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Albumin Levels and Risk of Early Cardiovascular
Complications After Ischemic Stroke:

A Propensity-Matched Analysis of a Global
Federated Health Network

Tommaso Buccil®, MD, PhD; Daniele Pastori(®, MD, PhD; Pasquale Pignatelli®>, MD, PhD; George Ntaios(, MD, PhD;
Azmil H. Abdul-Rahim, MD, PhD; Francesco Violi®, MD*; Gregory Y.H. Lip, MD*

BACKGROUND: No studies have investigated the association between albumin levels and the risk of early cardiovascular
complications in patients with ischemic stroke.

METHODS: Retrospective analysis with a federated research network (TriNetX) based on electronic medical records
(International Classification of Diseases-Tenth Revision-Clinical Modification and logical observation identifiers names and
codes) mainly reported between 2000 and 2023, from 80 health care organizations in the United States. Based on albumin
levels measured at admission to the hospital, patients with ischemic stroke were categorized into 2 groups: (1) reduced (<3.4
g/dL) and (2) normal (3.5 g/dL) albumin levels. The primary outcome was a composite of all-cause death, heart failure, atrial
fibrillation, ventricular arrhythmias, myocardial infarction, and Takotsubo cardiomyopathy 30 days from the stroke. Secondary
outcomes were the risk for each component of the primary outcome. Cox regression analyses were used to calculate hazard
ratios (HRs) and 95% Cls following propensity score matching.

RESULTS: Overall, 320 111 patients with stroke had normal albumin levels (70.9£14.7 years; 48.9% females) and 183 729
(567.4%) had reduced albumin levels (72.9+14.3 years; 50.3% females). After propensity score matching, the primary outcomes
occurred in 36.0% of patients with reduced and 26.1% with normal albumin levels (HR, 1.48 [95% CI, 1.46-1.50]). The
higher risk in patients with reduced albumin levels was consistent also for all-cause death (HR, 2.77 [95% Cl, 2.70-2.84]),
heart failure (HR, 1.31 [95% Cl, 1.29-1.34]), atrial fibrillation (HR, 1.11 [95% CI, 1.09-1.13]), ventricular arrhythmias (HR,
1.38 [95% Cl, 1.30—1.46]), myocardial infarction (HR, 1.60 [95% CI, 1.564—1.65]), and Takotsubo cardiomyopathy (HR, 1.51
[95% Cl, 1.26-1.82]). The association between albumin levels and the risk of cardiovascular events was independent of
advanced age, sex, multimorbidity, and other causes of hypoalbuminemia. A progressively increased risk of adverse events
was found in patients with mild and severe reduced compared to normal albumin levels.

CONCLUSIONS: Albumin levels are associated with the risk of early cardiovascular events and death in patients with
ischemic stroke. The potential pathophysiological or therapeutic roles of albumin in patients with stroke warrant further
investigation.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Nonstandard Abbreviations and Acronyms

ARIC Atherosclerosis Risk in Communities
HR hazard ratio

IL interleukin

PSM propensity score matching

ROS reactive oxygen species

early cardiovascular complications with significantly
increased risk of morbidity and mortality.” Following
poststroke neuronal injury, the release of large amount
of catecholamines and cytokines induces a systemic
inflammatory response that could lead to myocardial
dysfunction, thrombosis, and arrhythmias.? A wide range
of cardiac complications can follow in the 30 days of an
ischemic stroke, with the possible onset of acute coro-
nary syndrome, heart failure, atrial fibrillation, ventricular
arrhythmias, and Takotsubo cardiomyopathy, conferring
the so-called Stroke Heart Syndrome.®
Previous studies showed that inflammation plays
a pivotal role in inducing these manifestations and
that C-reactive protein levels correlate with the cere-
bral infarct volume and the risk of early cardiovascular
events.*® During the poststroke period, myocardial dam-
age could occur as a consequence of 2 opposite forces.
First is the activation of neuroinflammatory cascade with
the influx of systemic proinflammatory mediators such
as IL-1 (interleukin-1) and IL-6, which promotes leuko-
cyte activation and reactive oxygen species production.
Second is the immune-suppression activity supported
by the anti-inflammatory cytokine IL-10 and antioxidant
systems, which limits the extent of immune system acti-
vation and prevents the damage to the other tissues.™
Serum albumin, in addition to its fundamental role in
maintaining the oncotic pressure, has important anti-
inflammatory properties mainly mediated by its antioxi-
dant activity® In acute inflammatory conditions, albumin
acts as a scavenger that reduces reactive oxygen spe-
cies bioavailability and when its levels decrease, an
impairment of the total plasma antioxidant activity occurs
and may promote the onset of cardiovascular events.’
In the general population, as well as in patients with
cardiovascular disease, albumin levels inversely corre-
late with the risk of cardiovascular events and death.''2
In 14506 healthy middle-aged individuals enrolled in
the ARIC (Atherosclerosis Risk in Communities) Study,
albumin levels were directly correlated with the risk of
incident coronary heart disease (hazard ratio [HR], 1.26
[95% CI, 1.15-1.38])."® In 8750 patients with acute
myocardial infarction, albumin levels <3.4 g/dL were
associated with a higher 10-year risk of all-cause death
(HR, 1.70 [95% CI, 1.48-1.95])."* Whereas, in patients
with stroke, albumin levels negatively correlate with

