIHSS) assessed by trained neurologists on
admission, time from onset from symptom to admission, medical
history of ischemic stroke, TIA, hypertension, diabetes mellitus,
dyslipidemia, atrial fibrillation/flutter (AF), carotid artery stenosis,
epilepsy, and infection; laboratory test (including fasting plasma
glucose [FPG], hemoglobin A1c [HbA1c], estimated glomerular
filtration rate [eGFR] calculated by the creatinine-based Chronic
Kidney Disease Epidemiological Collaboration equation, high-
sensitivity C-reactive protein [hs-CRP], leukocytes, and hemato-
crit); stroke type (IS or TIA); the etiology classification of ischemic
stroke according to the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) criteria [14], admission diagnosis (hypertension, diabetes,
and hyperlipidemia), and medications in hospital (cholesterol-
lowering agents, antihypertensive agents, hypoglycemic agents,
antiplatelet agents, and anticoagulant agents).

Diabetes status was assessed by FPG or HbA1c levels, admission
diagnosis of diabetes, and use of glucose-lowering medications as
follows: 1) diabetes was defined as HbA1c � 6.5%, or FPG
�7.0 mmol/L, or receiving a diagnosis of diabetes, and/or taking
antidiabetic medication; 2) prediabetes or impaired glucose toler-
ance was defined as HbA1c 5.7%e6.4% and/or FPG 5.6e7.0 mmol/L;
or 3) no diabetes was defined as HbA1c <5.7% and FPG <5.6 mmol/
L.

Sample collection and measurements of urine ketone bodies

Fasting blood samples and randomurine samples were collected
within 24 h of admission, then were preserved and processed in a
manner recommended by the clinical site laboratory's policies and
procedures in every hospital [13]. All the blood and urine samples
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were collected and then frozen in cryotube at �80 �C refrigerator
until testing was performed. Urine ketone bodies measurements
were performed by urine dipstick (Siemens Multistix 10SG). The
results of the urine strip test were semiquantified as negative (�),
suspicious positive (±) or positive (þ, 2þ, or �3þ). Laboratory
technicians were blinded to the clinical outcomes of patients. All
measurements were performed according to the manufacturers'
recommendations.
Follow-up and adverse outcomes

Patients were interviewed face-to face at 3 months and con-
tacted over the telephone by trained research coordinators at 1
year. Adverse outcomes in our study include all-cause death and
poor functional outcomes, these information were collected by
trained research coordinators who were blinded to subjects’
baseline characteristics. All-cause death was defined as death from
any cause and confirmed by a death certification from the attended
hospital or the local citizen registry. Poor functional outcome was
defined as modified Rankin Scale (mRS) score ranged 2e6 or 3e6.
Statistical analysis

Patients were categorized into 3 groups by urine ketone bodies
states: negative, suspicious positive, positive. Continuous variables
were presented as medians and interquartile ranges because of
skewed distribution, differences among groups were compared
with nonparametric Wilcoxon or Kruskal-Wallis test. Categories
variables were presented as frequencies with percentages, and
were compared with chi-square test. The Kaplan-Meier method
and log-rank test were used to estimate the cumulative incidence of
all-cause mortality. Ordinal logistic regression was applied to esti-
mate the common odds ratio (OR) for a shift in the direction of a
worse outcome on the mRS score.

Cox proportional hazard models and logistic regression models
were used to explore the associations of urine ketone bodies states
with all-cause death and poor functional outcomes, respectively,
with patients with negative urine ketone bodies as the reference.
Because 201 hospitals participated in the study, the hospitals were
treated as clusters in the model and the sandwich estimator was
used to account for the correlations. Variables were adjusted in the
multivariable analyses if established as traditional predictors for
outcomes or associated with urine ketone bodies in univariate
analysis with a value of p < 0.2. Unadjusted and adjusted hazard
ratios (HRs) or ORs and their 95% confidence intervals (CIs) were
calculated. Three models were constructed. Model 1 was unad-
justed; Model 2 was adjusted for age and gender; Model 3 was
further adjusted for BMI, alcohol use, NIHSS score, medical history
of AF, carotid artery stenosis, epilepsy, infection, stroke type, TOAST,
diabetes status, diabetes types, FPG, eGFR, hs-CRP, hypoglycemic
agents, antiplatelet agents, and anticoagulant agents. To test the
robust of the finding, we further adjusted for time from onset of
symptom to admission, leukocytes, and hematocrit in the sensi-
tivity analysis. Additionally, we used C statistics, integrated
discrimination (IDI), and net reclassification index (NRI) to evaluate
the incremental predictive value of urine ketone bodies beyond
conventional risk factors. We further tested the interactions of
diabetes status and alcohol use with urine ketone bodies by adding
their product terms into the full adjusted model using likelihood
ratio test for significance.

