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ABSTRACT

Background and purpose The clinical significance of
carbon dioxide combining power (CO,CP) in ischagmic
cerebrovascular disease is not well established, and the
role of CO,CP in the prognosis of acute ischaemic stroke
(AIS) or transient ischaemic attack (TIA) has not been
reported. The objective of the study was to investigate
the associations between CO,CP and clinical outcomes in
patients with AIS or TIA.

Methods Data were derived from the China National
Stroke Registry IIl. Patients were classified into five groups
by quintiles of CO,CP levels and three groups according to
the normal range of CO,CP (23-29 mmol/L). Multivariable
Cox and logistic regressions were adopted to explore the
associations of CO,CP levels with all-cause death and
poor functional outcomes (modified Rankin Scale (mRS)
3-6/2-6) at 3 months and 1 year.

Results Among 9531 patients included in the study, the
median (IQR) CO,CP was 24.9 (23.0-27.0) mmol/L. After
adjustment for potential confounders, patients in the first
CO,CP quintile (21.1-23.3mmol/L) had higher risk of all-
cause death and poor functional outcomes (mRS score
of 3—6/2-6) (HR or OR with 95% Cl 2.37 (1.32 t0 4.25),
1.49 (1.20 to 1.83) and 1.21 (1.03 to 1.42), respectively)
compared with those in the fourth quintile. Similar
results were found for outcomes at 1year. Furthermore,
all associations were also significant when CO,CP was
<23 mmol/L compared with CO,CP of 23-29 mmol/L.
Conclusions Decreased CO,CP was associated with high
risk of all-cause death and poor functional outcomes in
patients with AIS or TIA.

INTRODUCTION
Carbon dioxide combining power (CO,CP) is
a measure of alkali reserve and can help to
diagnose the metabolic type of acidosis and
alkalosis.! ? The determination of CO,CP basi-
cally represents the amount of alkali reserves
in the blood and determines whether an acid-
base disturbance is present and if so to what
degree. Decreased CO,CP has been demon-
strated to be an indicator of metabolic acidosis
in patients without respiratory disease.”
Previous studies have shown that metabolic
acidosis is associated with insulin resistance,’
hypertension,4 inﬂammation,5 activation of
the renin-angiotensin-aldosterone system6
and endothelial dysfunction,7 all of which can
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contribute to adverse clinical outcomes after
stroke.® 8 Furthermore, acidosis is common
and has been proven to be associated with
poor outcomes in ischaemic stroke.” Herein,
it is logical to consider CO,CP as a risk factor
for poor outcomes of stroke.

Clinical evidence has shown that decreased
CO,CP is associated with advanced clin-
ical stages of cancer and may predict worse
outcomes of disease-free survival in patients
with stage II/III colorectal cancer.! Another
study revealed that decreased CO,CP was
an independent risk factor for the develop-
ment of acute kidney injury and in-hospital
mortality. However, the role of COQCP in the
prognosis of acute ischaemic stroke (AIS) or
transient ischaemic attack (TTA) has not been
examined to date. Therefore, in the present
study, we sought to investigate the poten-
tial associations between CO,CP levels and
adverse clinical outcomes in patients with AIS
or TIA.

METHODS

Study population

The data analysed in this study were obtained
from the Third China National Stroke
Registry (CNSR-III), which is a nationwide
prospective registry including 201 hospitals
of 22 provinces. The registry contains data
of patients with AIS or TIA who presented to
these hospitals from August 2015 to March
2018. A total of 15166 participants with AIS
or TIA at 7 days from symptom onset were
enrolled in CNSR-III. The details, rationale
and basic description of CNSR-III have been
published previously.'

Data collection

Baseline data were prospectively collected
using an electronic data capture system by
face-to-face interviews following a standard
data collection protocol that was developed
by the steering committee, which included
age, sex, body mass index (BMI; calculated as
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weight in kilograms divided by height in metres squared,
kg/m?), medical history (hypertension, diabetes mellitus,
dyslipidaemia, stroke or TIA, atrial fibrillation or flutter,
peripheral vascular disease, heart failure, chronic obstruc-
tive pulmonary disease (COPD)), stroke type (ischemic
stroke or TTA), aetiology classification of ischaemic stroke
performed according to the TOAST (Trial of Org 10172
in Acute Stroke Treatment) criteria,11 current smoker,
in-hospital medication (cholesterol-lowering agents, anti-
hypertensive agents, hypoglycaemic agents, antiplatelet
agents and anticoagulant agents), severity of stroke on
admission (National Institutes of Health Stroke Scale,
NIHSS)," time from onset of symptoms to admission,
total cholesterol, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, triglyceride, fasting
blood glucose, estimated glomerular filtration rate calcu-
lated using the creatinine-based Chronic Kidney Disease
Epidemiological Collaboration equation'” and high-
sensitivity C reactive protein (hs-CRP), and medication
on discharge (cholesterol-lowering agents, antihyperten-
sive agents, hypoglycaemic agents, antiplatelet agents and
anticoagulant agents).