Almost 25% of patients with ischemic stroke develop
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stroke severity, degree of disability, and functional out-
comes.' "7 However, no studies have investigated the
potential association of albumin levels with the cardio-
vascular complications of the Stroke Heart Syndrome.

The aim of this study was to evaluate the associations
between albumin levels during the first 24 hours after
an ischemic stroke and the 30-day risk of cardiovascular
events or death in a large cohort of patients with stroke
from a federated health research network.

METHODS

Data Availability Statement and Ethical
Approval

TriNetx is a research network compliant with the Health
Insurance Portability and Accountability Act and the US federal
law which protects the privacy and security of health care data,
including de-identified data as per the deidentification standard
of the HIPAA Privacy Rule ([Health Insurance Portability and
Accountability Act]; https://trinetx.com/real-world-resources/
publications/). The TriNetX research network is utilized for
several scientific purposes and to gain access to the data, a
sharing agreement is required. As a federated research net-
work, studies using the TriNetX health research network do not
need ethical approval as no patient-identifiable identification
is received. Further information about the data extraction from
TriNetX is reported in the Supplemental Material.

Study Design

This was a retrospective observational study. TriNetX is a global
federated health research network with access to electronic
medical records from participating health care organizations
including academic medical centers and community hospitals
covering ~80 million individuals, mainly in the United States.
Within this network, available data include demographics,
diagnoses using International Classification of Diseases, Tenth
Revision, Clinical Modification codes, measurements (coded to
logical observation identifiers names and codes), medications,
and medications anatomic Therapeutic Chemical code). The
TriNetX database performs internal and extensive data quality
assessment with every refresh based on conformance, com-
pleteness, and plausibility.'’® More information can be found in
the Supplemental Material. This article follows the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) reporting guideline.'

Cohort

The searches on the TriNetX online research platform were
performed on June 7, 2023 for individuals aged >18 years
with primary (hospital) discharge International Classification of
Diseases, Tenth Revision, Clinical Modification codes for isch-
emic stroke (termed as cerebral infarction: 163) and albumin
measurement during the first 24 hours from the admission to
hospital, recorded in electronic medical records. To include the
highest number of patients possible, the searches were not
restricted to a specific period; however, >95% of patients con-
sidered in this study were entered into the TriNetX platform
between 2000 and 2023. The choice to consider the first 24
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hours after admission was made to evaluate the prognostic role
of albumin during the acute ischemic stroke phase. At the time
of the search, 80 participating health care organizations had
data available for patients who met the study inclusion criteria.
The baseline index event date was the date of the reported
diagnosis of ischemic stroke on the TriNetX platform; any diag-
noses registered before this date were considered as the indi-
vidual's baseline characteristics.

The cohort was divided into groups using electronic health
records according to albumin levels during the first 24 hours
after the ischemic stroke. Given the presence of previous stud-
ies demonstrated that albumin levels <3.4 g/dL are associ-
ated with an increased 1-year risk of cardiovascular events in
acutely ill medical patients'??° we utilized the same validated
cutoff to subdivide patients with stroke into 2 groups: (1) those
with normal albumin levels >3.5 g/dL, and (2) those with hypo-
albuminemia <3.4 g/dL.

Outcomes

The primary outcome was the risk of cardiovascular events
within 30 days after the ischemic stroke. Cardiovascular
events were defined as a composite outcome of all-cause
death, acute myocardial infarction (International Classification of
Diseases, Tenth Revision, Clinical Modification 121), heart failure
(159), atrial fibrillation and flutter (148), ventricular arrhythmias
(147.2: ventricular tachycardia and 149.0 ventricular fibrillation),
and Takotsubo cardiomyopathy (151.81) within 30 days after
the ischemic stroke. The secondary outcomes were the risk
for each component of the composite primary outcome. The
occurrence of the primary and secondary outcomes was ana-
lyzed based on the levels of albumin measured within the first
24 hours after the index ischemic stroke. The cardiovascular
complications of interest within 30 days of ischemic stroke,
were identified via International Classification of Diseases, Tenth
Revision, Clinical Modification code (Table S1).

