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Abstract

Background: In recent years, the mortality of patients with AMI has not declined
significantly. The relationship between blood pressure variability (BPV) and acute
myocardial infarction (AMI) is unclear. We explored the relationship between 24-h
BPV and mortality in patients with AMI.

Hypothesis: The mortality of patients with AMI is related to BPV. We hope to
provide therapeutic ideas for reducing the risk of death in patients with AMI.
Methods: This is a retrospective cohort study. We extracted and analyzed data from
the MIMIC-1V 2.0, which was established in 1999 under the auspices of the National
Institutes of Health (America). The average real variability (ARV) was calculated for
the first 24-h blood pressure measurement after patients with AMI were admitted to
the intensive care unit (ICU). Patients were divided into four groups according to
ARV quartiles. The outcomes were 30-day, 1-year, and 3-year all-cause mortalities.
Data were analyzed using Cox regression, Kaplan-Meier curves, and restricted cubic
spline (RCS) curves.

Results: We enrolled 1291 patients with AMI, including 475 female. The patients
were divided into four groups according to the qualities of diastolic blood pressure
(DBP)-ARV. There were significant differences in the 30-day, 1-year and 3-year
mortality among the four groups (p=.02, p <.001, p <.001, respectively). After
adjustment for confounding factors, systolic blood pressure (SBP)-ARV could not
predict AMI patient mortality (p >.05), while the highest DBP-ARV was associated
strongly with increased 30-day mortality (HR: 2.291, 95% CI 1.260-4.168), 1-year
mortality (HR: 1.933, 95% Cl 1.316-2.840) and 3-year mortality (HR: 1.743, 95% Cl
1.235-2.461). Kaplan-Meier curves demonstrated that, regardless of SBP or DBP,
the long-term survival probabilities of patients in the highest ARV group were
significantly lower than that of those in other groups. RCS curves showed that the

death risk of patients with AMI first decreased and then increased with the increase

Abbreviations: AMI, acute myocardial infarction; ARV, average real variability; BPV, blood pressure variability; Cl, confidence interval; DBP, diastolic blood pressure; HR, hazard ratio;
ICU, intensive care unit; MACEs, major adverse cardiovascular events; PCl, percutaneous coronary intervention; SBP, systolic blood pressure; SDdn, average SD during the day and night.
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1 | INTRODUCTION

Cardiovascular disease accounts for over 40% of all deaths in China,
and both the morbidity and mortality related to cardiovascular
diseases continue to increase.! The estimated number of patients
with coronary heart disease is as high as 11 million.! Acute
myocardial infarction (AMI) is a coronary heart disease resulting in
a critical condition and poor prognosis. Although percutaneous
coronary intervention (PCl) and other revascularization therapies
have improved the in-hospital mortality and long-term prognosis of
AMI, the in-hospital mortality of patients with AMI has not declined
significantly in recent years.? Preventing recurrent heart attacks and
other cardiovascular events is crucial for improving patients’ survival
and quality of life. Therefore, identifying a simple and effective
indicator of high mortality risk in critically ill patients with AMI is
imperative to allow early intervention.

Blood pressure variability (BPV) may be related to higher mortality
in patients with AMI,2 and the relationship between BPV and mortality
in patients with AMI is increasingly of interest. BPV, which refers to
changes in blood pressure over a certain period, results from
interactions between hemodynamics, neurohumoral regulation, behav-
ior, and environmental factors. The relationship between BPV and all-
cause mortality and major adverse cardiovascular events (MACEs)
remains controversial, with inconsistent research findings. Some
studies have shown that BPV predicts cardiovascular events indepen-
dently of mean blood pressure,*° and that it is a better predictor than
the mean blood pressure level.® Basson et al.” demonstrated a
correlation between long-term BPV and the incidence of adverse
events, such as death and heart failure, independent of hypertension.®
However, several studies have indicated no significant association

10 or an increased

between long-term BPV and cardiovascular events
risk of cardiovascular events is related to long-term BPV only in
patients with hypertension.*! Furthermore, a few studies have shown
that short-term BPV may better predict adverse cardiovascular events
in young patients with hypertension, as well as mortality in older
patients with hypertension.?>12

Most patients with AMI have endothelial dysfunction, which
primarily manifests as atherosclerosis. Endothelial dysfunction and
atherosclerosis can cause vascular baroreflex dysfunction, leading

to blood pressure instability and increased BPV.'*'> Abnormal

in ARV when DBP-ARV < 8.04. The 30-day death risk first increased and then
decreased, and the 1-year and 3-year death risks increased and then stabilized with
ARV increase when DBP-ARYV > 8.04.