All tests were two-sided, and a P value of 0.05 was considered
statistically significant. All statistical analyses were performed by
SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA).
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Results

Baseline characteristics

After the exclusion of patients with missing available data on
urine ketone bodies (n¼ 746), andmissing available data onmRS at
3 months or 1 year (n ¼ 405), 14 015 patients were included in our
analysis. Participants with negative, suspicious positive and posi-
tive urine ketone bodies were 12979 (92.61%), 480 (3.42%) and 556
(3.97%), respectively. Compared to patients with negative urine
ketone bodies, those with positive urine ketone bodies were more
likely to have a lower BMI, a higher NIHSS score, shorter time from
onset of symptom to admission, a higher prevalence of diabetes
mellitus, AF, epilepsy, infection, have higher levels of FPG, eGFR,
hsCRP, and leukocytes, a larger proportion of diabetes, especially
type 1 diabetes on admission, large-artery atherosclerosis subtype,
more likely to take hypoglycemic agents, antiplatelet agents and
anticoagulant agents (Table 1).

Urine ketone bodies and adverse outcomes

At 3-months assessment, death occurred in 197 (1.41%) patients,
Table 1
Baseline characteristics according to urinary ketone bodies.

Variable Overall Urina

Nega

No. of patients 14015 1297
Demographic information
Age, y 62(54e70) 62(54
Men 9567(68.26) 8854
BMI, kg/m2 24.49(22.60e26.57) 24.49
Current smoker 4382(31.27) 4062
Current alcohol drinking 2272(16.21) 2083

NIHSS score on admission 3.00(1.00e6.00) 3.00(
Time from onset of symptoms to admission, hour 14.00(3.00e44.00) 15.00
Medical history, n (%)
Ischemic stroke 3082(21.99) 2869
TIA 396(2.83) 373(2
Hypertension 8774(62.60) 8131
Diabetes mellitus 3252(23.20) 2900
Hyperlipidemia 1112(7.93) 1021
Atrial fibrillation/flutter 920 (6.56) 806 (
Peripheral vascular disease 107 (0.76) 101 (

Laboratory index
FPG, mmol/L 5.52(4.90e6.88) 5.50(
eGFR, mL/min/1.73 m2 93.03(81.42e101.84) 92.94
hsCRP, mg/L 1.74(0.81e4.56) 1.65(
Leukocytes, � 109/L 6.90(5.71e8.40) 6.84(
Hematocrit, % 41.10(36.90e44.50) 41.10

Alb
Stroke subtypes, n (%)
Ischemic stroke 13058(93.17) 1204
TIA 957(6.83) 938(7

TOAST
Large-artery atherosclerosis 3537(25.24) 3174
Cardioembolism 829(5.92) 737(5
Small-vessel occlusion 2956(21.09) 2834
Other determined etiology 173(1.23) 164(1
Undetermined etiology 6520(46.52) 6070

Admission diagnosis, n (%)
Hypertension 10275(73.31) 9524
Diabetes mellitus 4506(32.15) 4052
Hyperlipidemia 5155(36.78) 4770

Medication in hospital
Cholesterol-lowering agents 13423(96.42) 1243
Antihypertensive agents 6477(46.53) 6010
Hypoglycemic agents 3519(25.28) 3127
Antiplatelet agents 13530(97.19) 1255
Anticoagulant agents 1396(10.03) 1259

Abbreviations: BMI ¼Body Mass Index; eGFR ¼ estimated glomerular filtration rate; FP
National Institutes of Health Stroke Scale.
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mRS score 2e6 occurred in 3563 (25.42%) patients, and mRS score
3e6 occurred in 1896 (13.53%) patients. At 1-year assessment,
death occurred in 431 (3.08%) patients, mRS score 2e6 occurred in
3262 (23.28%) patients, and mRS score 3e6 occurred in 1811
(12.92%) patients. The Kaplan-Meier curves showed patients with
positive urine ketone bodies had a higher incidence of all-cause
death at both 3-months and 1-year follow-up (log-rank test
p < 0.01, Fig. 1A and B). There were significant shifts in the distri-
butions of the mRS scores according to the status of urine ketone
bodies, the common OR was 1.49 (95% CI, 1.27e1.75) at 3-months
assessment and 1.31 (95% CI, 1.12e1.54) at 1-year assessment
(Fig. 2).