To estimate the risk of a new cardiovascular complications
poststroke, we performed an exploratory analysis excluding
patients who experienced the outcome of interest, before the
index stroke.

Albumin levels can be influenced by several physiological
and pathological conditions. Hence, we decided to perform b
separate sensitivity analyses to test the reproducibility of the
results obtained from the main analysis.

The first sensitivity analysis included patients with age >65
years only. Albumin levels were reported to be lower in older
compared to young people.?!

The second sensitivity analysis included females only. The
association between cardiovascular events and albumin levels
is less clear in females than in males.??

The third sensitivity analysis was done in patients with
hypertension and at least on the following comorbidities diabe-
tes, chronic kidney disease, dyslipidemia, heart failure, or previ-
ous ischemic heart disease. The association between albumin
and cardiovascular events could be less evident in those with
multimorbidity at higher risk per se.

The fourth sensitivity analysis was performed subdividing
patients with reduced albumin into mild reduced (2.8-3.5 g/
dL) and severe reduced (<2.7 g/dL), as previously described.?®
This analysis was done to evaluate if a gradient effect between
albumin levels and cardiovascular risk can be found.

606  March 2024
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The last sensitivity analysis included patients with neither
cirrhosis, malnutrition, nephrotic syndrome, inflammatory bowel
disease, nor autoimmune diseases, who had a normal albu-
min level (>3.5 g/dL) 1 month before the index stroke, in the
absence of sepsis, burden injury, and trauma. The latter analysis
was done to exclude that in some patients the albumin levels
were already reduced before the index stroke.

Statistical Analysis

All statistical analyses were performed on the TriNetX online
research platform. Baseline characteristics were compared
using 2 tests for categorical variables and independent-sample
t tests for continuous variables. To create balanced cohorts, we
performed a propensity score matching analysis (PSM), using
logistic regression. We performed a 1:1 greedy nearest neigh-
bor matching model. Any baseline characteristic with an absolute
standardized mean difference between cohorts lower than 0.1
was considered well-matched. We included the following vari-
ables in the PSM: age, sex, ethnicity, hypertension, ischemic heart
diseases, ischemic stroke, heart failure, pulmonary embolism,
diabetes, peripheral arterial disease, pneumonia, sepsis, systemic
connective tissue disease (vasculitis, systemic lupus erythema-
tosus, dermatopolyositis, systemic sclerosis, Sjogren syndrome,
Behcet disease, polymyalgia rheumatica, multisystem inflamma-
tory syndrome), malnutrition, nephrotic syndrome, liver cirrhosis,
inflammatory bowel disease (Crohn disease and ulcerative coli-
tis), burns of external body surface, cardiovascular procedures
(including electrocardiography, echocardiography, catheterization
procedures), and cardiovascular medications (including antico-
agulants, antiplatelets, p-blockers, antiarrhythmics, diuretics,
antilipemic agents, antianginals, calcium channel blockers, and
angiotensin-converting enzyme inhibitors and angiotensin ||
receptor blockers). Cox proportional hazard regression was used
to compare the matched cohorts. HRs and 95% Cls were cal-
culated to investigate the risk of early cardiovascular complica-
tions and all-cause death between stroke patients with reduced
and normal albumin levels. Kaplan-Meier curves and log-rank
test were used to compare the survival distributions during the
follow-up period. Patients were censored when they no longer
provided additional information for the analysis. The proportional
hazard assumption was tested based on the scaled Schoenfeld
residual. All tests were 2-tailed and Pvalues of <0.05 were taken
to indicate statistical significance. All analyses were performed in
the TriNetX platform which uses R's survival package v3.2 to 3.

RESULTS

The initial cohorts consisted of 503840 patients with
ischemic stroke, of whom 320 111 with normal albumin
levels >3.5 g/dL (mean age, 70.9+14.7 years; 48.9%
females) and 183 729 with reduced albumin levels <3.4
g/dL (mean age, 72.9+14.3 years; 50.3% females;
Figure 1).

