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Abstract

Introduction: This study aimed to assess cardiac function using the Myocardial Performance

Index (MPI) in spondyloarthritis (SpA) patients.

Material and Methods: A comprehensive literature search was conducted in databases

including Medline, ProQuest, Google Scholar, Scopus, and Cochrane Library, focusing on studies
relevant to SpA and MPI from 1995 to 2023. The Newcastle Ottawa Scale (NOS) was employed to
assess study quality, and meta-analysis computations were conducted utilizing Review Manager 5.4.

Results: A total of 11 studies were included in this systematic review and meta-analysis.
The spectrum of SpA covered in this review consisted of 1 study on undifferentiated spondyloarthritis
(uSpA) and 10 studies on ankylosing spondylitis (AS). Various MPI assessment methods were utilized,
including conventional echocardiography and tissue doppler imaging (TDI). In AS patients, both
conventional MPI (cMPI) and tissue doppler MPI (tdMPI) values were significantly higher than those of
healthy controls (MD= 0.05, 95% CI: 0.01-0.08, p-value=0.006 and MD=0.08, 95%CIl: 0.06-0.10,
p value<0.00001, respectively). In the uSpA study, there were no significant differences in MPI values
between patients and controls with either cMPI or tdMPI.

Conclusion: Significant differences in MPI values were observed between AS patients and
healthy controls using both cMPI and tdMPI, suggesting that MPI may serve as a useful tool for early
detection and management of cardiac dysfunction in AS patients. Further studies were required to

validate these findings.

Keywords: Ankylosing Spondylitis; Cardiac Dysfunction; Myocardial Performance Index;

Spondyloarthritis; Tei Index.

INTRODUCTION

The association between autoimmune rheumatic
diseases and cardiovascular diseases, which increased
morbimortality, has been widely acknowledged [1,2].
Cardiovascular involvement might have manifested
as asymptomatic and mild, but, in certain cases, it
could have progressed to a serious and potentially
life-threatening condition [3]. European League
Against  Rheumatism  (EULAR)  proposed
recommendations for management of cardiovascular
disease (CVD) risk in patients with rheumatic
diseases [Rheumatoid Arthritis (RA), AS, or PsA]
since 2016, including an initial CVD risk assessment
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followed by a 5-year CVD risk assessment [4].
A meta-analysis study showed that SpA was
associated with significantly increased risks of
CVD including myocardial infarction (MI) and
stroke compared to general population [5]. Patients
with axSpA also had higher mortality rates, as a
result of being frequently comorbid with CVD,
which wasthe most common cause of death after
malignant diseases [6].

Developed in 1995 by Tei et al., Myocardial
performance index (MPI) or “Tei Index” was a
ratio that could be easily assessed using Doppler
echocardiography, generated from systolic and
diastolic time intervals [7]. The isovolumetric
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contraction times (ICT) and isovolumetric relaxation
times (IRT) were summed together and divided by
the total ejection time (ET) yield this ratio. It has
been well validated and acknowledged for its ability
to efficiently evaluate the myocardium’s overall
global function [8]. Compared to commonly used
methods such as Ejection Fraction (EF), MPI was a
simpler, more powerful and more reliable tool,
considerably easier to obtained due to its independence
from the delineation of the endocardial border
[8-11]. This index was previously used for the
assessment of left ventricular performance in patients
with cardiac amyloidosis, coronary artery disease,
dilated cardiomyopathy, and congestive heart failure
[7,12-15].