After adjusting for potential covariates, positive urine ketone
bodies was associated with elevated risk of all-cause mortality (HR,
1.74; 95% CI, 1.07e2.83) at 3 months, compared to negative urine
ketone bodies. Additionally, both suspicious positive and positive
urine ketone bodies were significantly related to high risk of poor
functional outcomes, the adjusted ORs were 1.53 (95% CI,
1.23e1.90) and 1.85 (95% CI,1.51e2.27) formRS score 2e6,1.65 (95%
CI, 1.29e2.12) and 2.00 (95% CI, 1.61e2.48) for mRS score 3e6,
respectively. These associations persisted in the sensitivity analysis
and when the time point was set up at 1 year (Table 2).
ry ketone bodies

tive Suspicious positive Positive P value

9(92.61) 480(3.42) 556(3.97)

e70) 63(54e71) 62(54e71) 0.9773
(68.22) 341(71.04) 372(66.91) 0.3337
(22.66e26.57) 24.22(22.56e26.30) 23.88(22.04e25.95) <0.0001
(31.30) 151(31.46) 169(30.40) 0.9004
(16.05) 89(18.54) 100(17.99) 0.1773
1.00e5.00) 4.00(2.00e8.00) 6.00(3.00e10.00) <0.0001
(3.00e45.00) 10.00(2.00e30.00) 10.00(3.00e34.00) 0.0022

(22.10) 94(19.58) 119(21.40) 0.4001
.87) 9(1.88) 14(2.52) 0.3903
(62.65) 300(62.50) 343(61.69) 0.9000
(22.34) 158(32.92) 194(34.89) <0.0001
(7.87) 43(8.96) 48(8.63) 0.5649
6.21) 51 (10.63) 63 (11.33) <0.0001
0.78) 1 (0.21) 5 (0.90) 0.3456

4.89e6.73) 6.38(5.23e9.44) 6.10(5.02e9.53) <0.0001
(81.34e101.71) 94.52(81.15e102.60) 94.88(84.45e104.49) 0.0006
0.79e4.26) 2.78(1.03e7.33) 4.95(1.49e17.44) <0.0001
5.70e8.31) 7.60(6.19e9.30) 7.80(6.32e9.61) <0.0001
(36.90e44.50) 41.70(37.00e45.60) 41.20(36.80e44.70) 0.0613

1(92.77) 467(92.29) 550(98.52) <0.0001
.23) 13(2.71) 6(1.08)

<0.0001
(24.45) 161(33.54) 202(36.33)
.68) 37(7.71) 55(9.89)
(21.84) 65(13.54) 57(10.25)
.26) 3(0.63) 6(1.08)
(46.77) 214(44.58) 236(42.45)

(73.38) 343(71.46) 408(73.38) 0.6456
(31.22) 212(44.17) 242(43.53) <0.0001
(36.75) 187(38.96) 198(35.61) 0.5193

8(96.44) 455(95.39) 530(96.89) 0.3979
(46.60) 215(45.07) 252(46.07) 0.7871
(24.25) 182(38.16) 210(38.39) <0.0001
2(97.32) 454(95.18) 524(95.80) 0.0027
(9.76) 59(12.37) 78(14.26) 0.0006

G ¼ fasting plasma glucose; hs-CRP ¼ high sensitivity C-reactive protein; NIHSS ¼



Fig. 1. Kaplan-Meier curves of the incidence rate of all-cause death by status of urine ketone bodies. A: Death at 3 months; B: Death at 1 year.

Fig. 2. The distribution of Modified Rankin Scale Scores Stratified by status of urine ketone bodies.
The figure is shown the distribution of scores on the modified Rankin Scale. Scores range from 0 to 6, with 0 indicating no symptoms, 1 no clinically significant disability, 2 slight
disability, 3 moderate disability, 4 moderately severe disability, 5 severe disability and 6 death.
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Incremental predictive value of urine ketone bodies

We evaluated whether urine ketone bodies would further in-
crease the predictive value of convention risk factors. FormRS score
3e6 at 3 months as the outcome of interest, the C statistics by the
conventional model significantly improve with the addition of
urine ketone bodies (from 0.782 to 0.786, p < 0.0001), furthermore,
the discriminatory power and risk reclassification appeared to be
substantially better (IDI 0.74%, P < 0.0001; NRI 2.33%, p ¼ 0.0023).
Similar results were found for mRS score 2e6 and when the time
point was set up as 1 year. However, insignificant results were
observed when all-cause death as the outcome of interest (Table 3).