Before PSM, patients with reduced albumin levels
showed a higher prevalence of cardiovascular risk factors,
liver cirrhosis, nephrotic syndrome, inflammatory bowel
disease, infectious and autoimmune diseases, compared
to patients with normal albumin levels (Table 1). After
PSM were selected, 164 867 patients for each group

Stroke. 2024;55:604-612. DOI: 10.1161/STROKEAHA.123.044248
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503,840 patients with

ischemic stroke

Before
Propensity Score Matching

320,111 patients with
normal albumin levels

183,729 with reduced
albumin levels

Figure 1. Patients’ flow of the study.

After
Propensity Score Matching
1:1

164,867 patients with
normal albumin levels

164,867 patients with
reduced albumin levels

and no significative differences were found for all the
variables considered (Figure 1; Table 1). Overall were
excluded 49.5% of patients with normal albumin levels
and 11.3% of patients with reduced albumin levels.

Risk of Early Cardiovascular Events in Patients
With Reduced Albumin Levels

After PSM, in the comparisons between patients with
reduced and those with normal albumin levels, the pri-
mary composite outcome of death and cardiovascular
events within 30 days after ischemic stroke was 59 380
(36.0%) and 43 111 (26.1%), respectively (HR, 1.48
[95% Cl, 1.46-1.50]; Table 2; Figure 2).

For secondary outcomes, the total number of patients
with reduced and normal albumin levels who experienced
cardiovascular events were respectively: 22 555 and
8629 all-cause death (HR, 2.77 [95% ClI, 2.70-2.84]),
23 147 and 18 480 heart failure (HR, 1.31 [95% C],
1.29-1.34]), 26 202 and 24 382 atrial fibrillation (HR,
1.11[95% CI, 1.09-1.13]), 3145 and 2223 severe ven-
tricular arrhythmias (HR, 1.38 [95% ClI, 1.30-1.46]),
8403 and 5460 myocardial infarction (HR, 1.60 [95%
Cl, 1.54-1.65]), and 289 and 197 Takotsubo cardiomy-
opathy (HR, 1.51 [95% CI, 1.26-1.82]; Table 2).

Risk of New-Onset Cardiovascular Events in
Patients With Reduced Albumin Levels

To estimate the risk of new-onset cardiovascular com-
plications, we performed an exploratory analysis exclud-
ing patients who experienced the outcomes of interest
before the index stroke.

We found that the composite outcome occurred in
12826 (15.2%) patients with reduced albumin lev-
els and 6491 (7.1%) patients with normal albumin lev-
els (HR, 2.32 [95% CI, 2.25-2.39]). Consistent with

Stroke. 2024;55:604-612. DOI: 10.1161/STROKEAHA.123.044248

the main analysis, patients with reduced albumin levels
showed a higher risk of heart failure (HR, 1.81 [95% ClI,
1.72-1.91)), atrial fibrillation (HR, 1.48 [95% CI, 1.40—
1.65]), severe ventricular arrhythmias (HR, 1.52 [95% ClI,
1.39-1.67]), myocardial infarction (HR, 2.22 [95% ClI,
1.98-2.49]), and Takotsubo cardiomyopathy (HR, 2.14
[95% ClI, 1.566-2.93]) compared to patients with normal
albumin levels (Table 2).

Sensitivity Analysis

In patients aged >65 years, after PSM, patients with
reduced albumin levels were at higher risk of compos-
ite outcome (HR, 1.42 [95% ClI, 1.40—-1.44]), all-cause
death (HR, 2.62 [95% CI, 2.55-2.69]), heart failure
(HR, 1.29 [95% ClI, 1.26-1.32]), atrial fibrillation (HR,
1.11 [95% CI, 1.09-1.13]), severe ventricular arrhyth-
mias (HR, 1.36 [95% CI, 1.28-1.45]), myocardial
infarction (HR, 1.56 [95% CI, 1.50—-1.62]), and Takot-
subo cardiomyopathy (HR, 1.37 [95% CI, 1.10-1.71]),
compared to older patients with normal albumin levels
(Table S3).

With the analysis performed only in females, after
PSM, reduced albumin levels were still associated with
a higher risk of composite outcome (HR, 1.47 [95% ClI,
1.44-1.50)), all-cause death (HR, 2.64 [95% ClI, 2.54~
2.73]), heart failure (HR, 1.33 [95% CI, 1.29-1.37]),
atrial fibrillation (HR, 1.11 [95% ClI, 1.09-1.14]), severe
ventricular arrhythmias (HR, 1.51 [95% CI, 1.38-1.66]),
myocardial infarction (HR, 1.60 [95% CI, 1.52-1.69]),
and Takotsubo cardiomyopathy (HR, 1.64 [95% CI,
1.33-2.03]), compared to female patients with normal
albumin levels (Table S3).