Previous guidelines from American Society
of Echocardiography and European Association of
Cardiovascular Imaging for the echocardiographic
evaluation of left ventricular function recommended
a comprehensive, multiparametric approach [16,17].
This included two-dimensional (2D) and, preferably,
three-dimensional (3D) assessments of left ventricular
ejection fraction (LVEF), global longitudinal strain
(GLYS), tissue Doppler imaging (TDI), transmitral
flow velocities, left atrial (LA) volume, and tricuspid
regurgitation (TR) velocity for diastolic function
assessment. MPl was not emphasized in these
guidelines, not due to its novelty, but likely because
its clinical utility had been largely been eclipsed
by more accurate and reproducible measures. In
resource-limited settings across Southeast Asia,
including Indonesia, advanced echocardiography
modalities such as 3D imaging, strain imaging, maybe
even tissue Doppler were not widely available.
This highlighted the need for a readily accessible
parameter, which served as the rational for this
review. Utilizing MPI assessment through
echocardiography could have enhanced the
accessibility, affordability, and availability of cardiac
function evaluation for SpA patients. Several studies
indicated that MPI might have had a potential role
in assessing cardiac function in autoimmune rheumatic
disease populations, including SpA patients [18-21].
MPI provided a good picture when used to
differentiate the presence of early cardiovascular
disorders in study patients compared to controls.
Recent meta-analyses by Romand X. et al,
demonstrated that ax-SpA had slight impairment of
LVEF and more frequently exhibited LV diastolic
dysfunction [22]. Similarly, Bolaji O et al., found a
markedly reduced LVEF in AS patients compared
to controls [23]. However, no comprehensive

systematic review or meta-analysis had yet evaluated
the role of MPI specifically in SpA to date. Thus,
this study was conducted to assess the utility of
MPI in evaluating cardiac function in SpA patients.

MATERIAL AND METHODS

The methodology for this systematic review
and meta-analysis adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA) 2020 statement guideline. The study
protocol was registered at the International Prospective
Register of Systematic Reviews (PROSPERO) under
registration number: CRD42024622439.

2.1. VARIABLE OF INTEREST

This study aimed to assess the utility of MPI
in assessing LV function in SpA patients.

2.2. ELIGIBILITY CRITERIA

2.2.1. Type of studies

This systematic review included all observational
studies, either cross-sectional, case-control, or cohort
studies, from 1995 (Tei index first introduced)
up to the 2023 year of publication and written in
English. In contrast, studies falling within the scope
of in vitro or in silico research; interventional
studies, including randomized controlled trials
(RCTs), non-RCTs, quasi-experimental studies, or
multi-arm trials; as well as those categorized as
reviews, case reports, case series, conference abstracts,
book chapters, or commentaries/editorials were
excluded.

2.2.2. Participants

The participants in the preliminary studies
were adult patients aged 18 years and older who
had been diagnosed with SpA according to the
Assessment of SpondyloArthritis  International
Society (ASAS) criteria, New York criteria, or
European Spondyloarthropathy Study Group (ESSG)
criteria. All participants underwent echocardiography
and were compared with healthy adults to assess
MPI. Participants having had a past occurrence
of MI or stroke, severe valvular disease, atrial
fibrillation, hypertrophic cardiomyopathy, congenital
heart conditions, or a history of cardiac procedures,
as well as those who were pregnant or breastfeeding
were excluded. (Supplementary File 1)
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2.2.3. Outcome of interest

The primary outcome of interest was MPI in
SpA. Meanwhile, the secondary outcomes included
systolic function, diastolic function, correlation of
MPI with disease duration, disease activity, systemic
inflammation, and cardiovascular risk factor were
assessed qualitatively.

2.3. SEARCH STRATEGY AND STUDY SELECTION

A comprehensive search using MEDLINE,
ProQuest, Google Scholar, Scopus and Cochrane
Library electronic databases was conducted to gather
relevant studies. Three separate authors independently
executed this search using our predetermined
keywords for Rheumatic Autoimmune Disease and
Myocardial Performance Index, with the year of
study limited to [1995 (MPI first introduced) — 2023]
(Supplementary File 2). The rationale behind using
the Rheumatic Autoimmune Disease keywords
was the possibility or more than one autoimmune
or autoinflammatory disease were discussed in the
study. All studies examining the SpA and MPI
were included. This article specifically focused on
LV MPI in SpA patients as LV MPI was more
commonly assessed and LV cardiac dysfunction
was more frequently reported than right ventricular
(RV) dysfucntion in SpA patients. Consequently,
studies that only assessed RV MPI were excluded.