Conclusion: This study showed that patients with AMI may have an increased risk of
short- and long-term death if their DBP-ARV is higher or lower during the first 24-h

blood pressure, mortality, myocardial infarction

fluctuations in blood pressure can trigger a series of pathophysiolo-
gical changes, impair blood vessels (including the coronary arteries),
increase cardiac load and oxygen demand, affect cardiac structure

14-16 and

and function in patients with AMI, damage target organs,
subsequently affect prognosis. The impact of BPV on the outcomes
of patients with AMI may be a major concern in AMI treatment.
However, studies on the relationship between BPV and AMI
prognosis have been limited, with contradicting results.

This study investigated the relationship between short-term BPV

and short- and long-term mortality in patients with AMI.

2 | MATERIALS AND METHODS

2.1 | Study design

We obtained all the data from the MIMIC-IV 2.0 database and
conducted a retrospective cohort study. This database is maintained
by the Beth Israel Deaconess Medical Center and the Massachusetts
Institute of Technology and includes the medical information of
patients admitted to the intensive care unit (ICU) between 2008 and
2019. We obtained permission to access the data after applying for
and completing the Collaborative Institutional Training Initiative
course and testing (Record ID: 50038981). Owing to the anonymized
nature of all patient information in the database, the institutional
review board of the Beth Israel Deaconess Medical Center granted a
waiver for obtaining informed patient consent and approved the
data-sharing initiative.

2.2 | Study population

Patient information was obtained from the MIMIC-IV 2.0 database.
The inclusion criteria were as follows: (1) diagnosis of AMI, (2)
age 218 years, and (3) first ICU admission. Exclusion criteria were as
follows: (1) ICU length of stay <1 day; (2) more than 1h interval
between consecutive blood pressure measurements within the first
24h of ICU admission, with fewer than 24 blood pressure
measurements recorded; (3) systolic blood pressure (SBP)<30 or
>300 mmHg, or diastolic blood pressure (DBP) <20 or >200 mmHg.
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2.3 | Data extraction

This study extracted the following patient data from the MIMIC-IV
2.0 database: age, sex, race, ICU length of stay, comorbidities, clinical
conditions (hypertension, diabetes, acute heart failure, cardiogenic
shock, cardiac arrest), initial 24 h blood pressure recordings after
admission, and survival outcomes (all-cause mortality at 30 days,
1 year, and 3 years). We used the International Classification of
Diseases, 9th and 10th editions (ICD-9 and ICD-10) to classify all

disease diagnoses. The Navicat software was used to extract data.

24 | BPV

The average real variability (ARV) considers the sequence of
measurements and is calculated based on the differences between
consecutive blood pressure measurements. In this study, BPV was

assessed using ARV, calculated using the following formula”:

1 N-1
ARV = S > glw x IBPy+1 — BP,

where N represents the number of valid blood pressure measure-
ments in the data corresponding to a given subject, with k ranging
from 1 to N-1 and w represents the time interval between two

consecutive blood pressure recordings.

2.5 | Outcomes
The primary outcome measure was all-cause mortality. We defined
30-day mortality as short-term mortality, and 1- and 3-year mortality

as long-term mortality.

2.6 | Statistical analysis

Continuous variables following a normal distribution are expressed as
mean and SD (X + s) and were compared using t tests. Non-normally
distributed continuous variables are expressed as the median and
interquartile range and were compared between groups using the
Kruskal-Wallis test. Categorical variables were presented as counts
and percentages and were compared using the chi-square test. The
relationship between BPV and mortality was assessed using Cox
proportional hazards regression analysis. The results of Cox
proportional hazards regression analysis were represented by hazard
ratios (HRs) with 95% confidence intervals. All-cause mortality was
the outcome variable, ARV was the independent variable, and
demographic characteristics and baseline information were included
as covariates. Variables associated with mortality in univariate
analysis (p <.1) were included as covariates in further multivariate
analyses as covariates for further analysis. In the multivariate

regression analysis, covariates such as age, hypertension, acute heart
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failure, cardiogenic shock, cardiac arrest, and PCl were gradually
added to the base model to adjust for confounding factors. Sex and
diabetes, which are important clinical covariates, were also included
in the final model. All covariates and independent variables under-
went collinearity tests. Cumulative mortality risk for the four groups
was presented using Kaplan-Meier curves. To explore the possible
nonlinear relationship between BPV and mortality, we conducted a
simulation with restricted cubic spline (RCS) curves and carried out
nonlinear tests. Statistical analysis was performed using SPSS (IBM
SPSS Inc.) and R statistical software (https://www.r-project.org/) was
used for data visualization. A two-sided p<.05 was considered
statistically significant.