Subgroup analysis

There was no significant interaction between urine ketone
bodies and diabetes status when all-cause mortality (p for
interaction ¼ 0.9140), mRS score 2e6 (p for interaction ¼ 0.1168),
23
mRS score 3e6 (p for interaction ¼ 0.1171) at 3 months were
considered as the outcomes of interest. The associations between
urine ketone bodies and adverse outcomes were also consistent in
current drinkers and non-drinkers, all P for interactions were
>0.05. Similar results were observed for 1 year follow-up
(Tables S1eS2 in the online-only Data supplement).

Discussion

Results from this prospective study conducted in the CNSR-III
showed that positive urine ketone bodies were significantly asso-
ciated with the risk of all-cause death and poor functional out-
comes in patients with AIS or TIA at 3 months and 1 year.
Furthermore, the associations were not significantly modified by
diabetes status and alcohol use.

There are very limited data in the literature as to whether urine
ketone bodies is associated with the risk of all-cause death and
poor functional outcomes in patients with AIS or TIA. The role of



Table 2
HRs (95% CIs) for outcomes according to urinary ketone bodies status.

Outcomes Urinary ketone bodies P for trend

Negative Suspicious positive Positive

At 3 month
Death 158 (1.22) 15 (3.13) 24 (4.32)
Model 1 Reference 1.98(1.15e3.41) 2.93(1.88e4.59) <0.0001
Model 2 Reference 1.86(1.08e3.22) 3.15(2.01e4.94) <0.0001
Model 3 Reference 1.32(0.75e2.32) 1.74(1.07e2.83) 0.0202
Sensitivity analysis Reference 1.29(0.73e2.27) 1.87(1.14e3.05) 0.0113

mRS score 2-6 3092 (23.82) 193 (40.21) 278 (50.00)
Model 1 Reference 2.03(1.66e2.48) 2.92(2.43e3.50) <0.0001
Model 2 Reference 2.05(1.68e2.51) 3.00(2.49e3.60) <0.0001
Model 3 Reference 1.53(1.23e1.90) 1.85(1.51e2.27) 0.0169
Sensitivity analysis Reference 1.72(1.39e2.12) 2.37(1.96e2.87) 0.0252

mRS score 3-6 1589 (12.24) 121 (25.21) 186 (33.45)
Model 1 Reference 2.22(1.77e2.79) 3.23(2.66e3.93) <0.0001
Model 2 Reference 2.26(1.80e2.85) 3.32(2.72e4.05) <0.0001
Model 3 Reference 1.65(1.29e2.12) 2.00(1.61e2.48) 0.0237
Sensitivity analysis Reference 1.84(1.45e2.34) 2.57(2.08e3.16) 0.0247

At 1 year
Death 361 (2.78) 29 (6.04) 41 (7.37)
Model 1 Reference 2.00(1.36e2.96) 2.36(1.68e3.30) <0.0001
Model 2 Reference 1.89(1.28e2.80) 2.49(1.77e3.50) <0.0001
Model 3 Reference 1.48(0.99e2.22) 1.62(1.14e2.32) 0.0024
Sensitivity analysis Reference 1.55(1.03e2.31) 1.81(1.27e2.59) <0.0001

mRS score 2-6 2846 (21.93) 179 (37.29) 237 (42.63)
Model 1 Reference 2.05(1.68e2.51) 2.44(2.03e2.93)
Model 2 Reference 2.08(1.70e2.56) 2.52(2.09e3.03) <0.0001
Model 3 Reference 1.63(1.31e2.02) 1.63(1.33e1.98) <0.0001
Sensitivity analysis Reference 1.80(1.45e2.22) 2.01(1.66e2.44) <0.0001

mRS score 3-6 1527 (11.77) 119 (24.79) 165 (29.68)
Model 1 Reference 2.34(1.87e2.94) 2.86(2.34e3.50)
Model 2 Reference 2.40(1.90e3.02) 3.00(2.44e3.68) <0.0001
Model 3 Reference 1.84(1.44e2.37) 1.90(1.52e2.38) 0.0147
Sensitivity analysis Reference 2.07(2.62e2.63) 2.37(1.90e2.94) 0.0160

Abbreviations: CIs ¼ confidence intervals; HRs ¼ hazard ratios; mRS ¼ modified Rankin Scale.
Model 1: unadjusted.
Model 2: adjusted for age and gender.
Model 3: further adjusted for BMI, current alcohol use, NIHSS score, medical history of diabetes mellitus, atrial fibrillation/flutter, stroke type, TOAST, FPG, eGFR, hs-CRP,
diagnosis of diabetes mellitus, hypoglycemic agents, antiplatelet agents, and anticoagulant agents during hospitalization.
Sensitivity analysis was further adjusted for time from onset of symptom to admission, leukocytes, and hematocrit.