All retrieved studies were exported into
Mendeley reference manager software, and then
checked for duplication, followed by titles and
abstracts screening using Rayyan software. Three
authors independently conducted the assessments
and studies were excluded when the title and/or
abstracts were not appropriate for this review.
The selected papers underwent full-text assessment
using the aforementioned eligibility criteria. Reasons
for exclusion were documented within the program,
and the reference lists of included studies were
manually screened for additional eligible studies.
The study selected for the review was determined
by majority agreement.

2.4. DATA COLLECTION PROCESS

The following data of included studies were
extracted independently: the name of primary author,
country of origin, study design, sample sizes, age
and gender of participants, disease duration, disease
activity, echocardiography method, and the outcome
of interest. The three independent authors extracted
data from all eligible studies. The same authors
independently assessed the included studies with
following parameters: incomplete outcome data
and selective outcome reporting.

2.5. SUMMARY MEASURES

MPI, systolic function and diastolic function
in SpA patients and control, were quantified and
reported as mean differences.

2.6. ASSESSMENT OF RISK
OF BIAS/ QUALITY ASSESSMENT

Two independent reviewers evaluated each
study using the Newcastle-Ottawa Scale (NOS)
adapted for cross-sectional, case-control, and cohort
studies. The NOS tool comprised three domains:
selection process, comparability, and outcome.
Based on the degree of bias, each study’s overall
quality was categorized into three levels according
to the total NOS score: very high risk of bias
(0 to 3 points), high risk of bias (4 to 6) and low
risk of bias (7 to 9), with higher score indicating
better methodological quality. Discrepancies in
assessments were resolved by discussion among
the whole review team until consensus was achieved.

2.7. CONFIDENCE IN CUMULATIVE EVIDENCE

The confidence in cumulative evidence was
assessed using the Grades of Recommendation,
Assessment, Development, and Evaluation (GRADE)
approach. The GRADE system assessed the quality
of evidence for each individual outcome by
evaluating factors including the risk of bias within-
study (methodological quality), directness of evidence,
heterogeneity, precision of effect estimates and
risk of publication bias. The overall certainty of
evidence was classified into high, moderate, low,
or very low quality [24].

2.8. SYNTHESIS OF RESULTS
AND STATISTICAL ANALYSIS

All continuous outcomes were presented as
mean differences (MDs) and 95% Confidence
Intervals (Cls) between each group. We used the
Review manager (RevMan; Cochrane Collaboration)
version 5.4 to synthesize the pooled data, the
heterogeneity, and the power of each study. All
synthesized data were presented as forest plots.
Some studies reported primary outcomes using
different evaluation or calculation methods, therefore
the meta-analyses were conducted with a random
effects model. However, if the 12 value was 0%,
the fixed effect model was conducted.

The effect of each trial was plotted by the
inverse of its SE in a funnel plot test, which was
utilized to investigate any potential publication
bias. Heterogeneity across trials was assessed
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using the 12 statistic. Less than 25% of an 12 value
was regarded as subtle, 25% to 50% as low, 51%
to 75% as moderate, and more than 75% as high
heterogeneity. Sensitivity analyses were conducted
to investigate potential source of the observed
heterogeneity. P-values below 0.05 were regarded
as significant.

RESULTS

3.1. STUDY SELECTION

The study selection process and results were
presented in a flowchart as shown in Figure 1.
Initially, 2239 relevant studies were identified
through the search strategy. After removing duplicates,
1694 studies were obtained, with 17 studies being
extracted following title and abstract screening.
Based on the selection criteria, 16 studies were

considered for full-text screening. Five studies did
not meet the criteria, among which three did not
assess LV MPI index, one study assessed right
ventricular MPI index, and one wrong population
study. Finally, 11 studies were included in the
systematic review, with seven that met eligibility
criteria for data extraction being used in meta-
analysis.