After PSM, in 56 960 patients with stroke with mul-
timorbidity for each group, the higher risk of compos-
ite outcome (HR, 1.47 [95% ClI, 1.44—1.50]), all-cause
death (HR, 2.64 [95% ClI, 2.54-2.73]), heart failure (HR,
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Table 1. Baseline Characteristics of Patients With Stroke With Reduced and Normal Albumin Levels After Propensity Score
Matching
Before propensity score match After propensity score match
Reduced albumin | Normal albumin Reduced albumin | Normal albumin
levels levels levels levels
n=183729 n=320111 ASD n=164867 n=164867 ASD
Age, y (+£SD) 72.9%14.3 70.9+14.7 0.135 72.6x14.4 72.8+14.3 0.013
Female, n (%) 91 902 (50.3) 155 934 (48.9) 0.026 82 771 (50.2) 83 790 (50.8) 0.012
White, n (%) 117 322 (64.2) 208621 (65.5) 0.028 106417 (64.5) 105141 (63.8) 0.016
Black, n (%) 36344 (19.9) 60108 (18.9) 0.026 32608 (19.8) 32840 (19.9) 0.004
Arterial hypertension, n (%) 118808 (65.0) 177 383 (55.7) 0.191 1038276 (62.6) 102583 (62.2) 0.009
Atrial fibrillation, n (%) 43 335 (28.7) 46 291 (14.5) 0.235 34535 (20.9) 34838 (21.1) 0.005
Diabetes, n (%) 62 821 (34.4) 82 262 (25.8) 0.187 52 885 (32.1) 53 002 (32.1) 0.002
Chronic kidney disease, n (%) 43894 (24.0) 45521 (14.3) 0.249 34 450 (20.9) 34 452 (20.9) <0.001
Obesity, n (%) 32294 (17.7) 46 694 (14.7) 0.082 27589 (16.7) 27 376 (16.6) 0.003
Dyslipidemia, n (%) 85 714 (46.9) 138 258 (43.4) 0.070 75 781 (46.0) 74 812 (45.4) 0.012
Ischemic heart disease, n (%) 60 947 (33.3) 73 787 (23.2) 0.227 50 086 (30.4) 50 137 (30.4) 0.001
Heart failure, n (%) 45 889 (25.1) 44 401 (13.9) 0.284 35 372 (21.5) 35500 (21.5) 0.002
Ischemic stroke, n (%) 99 929 (54.6) 127 743 (40.1) 0.295 85 336 (51.8) 85 305 (51.7) <0.001
Peripheral arterial disease, n (%) 18 747 (10.2) 21 539 (6.8) 0.125 15080 (9.1) 15238 (9.2) 0.003
Pulmonary embolism, n (%) 23 344 (12.2) 21196 (6.7) 0.191 16 906 (10.3) 16 735 (10.2) 0.003
Sepsis, n (%) 24 653 (13.5) 14 440 (4.5) 0.317 15194 (9.2) 13 871 (8.4) 0.028
Systemic connective tissue disorders, n (%) 5683 (3.1) 8241 (2.6) 0.031 4878 (3.0) 4804 (2.9) 0.003
Malnutrition, n (%) 18 954 (10.4) 10332 (3.2) 0.286 11 036 (6.7) 9998 (6.1) 0.026
Nephrotic syndrome, n (%) 1029 (0.6) 659 (0.2) 0.058 681 (0.4) 608 (0.4) 0.007
Liver cirrhosis, n (%) 5826 (3.2) 4382 (1.4) 0.122 3986 (2.4) 3828 (2.3) 0.006
Ulcerative colitis, n (%) 1291 (0.7) 1559 (0.5) 0.028 1028 (0.6) 10083 (0.6) 0.002
Crohn disease, n (%) 1016 (0.6) 1264 (0.4) 0.023 828 (0.5) 821 (0.5) 0.001
Burns of external body surface, n (%) 1007 (0.6) 1376 (0.4) 0.017 826 (0.5) 826 (0.5) <0.001
Echocardiography procedures, n (%) 68390 (37.4) 86 501 (27.1) 0.221 57 024 (34.6) 57 256 (34.7) 0.003
Cardiac catheterization procedures, n (%) 13 739 (7.5) 16 769 (5.3) 0.092 11 337 (6.9) 11 344 (6.9) <0.001
Routine ECG with at least 12 leads, n (%) 101 935 (55.7) 136 155 (42.7) 0.262 86 847 (52.7) 87 066 (52.8) 0.003
Lipid-lowering drugs, n (%) 90 629 (49.6) 141 275 (44.3) 0.105 79 725 (48.4) 78 851 (47.8) 0.011
Beta-blockers, n (%) 90 265 (49.4) 122 318 (38.4) 0.222 76 887 (46.6) 77 067 (46.7) 0.002
Diuretics, n (%) 73 055 (40.0) 99 115 (31.1) 0.186 61463 (37.3) 61 144 (37.1) 0.004
Antiarrhythmics, n (%) 75198 (41.1) 99 020 (31.1) 0.210 63 247 (38.4) 63012 (38.2) 0.003
Calcium channel blockers, n (%) 64 345 (35.2) 91 137 (28.6) 0.142 54 998 (33.4) 54 669 (33.2) 0.004
ACE inhibitors, n (%) 50 858 (27.8) 79 226 (24.9) 0.067 44545 (27.0) 44310 (26.9) 0.007
Angiotensin Il inhibitors, n (%) 28 831 (15.8) 47 732 (15.0) 0.022 25 680 (15.6) 25 268 (15.3) 0.007
Anticoagulant, n (%) 98 514 (53.9) 122 168 (38.3) 0.315 82 945 (50.3) 83636 (50.7) 0.008
Antiplatelet, n (%) 88 483 (48.8) 131321 (41.2) 0.145 76 952 (46.7) 76 243 (46.2) 0.009