Table 3
Reclassification and discrimination statistics for adverse outcomes at 3 months and 1 year by urine ketone bodies.

C statistics IDI NRI (continuous) NRI (categorical)a

Estimate (95% CI) P value Estimate (95% CI), % P value Estimate (95% CI), % P value Estimate (95% CI), % P value

Outcomes at 3 months
Death
Conventional modelb 0.821 (0.792e0.851) Reference Reference Reference
Conventional model þ urine ketone bodies 0.824 (0.795e0.854) 0.2197 0.24 (�0.06e0.56) 0.1325 6.65 (�5.41e18.72) 0.3536 0.06 (�4.16e3.02) 0.7544
mRS score 2e6
Conventional modelb 0.764 (0.755e0.773) Reference Reference Reference
Conventional model þ urine ketone bodies 0.767 (0.758e0.775) 0.0004 0.54 (0.38e0.70) <0.0001 1.78 (�0.97e4.52) 0.3596 1.02 (0.32e1.72) 0.0044
mRS score 3e6
Conventional modelb 0.781 (0.771e0.792) Reference Reference Reference
Conventional model þ urine ketone bodies 0.786 (0.775e0.796) 0.0001 0.75 (0.51e0.99) <0.0001 4.00 (0.24e7.75) 0.0106 2.20 (0.66e3.75) 0.0053
Outcomes at 1 year
Death
Conventional modelb 0.788 (0.765e0.810) Reference Reference Reference
Conventional model þ urine ketone bodies 0.790 (0.768e0.812) 0.0899 0.18 (�0.02e0.39) 0.0794 5.88 (�2.02e13.79) 0.2291 0.99 (�1.38e3.36) 0.4125
mRS score 2e6
Conventional modelb 0.737 (0.728e0.747) Reference Reference Reference
Conventional model þ urine ketone bodies 0.739 (0.730e0.749) 0.0064 0.40 (0.26e0.53) <0.0001 0.88 (�1.98e3.75) 0.6589 0.71 (�0.14e1.55) 0.1029
mRS score 3e6
Conventional modelb 0.771 (0.760e0.783) Reference Reference Reference
Conventional model þ urine ketone bodies 0.776 (0.764e0.787) 0.0002 0.63 (0.41e0.85) <0.0001 6.10 (2.26e9.94) 0.0154 1.31 (�0.13e2.75) 0.0741

Abbreviations: CI ¼ confidence interval; IDI ¼ integrated discrimination improvement; NRI ¼ net reclassification index; mRS ¼ modified Rankin Scale.
a Patients were divided into 3 risk categories by urine ketone bodies.
b Conventional model: adjusted for age, gender, BMI, current alcohol use, NIHSS score, medical history of diabetes mellitus, atrial fibrillation/flutter, stroke type, TOAST, FPG,

eGFR, hs-CRP, diagnosis of diabetes mellitus, hypoglycemic agents, antiplatelet agents, and anticoagulant agents during hospitalization.
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ketone bodies or ketoacidosis was paid more attention on patients
with diabetes. Diabetic patients not only have increased ketone
production but their ketone clearance also significantly goes down
[15], which can be attributed to their inherently low insulin levels
as insulin is required for efficient ketone clearance [16]. A review
demonstrated that hyperketonemia and ketosis would increase the
risk of complications in type1 diabetes [17], especially would in-
crease the risk of diabetic ketoacidosis (DKA), a serious complica-
tion in these patients [18]. Previous studies reported that DKA was
often complicated with cerebral edema in children, extremely in
those with newly diagnosed diabetes and in very young adults
under 20 years of age [19,20]. Cerebral edema associated with
hyperketonemia has been implicated to intracerebral complica-
tions and neurological deterioration [21]. A retrospective nation-
wide population-based cohort study with 3572 type 2 diabetes
patients with DKA and 7144 controls found that type 2 diabetes
patients with previous DKA had a higher risk of stroke, especially
ischemic stroke, compared to those without DKA [22].