CO,CP testing

Fasting blood samples were collected at 24hours
after admission. The samples were placed into serum-
separation tubes and EDTA anticoagulation blood
collection tube and kept at room temperature. After-
wards, CO,CP was analysed by automated haematology
analyser at 1 hour after sample collection at each research
centre. All measurements were performed by laboratory
personnel blinded to subjects’ clinical situations. CO,CP
was analysed as a continuous variable and divided into
quintiles.

Outcome assessment

Patients were followed up for clinical outcomes at 3
months and 1year after symptom onset. They were inter-
viewed face to face at 3 months and contacted over the
telephone by trained research coordinators at 1year. Data
regarding all-cause death and poor functional outcome
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 ranging
from 2 to 6 or from 3 to 6 at 3 months and 1year.

Statistical analysis

Patients were classified into five groups by CO,CP quin-
tiles. Continuous variables are described as median and
IQR due to skewed distribution, and categorical varia-
bles are described as frequencies and percentages. Non-
parametric Wilcoxon or Kruskal-Wallis test was used to
compare group differences for continuous variables, and
x” test or Fisher’s exact test was used for categorical vari-
ables.

We took the fourth quintile with the lowest incidence
of outcomes as a reference and performed Cox propor-
tional hazard models and logistic regression to explore
the associations of CO,CP with all-cause death and poor
functional outcomes, respectively. Because 201 hospitals
participated in the study, the hospitals were treated as clus-
ters in the model and the sandwich estimated was used to
account for the correlations. Variables were adjusted in
the multivariable analyses if associated with CO,CP in the
univariate analysis with p<0.2. Adjusted HRs or ORs and
their 95% CIs were calculated. We used three adjusted
models. Model 1 was adjusted for age and gender; model
2 was further adjusted for BMI, medical history (IS, TIA,
hyperlipidaemia and atrial fibrillation or flutter), stroke
type, current smoker, antihypertensive agents, antico-
agulant agents, NIHSS score and high-density lipopro-
tein cholesterol on admission; and model 3 was further
adjusted for history of COPD, time from onset of symp-
toms to admission and hs-CRP on admission. Trend
tests were performed in the regression models after the
median CO,CP values of each quartile were entered into
the model and treated as a continuous variable. Multivar-
iate survival analysis was performed by the Kaplan-Meier
method. In addition, we used restricted cubic splines to
examine the shape of the association between CO,CP
and outcomes with five knots (at the 5th, 25th, 50th, 75th
and 95th percentiles); the reference point for CO,CP was
the median of the reference group (the fourth quintile),
and the HR/OR was adjusted for all confounding vari-
ables. Subgroup analyses were performed stratified by age
(<65and =65 years), gender, stroke subtype (IS and TIA),
smoking status (yes and no) and NIHSS score (<4and
24).

To further investigate the associations of CO,CP levels
and outcomes, patients were classified into three groups
(<28, 23-29 and 229mmol/L) according to the normal
range of CO,CP levels (23-29mmol/ L).? Additionally,
we also used C statistics, integrated discrimination (IDI)
and net reclassification index (NRI) to evaluate the incre-
mental predictive value of CO,CP beyond conventional
risk factors.

All analyses were performed with SAS V.9.4 software.
A two-tailed value of p<0.05 was considered statistically
significant.

RESULTS

Baseline characteristics

After exclusion of patients with missing data on CO,CP
(n=5339) and mRS at 3 months or lyear (n=296), 9531
patients were included in our analysis. Baseline compar-
ison of the excluded and included patients is presented
in online supplemental table S1.