3 | RESULTS

3.1 | Population characteristics

A total of 11 415 patients with AMI were screened from the MIMIC-
IV 2.0 database and 10 124 patients were subsequently excluded
based on the study criteria, resulting in a final study population of
1291 patients (Figure 1). The study population characteristics are
summarized in Table 1. The median age of the study population was
71 years and 36.8% of the patients were female. The prevalence of
hypertension, diabetes, acute heart failure, cardiogenic shock, and
cardiac arrest in the study population was 43.5%, 16.3%, 17.7%,
11.7%, and 4.6%, respectively. Approximately 47.6% of the patients
underwent PCI.

Patients were categorized into four groups based on the quartiles
of SBP-ARV and DBP-ARV within the first 24 h of ICU admission.
Overall, baseline characteristics were comparable among the differ-
ent groups, but significant differences in terms of age, sex, and
hemoglobin levels were observed among both the SBP and DBP

groups (Table 1). Moreover, significant differences were found in

All patients with AMI in
MIMIC-1V 2.0
(n = 11415)

Patients not first diagnosed
with AMI
(n = 4537)

Patients first diagnosed
with AMI
(n = 6878)

Excluded (n = 5587)

Multiple ICU admissions (n = 3771)
Age < 18years old (n = 0)

Length of stay < 24 hours (n = 514)
Adjacent BP monitoring interval>1
hour and fewer than 24 records of BP
on the first day (n = 1302)

Patients included
(n=1291)

FIGURE 1 Flowchart for screening patients. AMI, acute
myocardial infarction; BP, blood pressure; ICU, intensive care unit.
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(Continued)

TABLE 1

Quartiles of ARV of DBP

Q1 (6.23)

Quartiles of ARV of SBP

Q1 (7.77)

p

Q4 (210.46)

Q3 (8.02-10.46)

Q2 (6.23-8.02)

p

Q4 (212.34)

Q3 (9.76-12.34)

Q2 (7.77-9.76)

Outcomes

24 (7.4) 41 (12.7) 42 (13.0) .020

25(7.7)

28 (8.7) 29 (9.0) 42 (13.0) 242

33(10.2)

30-day mortality,

n (%)

57 (17.6) 79 (24.5) 105 (32.6) <.001

56 (17.3)

66 (20.4) 72 (22.3) 93 (28.9) .032

66 (20.4)

1-year mortality,

n (oo)

69 (21.4) 96 (29.7) 120 (37.3) <.001

71 (22.0)

87 (26.9) 85 (26.3) 108 (33.5) .033

76 (23.5)

3-year mortality,

n (%)

Abbreviations: ARV, average real variability; Cr, creatine; DBP, diastolic blood pressure; GLU, glutamine; HGB, hemoglobin; IQR, interquartile range; PCI, percutaneous coronary intervention; Q, quartile;

SBP, systolic blood pressure; TNT, troponin T.
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acute heart failure, troponin T levels, and PCl treatment among the
SBP groups, and in platelet count and serum creatinine levels among
the DBP groups. The group with the highest ARV quartile for both
SBP and for DBP included older patients, a higher proportion of
females, a lower incidence of acute heart failure, and lower
hemoglobin levels (Table 1).

3.2 | Relationship between BPV and mortality in
patients with AMI

Of the included patients with AMI, 132 (10.2%) died within 30 days,
297 (23.0%) died within 1 year (23.0%), and 356 (27.6%) died within
3 years. These findings indicated that the mortality rate in patients
with AMI remains high. Comparing the mortality among different
groups, we found that patients in the highest SBP-ARV and DBP-ARV
groups had a significantly higher mortality risk than those in the
lowest SBP-ARV and DBP-ARV groups.

The results of univariate analysis showed that, compared to the
lowest (Q1) group of SBP-ARV, the highest SBP-ARV quartile (Q4)
had some predictive ability for 1- and 3-year mortality (Table 2).
Similarly, compared with the lowest (Q1) group of DBP-ARV, the
higher quartiles (Q3 and Q4) of DBP-ARV had some predictive ability
for 30-day, 1-year, and 3-year mortality (Table 2).