3.2. CHARACTERISTICS
OF THE INCLUDED STUDIES

The inclusion criteria were met by a total of
11 studies with one study focusing on uSpA and
ten studies focusing on AS. The case group
included 544 participants (342 males, 202 females)
and the control group comprised 453 participants.
The characteristics of the included studies were
reported in Table 1.
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Figure 1. PRISMA 2020 Flow Diagram of Included Studies.
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The included studies comprised two cross-
sectional and nine case-control studies. Of the 11
studies included, seven were conducted in Turkey,
two in Egypt, one in Greece, and one in Brazil
[10,20,21,25-32]. This review encompassed a
range of SpA conditions, with one study focusing
on uSpA and ten studies on AS with mean ages
ranged from 33.79+8.84 to 44.69+9.03 years.

3.3. SYSTOLIC AND DIASTOLIC FUNCTION

The echocardiography techniques in all studies
were performed using transthoracic echocardiography,
with six studies using conventional echocardiography,
four studies using TDI, and one study by Okan et
al., utilized both methods to assess the LV systolic
and diastolic function as well as MPI [30]. The
systolic indices such as LVEF were reported to be
significantly lower in AS compared to healthy
control only by two studies. In contrast, the
diastolic indices such as E/A ratio [mitral inflow
early diastolic wave (E)/late diastolic wave (A)] or
Em/Am ratio [early diastolic myocardial peak
velocity (Em)/late diastolic myocardial peak
velocity (Am)] were reported to be significantly
different by four included studies. The remaining
of included studies demonstrated no significant
difference of diastolic and systolic indices.

3.4. MPI ASSOCIATION
WITH DISEASE DURATION AND DISEASE ACTIVITY

The disease duration in each study varied,
with the shortest duration being at least one year
and the longest duration reported as 30.6£9.5 years;
data from two studies were not available. The most
frequently used scoring to describe the disease
activity of AS was BASDAI with values ranging
from 1.24+1.13 to 5.01+7.71. Only two out of
eleven included studies assessed the MPI with
disease activity and duration. Rosa RE et al., found
altered MPI was not associated with disease
activity (as measured with BASDAI) (p=1.00) but
was associated with disease duration. Patients with
more than 20 years of disease had higher rates of
concentric ventricular remodeling (p=0.02) and
altered MPI (p=0.014) than those with less than
20 years disease duration[11]. Moyssakis | et al.
demonstrated significant correlation of LV MPI
and disease duration (r=0.549, p<0.001) and BASDAI
score (r=0.405, p=0.004), but not with BASFI or
BASMI score [26].

3.5. MPI ASSOCIATION WITH CARDIOVASCULAR
RISK FACTOR AND SYSTEMIC INFLAMMATION

Kocabas et al. were the only researches to
investigate the relationship between MPI and
traditional cardiovascular risk factors such as body
mass index (BMI), systolic blood pressure (SBP),
and diastolic blood pressure (DBP) in patients with
AS [25]. Their findings showed no significant
association between these factors and MPI. In
contrast, MPI demonstrated a significant correlation
with systemic inflammation, particularly erythrocyte
sedimentation rate (ESR) and red cell distribution
width (RDW), suggesting a stronger link between
inflammation and cardiac function in this patient
group. Further details were shown in Table 1.

3.6. QUALITY ASSESSMENT

Among the eleven studies evaluated using
NOS, nine were case-control studies (Table 2.A)
and two were cross-sectional studies (Table 2.B).
Eight of nine case-control studies were considered
as having good quality with one case-control study
by Kocabas et al., was considered to be of fair
quality [25]. All cross-sectional studies were
categorized as having good quality.

3.7. CONFIDENCE IN CUMULATIVE EVIDENCE

Overall studies were considered to be good
quality by NOS for cross sectional and case-
control tools, implying that plausible bias was
unlikely to significantly influence the results. Only
one study (Kocabas et al., 2018) was designated
as fair quality study, as shown in Table 2.A. [25].
The heterogeneity was high for Conventional MPI
(cMPI), with 12 test results of 87%, while for
Tissue Doppler MPI (tdMPI), we found no
substantial heterogeneity, with 12 test results of 0%.
Together with a different wide range of 95% CI
from individual studies, the statistical heterogeneity
may have reflected some inconsistencies. Furthermore,
effect estimates came from a small number of
studies (only five for cMPI and three for tdMPI),
thus inferred serious imprecision. However, no
serious indirectness or publication bias was observed
that could affect the overall results. Due to the
paucity of included studies, publication bias was
assessed qualitatively, and no unpublished studies
were found in the literature search, suggesting that
publication bias is unlikely to be a concern in this
analysis. Hence, we rated the quality of evidence
as moderate, as displayed in Table 3.
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Table 2.A
Results of Quality Assessment using Newcastle-Ottawa Scale (NOS) adopted for case-control studies
Selection Outcome
No First Author, Year of Comparability Overall