The association between abnormal urine ketone bodies and
disease outcomes in non-diabetes individuals was mainly con-
ducted among alcoholics. Alcoholic ketoacidosis occurred when the
levels of ketones in the blood elevated causing by alcohol abuse,
which was common in the emergency room in alcoholics [7]. Most
commonly this condition was associated with normal blood
glucose levels. However, the patients may become hypoglycemic
and are rendered unconscious with potential brain damage when
accompanied with malnourishment (low carbohydrate intake)
[23,24], which indicated the potential negative effect of ketone
bodies on nervous system in non-diabetic patients. Thus ketoaci-
dosis may contribute to the pathology of adverse outcomes after
stroke.

To our best knowledge, there has been no study evaluating the
associations between urine ketone bodies and adverse outcomes in
patients with AIS or TIA. The role of urine ketone bodies was
extended to patients with AIS or TIA as an independent predictor of
adverse outcomes after stroke, the associations were independent
of hematocrit and leukocytes, which reflect inflammatory process
and were also reported to be associated with stroke prognosis
[25,26]. In addition, our study also found all the associations were
consistent in different diabetes status, and in current drinker and
non-drinkers. The detection of urine ketone bodies in urine is easily
accessible, inexpensive, rapid and high repeatability, and it is
convenient for clinical doctors to make decisions and treatment
according to the results. Stroke patients with positive urine ketone
may warrant particular vigilance and should be follow-up closely
for the prevention of adverse outcomes.

Although the mechanisms responsible for the association be-
tween urine ketone bodies and adverse outcomes of stroke are still
unknown, several possibilities have been proposed. First, the
ketoacidosis was associated with a systemic inflammatory
response mediated by signaling molecules, and was characterized
by an increase of inflammatory markers (such as C-reactive pro-
tein), cytokines [interleukin (IL)-6, IL-1 IL-1b, tumour necrosis
factor (TNF)-a] and complement activation [27,28]. Second, ketones
were shown to accelerate oxidative stress in cardiomyocytes,
erythrocytes, and endothelial cells, and oxidative stress induced by
ketosis may further contribute to the inflammatory reaction and
result in diffuse vascular injury [29,30]. It was becoming clear that
the elevated levels of oxidative stress can increase the oxidation of
low-density lipoprotein and thereby promote or increase the risk
for atherosclerosis, that may be proportional to the degree of
severity of stroke, and influenced the prognosis of stroke [31]. The
clear mechanisms still needed further investigations.

The strength of our study is that it is a multicenter prospective
registry with a large sample size, which supports sufficient
25
statistical power. However, there were still several limitations to
our study. First, the ketone bodies assessment by urine dipstick was
considered only semiquantified as negative, suspicious positive or
positive. Further consideration of trace/small ketones versus
moderate/large ketones may provide more detailed information.
Additionally, quantitative measurement of ketone bodies and in-
formation of albuminuria were not available, which warrants
further investigation. Second, urine dipsticks react more with
acetoacetate and acetone, but less with b-hydroxybutyrate, the test
result could also reflect the real metabolism status of urine ketone
bodies in our body. Furthermore, the method is rapid, easily
accessible, inexpensive, and has excellent sensitivity for DKA in
clinical practice. Third, this study only monitored baseline ketone
bodies and did not examine the dynamic changes in urine ketone
bodies, which may provide more valuable information to under-
stand the mechanism of the associations. Fourth, equipment het-
erogeneity at research centers may lead to biased estimates of
results, but this may have little impact, because the hospital was
treated as clusters in the model and the sandwich estimated were
used to account for the correlations in our study. Fifth, oral glucose
tolerance test (OGTT) has not been used for diabetes diagnosis so
that there might be misclassification of diabetes patients, however,
given that HbA1c is more reliable compared with an OGTT, the
misclassification is likely to be only moderate [32]. Finally, because
all the patients were from China, the findings should be extrapo-
lated cautiously to other populations. Further prospective studies
conducted among different populations are needed to replicate our
findings.

In conclusion, we found that positive urine ketone bodies were
significantly associatedwith elevated risk of all-causemortality and
poor functional outcomes in patients with AIS or TIA at 3 months
and 1 year, regardless of the diabetes status and alcohol use. The
results suggested that stroke patients with positive urine ketone
bodies warrant particular vigilance in clinical practice.
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