To eliminate the influence of confounding factors on
mortality, a multivariable Cox proportional hazards model was
used to analyze 30-day, 1-year, and 3-year mortality rates. The
results showed that, compared to the lowest (Q1) quartile of
ARV, no significant correlation existed between SBP-ARV and
increased risk of death in patients with AMI (Table 2). However,
the highest (Q4) quartile of DBP-ARV still had a higher predictive
ability for 30-day, 1-year, and 3-year mortality, with an increased
predictive ability for short-term mortality and a slight decrease in
the predictive ability for long-term mortality (Table 2). For every
1 SD increase in ARV, the risk of death in AMI patients increased
by approximately two times. The Kaplan-Meier curves demon-
strated that regardless of SBP or DBP, the 1- and 3-year
probabilities of survival in the highest (Q4) quartile groups of
ARV were significantly lower than those in the other quartile

groups (Figure 2).

3.3 | Nonlinear relationship between DBP-ARV
and AMI mortality

When we compared the mortality among different DBP-ARV groups,
we found that the 30-day and 3-year mortality of patients with AMI
did not increase with an increase in DBP-ARV. To explore the
possible nonlinear relationship between ARV and mortality further, a
simulation was conducted based on RCS curves (Figure 3). We
showed that, when the HR=1, ARV =8.04. Thus, when DBP-
ARV < 8.04, the short-term and long-term death risk of patients with
AMI decreased first and then increased with an increase in ARV.
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3-year survival p

p = 0.027
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0.00 0.00 0.00
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Follow up time(d)

ARV-SBP

1.00]  ————— 1.00 1.00

|

So.25
& p < 0.0001

I-year survival probability

p=0.018 » < 0.0001

0.00
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ARV-DBP

FIGURE 2 Kaplan-Meier survival curves of patients according to systolic (SBP) and diastolic blood pressure (DBP) average real
variability (ARV).
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FIGURE 3 Restricted cubic spline (RCS) curves of mortality risk according to diastolic blood pressure average real variability (ARV) values. Cl,
confidence interval.

When DBP-ARV =6.42, the patients’ death risks of 30 days then decreased with an ARV increase. Additionally, the 1- and 3-year
(nonlinear test p=.017) and 1 year (nonlinear test p =.009) were death risks increased and stabilized with an increase in ARV. When
the lowest. When the DBP-ARV was 6.51, the 3-year death risk the DBP-ARV was 12.07, the 30-day mortality risk was the highest.
(nonlinear test, p=.002) was the lowest. When the DBP-ARV was When the DBP-ARV was 13.51, the 3-year death risk was the
>8.04, the 30-day death risk of patients with AMI first increased and highest.
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4 | DISCUSSION

This study investigated the association between BPV during the first
24 h after admission to the ICU and short- and long-term mortality in
1291 patients with AMI. The results indicated that DBP-ARV was
significantly associated with short- and long-term mortality, demon-
strating a nonlinear relationship with mortality, whereas SBP-ARV
was not significantly associated with an increased mortality risk in
patients with AMI.

Previous studies on the relationship between BPV and cardio-
vascular outcomes have primarily focused on hypertensive popula-
tions.?®1? However, emerging evidence suggests that BPV is
independently associated with target organ damage, cardiovascular
events, and risk of death in patients without hypertension, including
those with diabetes, chronic kidney disease, and obstructive sleep
apnea.?°=23 |n recent years, the relationship between BPV and the
prognosis of patients with AMI has garnered attention.

A previous prospective study investigated cardiovascular outcomes
during hospitalization in patients with acute coronary syndrome (ACS)
by evaluating the average hourly values of the SD of BPV,2* which were
corrected for day-night differences and were expressed as the average
SD during the day and night (SDdn). The SDdn eliminates the influence
of diurnal blood pressure variations on BPV.2* The results of that study
revealed that systolic and diastolic BPV SDdn were the only
independent predictors of in-hospital MACEs in patients with ACS,
either with or without ST-segment elevation myocardial infarction, in
those with and without hypertension.?* Receiver operating characteris-
tic curve analysis showed that SBP-SDdn had the highest specificity
(98.4%) for predicting MACEs in hospitals, with a sensitivity of 47.3% at
a threshold of 12.6 mmHg.2* These findings were consistent with the
results of the present study, which demonstrated that DBP-ARV is an
important contributing factor to increased mortality risk in patients with
AMI. Additionally, a previous retrospective study indicated no significant
correlation between 24h SBP and DBP SD and ARV, and the
occurrence of in-hospital MACEs in patients with AMI.2° Similarly, the
present study showed no significant correlation between the SBP-ARV
and the risk of short- and long-term death in patients with AMI.