The baseline characteristics of included patients strat-
ified into quintiles according to CO,CP are shown in
table 1. The median (IQR) age of the patients was 62
(54-70) years, 6556 (68.79%) were men, and the median
(IQR) CO,CP level was 24.9 (23.0-27.0) mmol /L.
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Table 2 Association of all-cause death and poor functional outcomes with quintiles of CO,CP

Quintile of CO,CP

Outcomes Q1 Q2 Q3 Q4 Q5 P for trend
At 3months
Death 39 (2.04) 27 (1.38) 21(1.12) 16 (0.86) 23 (1.20)
Unadjusted 2.55(1.37-4.78)  1.77 (0.94-3.33) 1.40(0.73-2.72)  Reference 1.24 (0.64-2.39) 0.7585
Model 1 2.65(1.41-4.96) 1.70(0.89-3.22) 1.41(0.73-2.75) Reference 1.16 (0.60-2.27)  0.6639
Model 2 2.33 (1.23-4.44) 1.63(0.85-3.13) 1.24 (0.62-2.46) Reference 1.15(0.58-2.27)  0.7527
Model 3 2.40 (1.27-4.55)  1.58 (0.82-3.03) 1.16 (0.58-2.32)  Reference 1.29 (0.64-2.57) 0.8246
mRS 3-6 319 (16.67) 276 (14.11) 257 (13.71) 208 (11.13) 228 (11.89)
Unadjusted 1.74 (1.41-2.14) 1.39(1.13-1.70)  1.30 (1.06-1.59)  Reference 1.05 (0.85-1.29)  0.5259
Model 1 1.80 (1.46-2.22) 1.40 (1.14-1.72) 1.34 (1.09-1.65) Reference 1.02 (0.83-1.26) 0.3626
Model 2 1.57 (1.25-1.97) 1.27 (1.01-1.58)  1.25(1.00-1.57) Reference  0.96 (0.76-1.21)  0.3243
Model 3 1.58 (1.26-1.98) 1.27 (1.02-1.59) 1.27 (1.01-1.59)  Reference 0.97 (0.77-1.23) 0.3814
mRS 2-6 561 (29.31) 516 (26.38) 483 (25.77) 448 (23.97) 476 (24.82)
Unadjusted 1.41 (1.20-1.66) 1.18(1.01-1.38) 1.11(0.95-1.30) Reference 1.07 (0.91-1.25)  0.5389
Model 1 1.46 (1.24-1.72)  1.19(1.02-1.40) 1.14(0.97-1.34)  Reference 1.05 (0.90-1.24)  0.3668
Model 2 1.26 (1.05-1.51)  1.09 (0.92-1.30) 1.07 (0.90-1.28)  Reference 1.02 (0.85-1.21)  0.4684
Model 3 1.26 (1.05-1.51)  1.10(0.92-1.30) 1.08 (0.91-1.28)  Reference 1.02 (0.86-1.22)  0.4954
At 1year
Death 70 (3.66) 60 (3.07) 8 (3.09) 1(2.19) 1(2.66)
Unadjusted 1.64 (1.08-2.48) 1.41(0.94-2.12) 1.42(0.95-2.14) Reference 1.11 (0.72-1.70)  0.7947
Model 1 1.68 (1.11-2.54)  1.40 (0.93-2.11)  1.48(0.98-2.22)  Reference 1.05 (0.68-1.62) 0.9283
Model 2 1.50 (0.99-2.28) 1.35(0.89-2.04) 1.34(0.89-2.03) Reference 1.00 (0.65-1.55)  0.9980
Model 3 1.56 (1.03-2.36) 1.35(0.89-2.04) 1.35(0.89-2.04) Reference 1.06 (0.68-1.65) 0.8666
mRS 3-6 301 (15.73) 243 (12.42) 246 (13.13) 212 (11.34) 233 (12.15)
Unadjusted 1.44 (1.17-1.77)  1.11(0.91-1.37)  1.16 (0.95-1.42)  Reference 1.05 (0.86-1.30) 0.6571
Model 1 1.50 (1.21-1.85) 1.12(0.91-1.38) 1.21 (0.98-1.49)  Reference 1.03 (0.83-1.27) 0.4322
Model 2 1.32 (1.05-1.66) 1.01(0.81-1.27) 1.11(0.88-1.38)  Reference 0.97 (0.77-1.22)  0.3000
Model 3 1.33 (1.06-1.67) 1.01(0.81-1.27) 1.12 (0.89-1.41)  Reference 0.98 (0.78-1.24)  0.3659
mRS 2-6 520 (27.17) 472 (24.13) 455 (24.28) 401 (21.46) 441 (22.99)
Unadjusted 1.47 (1.24-1.73) 1.21 (1.03-1.43) 1.18(1.01-1.38)  Reference 1.09 (0.93-1.29) 0.9855
Model 1 1.53 (1.30-1.81)  1.23(1.05-1.45) 1.22 (1.04-1.44)  Reference 1.07 (0.91-1.27)  0.7330
Model 2 1.35(1.13-1.62) 1.14(0.96-1.36) 1.16 (0.97-1.38)  Reference 1.04 (0.87-1.25)  0.8040
Model 3 1.36 (1.13-1.62) 1.14(0.96-1.36) 1.17 (0.98-1.39)  Reference 1.05 (0.88-1.25)  0.8458

Model 1: adjusted for age and gender.