ACE indicates angiotensin-converting enzyme; ASD, absolute standardized mean difference; and HR, hazard ratio.

1.33 [95% ClI, 1.29-1.37]), atrial fibrillation (HR, 1.11
[95% CI, 1.09-1.14]), severe ventricular arrhythmias
(HR, 151 [95% CI, 1.38-1.66]), myocardial infarction
(HR, 1.60 [95% ClI, 1.52—1.69]), and Takotsubo cardio-
myopathy (HR, 1.64 [95% CI, 1.33-2.03]) in patients
with reduced albumin levels was consistent with the main
analysis (Table S3).

When analyzing patients with mild or severe reduced
albumin levels, compared to those with normal albumin
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levels, we found a progressively increased risk of com-
posite outcome (HR, 1.37 [95% Cl, 1.35-1.39] and HR,
1.70 [95% ClI, 1.67-1.73]), all-cause death (HR, 2.31
[95% CI, 2.95-2.38] and HR, 4.17 [95% CI, 4.01-
4.32]), ventricular arrhythmias (HR, 1.38 [95% ClI, 1.30—
1.57] and HR, 1.54 [95% CI, 1.42-1.66]), myocardial
infarction (HR, 1.51 [95% CI, 1.46—1.57] and HR, 1.76
[95% ClI, 1.68-1.86]) and Takotsubo (HR, 1.54 [95%
Cl, 1.26-1.89], and HR, 1.97 [95% CI, 1.51-2.57]),
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Table 2. Thirty-Day Risk of Early Cardiovascular Complications After Stroke Based on Albumin Levels

Reduced Normal

albumin levels | albumin levels

n=164 867 n=164 867 Reduced albumin levels Normal albumin levels

No. of events No. of events No. of No. of events No. of No. of events

(%) (%) HR (95% CI) patients | (%) patients | (%) HR* (95% CI)
Composite 59380 (36.0) | 43111 (26.1) 1.48 (1.46-1.50) | 82187 12 826 (15.6) 91 492 6491 (8.0) 2.32 (2.25-2.39)
outcome
All-cause death 22555 (13.7) | 8629 (5.2) 2.77 (2.70-2.84)
Heart failure 23 147 (14.0) 18480 (11.2) 1.31(1.29-1.34) | 116 960 | 3768 (3.2) 121687 | 2259 (1.9) 1.81 (1.72-1.91)
Atrial fibrillation 26 202 (15.9) 24 382 (14.7) 1.11 (1.09-1.13) | 117 061 3773 (3.2) 120170 | 2727 (2.3) 1.48 (1.40-1.55)
Severe ventricular | 3145 (1.9) 2223 (1.3) 1.38 (1.30-1.46) | 154328 | 1073 (0.7) 156 481 | 747 (0.5) 1.52 (1.39-1.67)
arrhythmias
Myocardial 8403 (5.1) 5460 (3.3) 1.60 (1.54-1.65) 2.22 (1.98-2.49)
infarction
Takotsubo 289 (0.2) 197 (0.1) 1.51(1.26-1.82) | 163987 | 119(0.1) 164212 | 58 (0.0) 2.14 (1.56-2.93)

HR indicates hazard ratio from propensity score matching analysis.