In comparison to short-term BPV, Choo et al.® suggested that
long-term variation independent of mean blood pressure (VIM) was
associated with long-term outcomes in patients with AMI after PCI.
The results indicated that both systolic and diastolic VIM were
correlated with adverse cardiovascular events in patients with AMI
and improved the predictive ability of the Global Registry of Acute
Coronary Events (GRACE) risk score for all-cause mortality and
MACEs. However, diastolic VIM was the only independent predictor
of all-cause mortality and MACEs. In the present study, we found
that the highest DBP-ARV quartile group had higher short- and long-
term mortality rates than the lowest DBP-ARV quartile group. These
results indicated that DBP-ARV is an important predictor of short-
and long-term mortality in patients with AMI. Logistic regression
analysis revealed that age, hypertension, acute heart failure,
cardiogenic shock, cardiac arrest, and PCl status were independent

risk factors for mortality in patients with AMI. The Kaplan-Meier

curves demonstrated a significantly higher survival probability in the
lowest than in the highest DBP-ARV group.

Currently, no consensus regarding the appropriate BPV range
has been reached. Exploring the relationship between BPV and
prognosis in patients with AMI is important for improving patient
outcomes. Some researchers have investigated the association
between mean arterial pressure ARV and the risk of all-cause
mortality in critically ill patients without AMI. The relationship is
U-shaped. They found that patients with higher mean arterial
pressure ARV had an increased risk of all-cause mortality when
ARV 2 7.2 mmHg, whereas in those with ARV < 7.2 mmHg, a lower
BPV may be a risk factor.!” In the present study, we identified a
nonlinear relationship between DBP-ARV and mortality in patients
with AMI using RCS curves. When DBP-ARV was <8.04, the short-
and long-term mortality risks first decreased and then increased with
increasing ARV. When DBP-ARV was >8.04, the 1- and 3-year
mortality risks increased with higher ARV levels, reaching a plateau.

However, the pathogenesis and mechanisms of BPV infection
remain unclear and require further investigation. Studies have shown
that BPV is associated with arterial remodeling, arteriosclerosis, vascular
damage, and endothelial dysfunction.z‘s’30 Furthermore, BPV, arterial
remodeling, and arteriosclerosis mutually influence each other, as
increased BPV can promote arterial remodeling and arteriosclerosis,
whereas arterial remodeling and arteriosclerosis can also increase
BPV.3! Animal experiments have shown that BPV can stimulate cardiac
vascular smooth muscle cell proliferation, extracellular matrix deposition,
fibrosis, and microvascular changes, thereby affecting cardiac vascula-
ture structure and function.3? Clinical studies have demonstrated an
association between BPV in early adulthood and cardiac structure and
function in later life.3® This suggests that BPV changes may occur before
and could be used to predict the risk of left ventricular remodeling in
patients. These studies indicate that elevated BPV can alter vascular and
cardiac structures, leading to cardiovascular diseases.

Although the present study explored the correlation between the
24 h ARV and short-term and long-term mortality in patients with AMI,
certain limitations remain. First, this was a retrospective study with an
inevitable selection bias. Second, due to insufficient or undisclosed
information in the database, potential confounding factors, such as
echocardiographic findings, GRACE score, and Killip classification were
not included. Additionally, different time intervals may exist between
pairs of blood pressure records in the database. Lastly, the present
study only investigated the relationship between BPV during the first
24h in the ICU and mortality without considering the potential

relationship between long-term BPV and mortality.

5 | CONCLUSION

We found a significant correlation between the first 24 h diastolic
BPV in patients with AMI admitted to the ICU and increased short-
and long-term mortality risk. When DBP-ARV < 8.04, the risk of
mortality in patients with AMI decreased first and then increased
with an ARV increase. On the other hand, when DBP-ARV > 8.04, the
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30-day mortality risk first increased and then decreased with an ARV
increase, whereas the 1- and 3-year mortality risks increased with an
increase in ARV and then stabilized after reaching a certain level.
Thus, this study provided insights into the relationship between BPV
and mortality risks in patients with AMI. Further clinical research is
needed to explore the relationship between long-term BPV and
prognosis in patients with AMI, to compare the predictive value of
short- and long-term BPV for cardiovascular events and mortality

risk, and to elucidate the underlying mechanisms of BPV.
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