Publication, Country S1 S2 S3 S4 o1 02 03 Risk of Bias

1 Kucuk et al., 2018, Turkey [28] * * 0 * il * * * Good quality

2 Nageeb G et al., 2013, Egypt [32] * * 0 * * * 0 Good quality

3 Kocabas H et al., 2018, Turkey [25] * 0 0 * * * * Fair quality

4  RosaRE et al., 2015, Brazil [10] * * * * il 0 * * Good quality

5  Seddik et al., 2023, Egypt [21] * * 0 * * * * 0 Good quality

6  Moyssakis et al., 2009, Greece [26] * * 0 * il * * 0 Good quality

7 OkanT etal., 2008, Turkey [30] * * 0 * il * * 0 Good quality

8 Acar Getal., 2009, Turkey [20] * * 0 * il * * * Good quality

9 KirisAetal., 2012 [31] * * * * il * * 0 Good quality
Table 2.B

Results of Quality Assessment using Newcastle-Ottawa Scale (NOS) adopted for cross-sectional studies

Selection Outcome
No  First Author, Year of Publication, Comparability Overall Risk of
Country S1 S2 S4 o1 02 Bias
1  Albayrak et al., 2013, Turkey [27] 0 * faled faled w* * Good study
2 Ozmen et al., 2020, Turkey [29] 0 0 *x *x faied * Good study
Table 3

GRADE evidence profile

Outcome Number of Quality Assessment Summary findings
participants Newcastle Inconsis- Indirect- Imprecision Publication Overall MD 95% ClI
(studies) Ottawa tency ness bias quality of total (lower, upper)
Scale evidence
(NOS)
Conventional 230 case Not Serious® Not Serious  Serious® Not Moderate 0.05 (0.01, 0.08)
MPI 244 control  Serious Serious®
(5 studies)
Tissue Doppler 171 case Not Not Not Serious  Serious? Not Moderate 0.08 (0.06, 0.10)
MPI 93 control Serious  Serious Serious®
(3 studies)

MPI: Myocardial Performance Index; MD: Mean Difference; Cl: Confidence Interval.

2 The overall heterogeneity was high, with 12 test results of 87% for Conventional MPI. Furthermore, individual studies have a
different wide range of Cl, and thus reflected its statistical heterogeneity.

b Effect estimates come from a small number of studies (only five for Conventional MPI and three for Tissue Doppler MPI).

¢ Publication bias was assessed qualitatively, and no unpublished studies were found in the literature search, thus not affecting the

publication bias.
3.5. FINAL RESULTS

The seven included studies in the quantitative
synthesis yielded various results in between group
comparisons. Table 4.A summarizes the differences
in MPI assessed by conventional echocardiography
between SpA and healthy control groups. Most
studies consistently reported significantly higher mean
of cMPI values in patients with AS compared to

healthy control, with the exception of the study by
Kucuk et al., 2018, which did not demonstrate a
significant difference[28]. Meanwhile, Table 4.B
presented findings based on tissue Doppler
echocardiography. All included studies showed that
AS patients had significantly elevated tdMPI values
relative to controls. For patients with uSpA, however,
no statistically significant differences in MPI were
observed with either echocardiographic method.
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Table 4.A

Results of Conventional Myocardial Performance Index (cMPI) in Spondyloarthritis (SpA) compared to healthy control

No Author, Year

Conventional Myocardial Performance Index (cMPI)