*Analysis performed excluding patients with the outcome of interest before the index event to calculate the risk of new-onset cardiovascular complications.

whereas the risk of atrial fibrillation (HR, 1.11 [95%
Cl, 1.09-1.13] and HR, 1.12 [95% CI, 1.09-1.15]) and
heart failure (HR, 1.28 [95% CI, 1.25-1.31] and HR,
1.29 [95% ClI, 1.25-1.32]) were substantially the same
(Table S3).

Finally, on the analysis performed only in patients
with normal albumin levels 1 month before the index
stroke, after PSM (Table S2), we found that patients
with acute reduced albumin levels were still associ-
ated with a higher risk of primary and secondary out-
comes, compared to those with normal albumin levels
(Figure 3).

DISCUSSION

In this large observational cohort derived from a global
multinational health care network, we showed that albu-
min levels measured within 24 hours after ischemic
stroke were associated with the risk of early cardio-
vascular events and death, independent of advanced
age, female sex, and possible causes of chronic
hypoalbuminemia.

Several studies have demonstrated that in the gen-
eral population albumin levels are inversely related
to the incidence risks of coronary artery disease,’?*

Number at risk:

1.0 mmmmm Normal albumin levels
s Reduced albumin levels
e
S
< o8-
=
2
>
5
» 0.6-
o
B
-
=
=
£ 04
=
Q
Log-rank test < 0.001
0.2-
O T T T T T T T T T T T T T T T T 1
0 6 12 18 24 30

Follow-up (days)

Normal =, 0\ ¢67 138,653 131,399 126,783 123,650 121,756
albumin
Reduced =, 0\ o657 128,267 117,880 111,450 107,163 105,487
albumin

Figure 2. Kaplan-Meier curves for the composite outcome in patients with ischemic stroke based on albumin levels.
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Reduced albumin Normal albumin
levels levels
HR (95%CI)
Number of Number of
events (%) events (%)

COMPOSITE OUTCOME 16,575 (33.2) 49,575 (25.8) 1.37 (1.34-1.41) : .
I
I

ALL-CAUSE DEATH 4,562 (9.2) 2,100 (4.2) 2.27 (2.16-2.39) : o
|
|
HEART FAILURE 6,840 (13.8) 5,492 (11.1) 1.30 (1.26-1.35) : .

I
I

ATRIAL FIBRILLATION 8,134 (16.4) 7,522 (15.2) 1.12 (1.08-1.15) : .
|
1

SEVERE VENTRICULAR 1

ARRHYTHMIAS 896 (1.8) 610 (1.2) 1.52 (1.37-1.68) I —e—i
I
1
MYOCARDIAL INFARCTION 2,380 (4.8) 1,556 (3.1) 1.58 (1.48-1.69) : o
|
|
TAKOTSUBO 83 (0.2) 47 (0.1) 1.81 (1.27-2.60) : —_————i
. . . .
0 1 2 3

Figure 3. Thirty-day risk of early cardiovascular complications after stroke based on albumin levels in patients without other

causes of hypoalbuminemia.
HR indicates hazard ratio.

heart failure,?®?8 atrial fibrillation,”” stroke,”® and venous
thromboembolic events.?® Furthermore, this association
was also confirmed in patients with previous cardio-
vascular events, whereby albumin levels predicted the
long- and short-term risks of adverse outcomes.%-32
In 15511 hospitalized patients, aged 40 years or less,
albumin levels <3.4 g/dL were associated with a high
risk of intrahospital death and a high readmission rate
within 1 year® In a recent study on 4152 hospitalized
acutely ill medical patients from the REPOSI study
(REgistro POliterapie SIMI, Societa ltaliana di Medicina
Interna), albumin levels <3.4 g/dL were associated with
a higher 1-year risk of all-cause death (HR, 2.33 [95%
Cl, 1.93-2.80]) and thrombotic events (HR, 2.16 [95%
Cl, 1.40-3.31])."2 While in patients with stroke, reduced
albumin levels have been associated with specific etiolo-
gies (cryptogenic and cardioembolic),?® and with a higher
risk of recurrences,'” disability, and death.'®32

The possible explanations behind the relationship
between reduced albumin levels and the high risk of
cardiovascular events are complex and involve different
mechanisms. Albumin is a nonglycosylated protein of 66
kDa, which represent up to 60% of total plasma proteins,
with important antioxidant, antiplatelet, and anticoagulant
effects.®* Indeed, albumin acts as reactive oxygen spe-
cies scavenger reducing the oxidative stress, inactivates
thromboxane A, preventing platelet aggregation, and