Model 2: adjusted for age, gender, body mass index, history of dyslipidaemia, stroke or transient ischaemic stroke, atrial fibrillation/flutter,
stroke type, current smoker, antihypertensive agents, anticoagulant agents, National Institutes of Health Stroke Scale score and high-density

lipoprotein cholesterol on admission.

Model 3: adjusted for variables in model 2, plus history of chronic obstructive pulmonary disease, time from onset of symptoms to admission

and high-sensitivity C reactive protein on admission.

CO,CP, carbon dioxide combining power; mRS, modified Rankin Scale.

Compared with the rest of the quintiles, participants
in the first quintile of CO,CP (21.1-23.3 mmol/L) had
higher proportions of atrial fibrillation or flutter, more
current smokers, more anticoagulant agent takers, a
shorter time from onset of symptoms to admission and
higher hs-CRP levels. On the other hand, participants
in the fifth quintile (228.8 mmol/L) were more likely
to be older, have higher proportions of dyslipidaemia

and stroke, and have higher high-density lipoprotein
cholesterol levels. In addition, patients in the fifth quin-
tile were likely to have severe neurological deficits than
those in the fourth quintile.

Associations of CO,CP with all-cause death and poor
functional outcome

At 3-month assessment, 126 (1.32%) patients had died,
1288 (13.51) patients had poor functional outcome
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Figure 1 Kaplan-Meier curve of all-cause death incidence
rate by quintiles of carbon dioxide combining power. (A)
Death at 3 months and (B) death at 1year. Adjusted for age,
gender, body mass index, history of dyslipidaemia, stroke
or transient ischaemic stroke, atrial fibrillation/flutter, stroke
type, current smoker, antihypertensive agents, anticoagulant
agents, National Institutes of Health Stroke Scale score,
high-density lipoprotein cholesterol, history of chronic
obstructive pulmonary disease, time from onset of symptoms
to admission and high-sensitivity C reactive protein on
admission.

(mRS score 3-6) and 2484 (26.06%) patients had mRS
score 2-6. At l-year follow-up, 280 (2.94%) patients had
died, 1235 (12.96%) patients had mRS score 3-6 and
2289 (24.02%) patients had mRS score 2-6 (table 2).
Kaplan-Meier curves by quintiles of CO,CP showed that
patients in the first quintile had a higher incidence of
all-cause death both at 3 months and at lyear (p<0.05)
(figure 1A,B).

After adjustment for the above-mentioned confounding
variables, patients in the first quintile CO,CP group were
significantly associated with increased risk of all-cause
death and poor functional outcome, compared with the
fourth quintile of CO,CP taken as reference; the adjusted
HR/OR (95% CI) was 2.37 (1.32 to 4.25), 1.49 (1.20 to
1.83) and 1.21 (1.03 to 1.42) for all-cause death, mRS
score 3-6 and mRS score 2-6 at 3 months, respectively.
The associations remained significant at 1 year (table 2).

All the associations were consistent in prespecified
subgroups (all p for interactions >0.05; online supple-
mental table S2).

Multivariable-adjusted spline regression models showed
that the relationships between CO,CP and adverse
outcomes were non-linear. A lower CO,CP was associated
with a higher risk of all-cause death at both 3-month and
l-year follow-up; as the CO,CP level increased, the HR
of all-cause death declined steadily, showing a somewhat
L-shaped associations. Furthermore, similar-shaped asso-
ciations also existed for mRS score 2-6 and mRS score
3-6 at 3 months and 1year (figure 2A-F).