610  March 2024

binds antithrombin and factor X contrasting the coagula-
tion activation.®3536

During the acute stroke phase, albumin represents
one of the most important systems that counteract the
detrimental effect of the inflammatory response associ-
ated with neuronal injury. However, the persistence of
this inflammatory state may reduce serum albumin lev-
els leading to an enhanced oxidative stress responsible
for endothelial dysfunction, platelet aggregation, and clot
initiation. In our study, we found that not only the risk
of myocardial infarction but also the risks of heart fail-
ure, arrhythmias, and takotsubo cardiomyopathy were
increased in patients with reduced albumin levels. Indeed,
the increased oxidative stress is not only responsible
for thrombotic events but can also lead to myocardial
depressed function, arrhythmogenesis, and vasospasm
with possible nonthrombotic ischemic manifestations.?
Thus, underlying that inflammation and oxidative stress
represent a common pathophysiological mechanism that
links several cardiovascular diseases.

The antioxidant properties of albumin and its close
relationship with the risk of cardiovascular events gener-
ates the hypothesis of the therapeutic use of albumin
supplementation in Stroke Heart Syndrome. The previ-
ous studies that have investigated the potential ben-
eficial effect of albumin infusion in patients with acute
stroke have returned conflicting results. A meta-analysis
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202 ‘. Yo\ uo Aq Bio'sfeuinofeye//:dny woly pspeojumod

Bucci et al

of 1611 patients from 4 different studies found no ben-
eficial effect on the long-term neurological function of
patients with ischemic stroke (odds ratio, 1.04 [95% Cl,
0.85-1.27]) treated with albumin compared to control.3”
However, the different albumin dosages, the presence
of important bias, and the lack of laboratory experiments
that investigated the possible antioxidant or anticoagu-
lant effect of albumin making it difficult to draw unequiv-
ocal conclusions®¥° Hence, the dosage of albumin
associated with a significant antioxidant or anticoagulant
effect should be assessed in advance, and more data
are needed to clarify if albumin supplementation could
represent a putative therapeutic approach to counteract
the poststroke myocardial damage mediated by inflam-
mation and oxidative stress. Nevertheless, the oncotic
properties of albumin could represent a possible con-
traindication in patients with preexisting cardiovascular
diseases, and the possible pro-oxidant albumin effect
mediated by redox-cycling iron may induce a paradoxi-
cal enhanced oxidative stress*' that could further worsen
the inflammatory poststroke status.

Anyway, beyond these possible therapeutical aspects,
this study first reported that albumin levels measured
during the 24 hours after ischemic stroke may help to
stratify the short-term risk of cardiovascular compli-
cations and to identify patients who can benefit from
stricter cardiovascular monitoring.

Limitations

Several limitations should be acknowledged when inter-
preting these results. Caution is needed in drawing
causal conclusions given the retrospective and observa-
tional nature of this study that is associated with unmea-
sured bias. TriNetX is an online research platform that
is potentially subjected to entry errors and data gaps.
We cannot establish if the outcomes happened after
discharge and those that occurred outside the network
may have not been well captured. We were not able to
investigate the impact or match the included patients
based on stroke severity using the National Institutes of
Health Stroke Scale or infarct volume since these data
were not available in the TriNetX platform. Moreover, we
are not able to balance cohorts based on revasculariza-
tion therapies (ie, intravenous thrombolysis and endo-
vascular thrombectomy), hemorrhagic transformation, or
any discharge data, because the TriNetX database does
not allow us to balance cohorts based on characteristics
recorded after the index event. The albumin levels col-
lected in the electronic database were exhaustive and
this may influence other bias impacted our results. We
did not consider in the PSM the presence of other pos-
sible confounding factors such as the socioeconomic
status, quality of care, and risk factor control. Although
we adjusted the PSM for several factors involved in
determining serum albumin levels, we could not exclude

Stroke. 2024;55:604-612. DOI: 10.1161/STROKEAHA.123.044248
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that some clinical conditions that are associated with
hypoalbuminemia are associated with a higher risk of
cardiovascular events per se. However, in the sensitivity
analysis performed excluding other possible causes of
hypoalbuminemia, the risk of early cardiovascular com-
plications in patients with stroke was still associated
with albumin levels.

Conclusions

Albumin levels, measured within the first 24 hours after
ischemic stroke, are associated with a higher risk of early
cardiovascular events and death. The potential patho-
physiological or therapeutic roles of albumin in Stroke
Heart Syndrome warrants further investigation.
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