In the analysis of the three groups, patients with
CO,CP <23mmol/L had higher proportion of atrial
fibrillation or flutter and anticoagulant agent takers and
higher hs-CRP levels compared with other groups. On
the other hand, those with C02CP >29mmol/L were
older and had higher proportion of stroke or TIA and
less time from onset of symptoms to admission (online
supplemental table S3). Furthermore, we found that
patients with CO,CP <23 mmol/L had 64%, 26% and

16% higher risk of all-cause death and poor functional
outcome (MRS score 3-6 and mRS score 2—-6) compared
with patients with normal CO,CP (23-29mmol/L) at
3-month follow-up; the adjusted HR/OR (95% CI) was
1.64 (1.08 to 2.49), 1.26 (1.08 to 1.48) and 1.16 (1.02 to
1.32), respectively. A similar trend was observed at 1-year
follow-up (figure 3). However, there were no significant
associations between CO,CP and outcomes in patients
with CO,CP 229 mmol/L.

Incremental predictive value of CO,CP

We evaluated whether CO,CP would further increase
the predictive value of conventional risk factors (online
supplemental table S4). For death at 3 months as the
outcome of interest, the C statistics by the conventional
model did not significantly improve with the addition
of CO,CP (from 0.841 to 0.843). However, the discrim-
inatory power and risk reclassification appeared to be
substantially better (IDI 0.50%, p=0.0254; continuous
NRI=19.43%, p=0.0303). Similar results were found in
poor functional outcomes and when the time point was
set as lyear.

A Death at 3 months B

mRS2 3 at 3 months

2.04

’
n

Odds ratio

Hazard ratio
’

20 22 24 26 28 30 20 22 24 26 28 30
cozcP levels, mmol/l COzCP levels, mmol/l

C MRS 2 2at 3 months D Death at 1 year

Odds ratio
1
1
Hazard ratio
in
1
1
1
[
7

20 22 24 26 28 30 20 22 24 26 28 30
COzCP levels, mmol/l cozcplevels, mmol/l

E MRS > 3 at 1 year F mRS> 2atlyear -

Odds ratio
7
1
1
1
1
0Odds ratio
1

20 22 24 26 28 30 20 22 24 26 28 30
cO2cP levels, mmol/l €O2CP levels, mmol/l

Figure 2 Association of CO,CP levels with risk of all-
cause death and poor functional outcome at 3 months

and 1year. (A-C) All-cause death, mRS score 3-6 and

mRS score 2-6 at 3 months; (D-F) all-cause death, mRS
score 3-6 and mRS score 2-6 at 1year. Adjusted for age,
gender, body mass index, history of dyslipidaemia, stroke
or transient ischaemic stroke, atrial fibrillation/flutter, stroke
type, current smoker, antihypertensive agents, anticoagulant
agents, National Institutes of Health Stroke Scale score,
high-density lipoprotein cholesterol, history of chronic
obstructive pulmonary disease, time from onset of symptoms
to admission and high-sensitivity C reactive protein on
admission. CO,CP, carbon dioxide combining power; mRS,
modified Rankin Scale.
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Outcome Group Events, n(%) Adjusted HR/OR (95% CI)
Within 3 months
Death
CO,CP<23 mmol/L 47(1.78) ———a—————————— 1.64(1.08-2.49)
23<CO,CP<29 mmol/L ~ 69(1.15) Reference
CO,CP>29 mmol/L 10(1.10) 1.03(0.50-2.13)
mRS score 3-6
CO,CP<23 mmol/L 419(15.90) —a— 1.26(1.08-1.48)
23<C0,CP<29 mmol/L  761(12.71) Reference
CO,CP>29 mmol/L 108(11.87) —.—— 0.89(0.69-1.51)
mRS score 2-6
CO,CP<23 mmol/L 756(28.69) —— 1.16(1.02-1.32)
23<C0O,CP<29 mmol/L 1502(25.09) Reference
CO,CP>29 mmol/L 226(24.84) —.— 1.00(0.82-1.22)
Within 1 year
Death
CO,CP<23 mmol/L 98(3.72) — 1.40(1.06-1.84)
23<CO,CP<29 mmol/L  160(2.67) Reference
CO,CP>29 mmol/L 22242 ——— 0.78(0.48-1.28)
mRS score 3-6
CO,CP<23 mmol/L 395(14.99) - 1.20(1.02-1.41)
23<CO,CP<29 mmol/L 731(12.21) Reference
CO,CP>29 mmol/L 109(11.98) —— 0.99(0.77-1.28)
mRS score 2-6
CO,CP<23 mmol/L 700(26.57) —— 1.17(1.03-1.34)
23<C0O,CP<29 mmol/L 1385(23.14) Reference
CO,CP>29 mmol/L 204(22.42) —a— 0.97(0.79-1.18)
015 1.0 1 15 2{0 2i5

Figure 3 Associations of CO,CP levels stratified into three
groups with the risk of all-cause death and poor functional
outcome at 3 months and 1year. Adjusted for age, gender,
body mass index, history of dyslipidaemia, stroke or
transient ischaemic stroke, atrial fibrillation/flutter, stroke
type, current smoker, antihypertensive agents, anticoagulant
agents, National Institutes of Health Stroke Scale score,
high-density lipoprotein cholesterol, history of chronic
obstructive pulmonary disease, time from onset of symptoms
to admission and high-sensitivity C reactive protein on
admission. CO,CP, carbon dioxide combining power; mRS,
modified Rankin Scale.

DISCUSSION

The major finding of the study was that decreased CO,CP
was significantly associated with risk of all-cause death and
poor functional outcome in patients with AIS and TIA at
3 months and 1year. Further analysis showed that patients
with COQCP <23 mmol/L had high risk of adverse clinical
outcomes, indicating that CO,CP of 23 mmol/L may be
an important point to discriminate all-cause death and
poor functional outcomes in patients with AIS or TIA in
clinical practice.

In accordance with previous findings that decreased
CO,CP is correlated with serious conditions and a poor
disease prognosis,'*™” the findings of the present study
showed that decreased CO,CP was significantly associ-
ated with all-cause death and poor functional outcomes
after stroke. The clinical implications of CO,CP in the
pathological conditions are mainly related to the acid-
base disturbance, and studies have shown that the CO,CP
level can aid in the diagnosis of the metabolic types of
acidosis and alkalosis. Decreased CO,CP indicates insuf-
ficient alkali reserve and metabolic acidosis. Clinical data
have shown that acidic pH is associated with an increased
risk of mortality and unfavourable outcomes in patients
with severe traumatic brain injury and ischaemic stroke.’

3

Moreover, an observational cohort study showed that
metabolic acidosis was positively associated with a higher
risk of ischaemic events and all-cause mortality in patients
undergoing kidney transplantation.'* Results of several
large cohort studies have further demonstrated that
more severe metabolic acidosis is associated with higher
mortality.'*

Although most often decreased CO,CP signifies the
presence of metabolic acidosis, it may also reflect a
decline in the bicarbonate concentration as compensa-
tion for respiratory alkalosis, which is a disturbance in
the acid-base balance due to alveolar hyperventilation
and is the most common acid-base disturbance observed
in patients who are critically ill. Respiratory alkalosis is
considered benign by many clinicians, but it can also be
associated with a significant increase in poor prognosis
and mortality.'® Experimental studies have revealed that
a risk in brain pH induced by decreased CO,CP impairs
cortical GABAergic neurons, subsequently leading to
vasoconstriction and deterioration of brain functions
after transient ischaemia.'” * Furthermore, respiratory
alkalosis was reported to precipitate cardiac arrhyth-
mias and angina, reduced myocardial oxygen extraction
and increased mortality according to population-based
studies.'® *' 2 All of these changes can lead to adverse
clinical outcomes.

There are several plausible explanations for the asso-
ciation between CO,CP and functional outcomes after
AIS or TIA. First, metabolic acidosis induces insulin resis-
tance, which can induce the production of proinflam-
matory cytokines in the brain after brain ischaemia.” **
Second, metabolic acidosis is also associated with inflam-
mation, oxidative stress and malnutrition, which may
increase the risk of mortality.** * Third, acidosis is
associated with toxic calcium influx into the cell and
programmed cell death after ischaemic stroke.® Because
evidence regarding the associations between CO,CP
and clinical outcomes in patients with stroke is limited,
further investigation is needed to clarify the underlying
mechanism.

Strengths and limitations

The strengths of the study include the use of a multi-
centre prospective registry with a large sample size, which
resulted in sufficient statistical power. However, our study
also had some limitations. First, this study only monitored
baseline CO,CP levels and did not examine the dynamic
changes in CO,CP, which may have provided more valu-
able information regarding the mechanisms underlying
the associations. Second, heterogeneity of the equipment
at different research centres may lead to biased estimates
of results. However, this may have little impact because
the hospitals were treated as clusters in the model and the
sandwich estimated was used to account for the correla-
tions in our study. Finally, some unmeasured or residual
confounding effects may still exist due to the nature of
the observational study.
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CONCLUSIONS

Decreased CO,CP was associated with high risk of all-
cause death and poor functional outcome in patients
with AIS or TIA at 3 months and lyear. These associa-
tions were significant when CO,CP level was <23 mmol/L.
This finding underscores the importance of CO,CP in the
prognosis of AIS or TIA in clinical practice.
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