SpA Control p-value
Mean SD Participants Mean SD Participants
Undifferentiated Spondyloarthritis (uSpA)
1 Albayrak 2013 0.49 0.05 40 0.49 0.08 40 1.0
[27]
Ankylosing Spondylitis (AS)
1 Okan 2008 [30] 0.49 0.06 49 0.41 0.04 33 0.0001
2 Moyssakis 2009 0.392 0.031 57 0.37 0.034 78 0.0002
[26]
3 Kocabas 2018 0.71 0.15 35 0.57 0.18 38 0.0006
[25]
4 Kucuk 2018 0.54 0.1 30 0.53 0.1 30 0.70
[28]
5 Ozmen 2020 041 0.11 59 0.38 0.08 65 0.083
[29]

Table 4.B

Results of Tissue Doppler Myocardial Performance Index (tdMPI) in Spondyloarthritis (SpA) compared to healthy control

No Author, Year

Tissue Doppler Myocardial Performance Index (tdMPI)

SpA Control p-value
Mean SD Participants Mean SD Participants
Undifferentiated Spondyloarthritis (uUSpA)
1 Albayrak 2013 0.45 0.1 40 0.44 0.07 40 0.1078
[27]
Ankylosing Spondylitis (AS)
1 Okan 2008 [30] 0.47 0.07 49 0.39 0.04 33 0.0001
2 Kiris 2012 [31] 0.4 0.13 77 0.33 01 40 0.0036
3 Nageeb 2013 0.45 0.09 45 0.36 0.07 20 0.0002
[32]

3.6. META-ANALYSIS RESULTS

The quantitative synthesis results of AS
patients for between group comparisons of MPI
using conventional echocardiography were shown
in Figure 2.A, whereas the results for between
group comparisons of MPI using tissue Doppler
echocardiography were displayed in Figure 2.B.
Based on the results, significant differences
of MPI using conventional and tissue Doppler

echocardiography in were found in between group
comparisons (MD= 0.05, 95% CI: 0.01-0.08,
p-value=0.006 and MD=0.08, 95%CI: 0.06-0.10,
p value<0.00001, respectively). However, the
between group comparisons of MPI outcomes
demonstrated high heterogeneity (1> = 87%) when
assessed with conventional echocardiography, while
assessments using tissue Doppler echocardiography
showed low heterogeneity (12 = 0%).
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AS Control Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

Okan 2007 049 0086 43 041 004 33 24.0% 0.08 [0.06,0.10) 2007 -

Moyssakis 2009 0.392 0.031 57 037 0.034 78 257% 0.02[0.01,0.03] 2008 -

Kocabas 2018 071 015 35 057 018 38 11.9% 0.14[0.06,0.22) 2018 —_—

Kucuk 2018 054 0.1 30 053 01 30 171% 0.01 [-0.04, 0.06] 2018 .

Ozmen 2020 041 011 59 038 008 65 21.2% 0.03 [-0.00, 0.06] 2020 [*=

Total (95% CI) 230 244 100.0% 0.05[0.01, 0.08] @

Heterogeneity: Tau®= 0.00; Chi*= 30.32, df= 4 (P < 0.00001); F=87% l N t } i

Test for overall effect: Z=2.75 (P = 0.006) 03 023 Control UAS .23 03
AS Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI

Okan 2007 0.47 0.07 49 039 0.04 33 60.0% 0.08([0.06,0.10] 2007 -

Kiris 2012 04 013 77 033 041 40 19.0% 0.07([0.03,011] 2012 ———

Nageeb 2013 0.45 0.09 45 036 007 20 21.0% 009005 013] 2013 ——

Total (95% CI) 171 93 100.0% 0.08 [0.06, 0.10] <

Heterogeneity: Chi*= 0.45, df=2 (P=0.80); F=0% 2 -d1 o 0 02

Test for overall effect: Z=8.49 (P < 0.00001)

- Control AS

Figure 2. Meta-Analysis Results [Forest Plot] for Myocardial Performance Index in Ankylosing Spondylitis (AS) compared to
healthy control; A: Conventional Myocardial Performance Index (cMPI) B: Tissue Doppler Myocardial Performance Index (tdMPI).

DISCUSSION

This meta-analysis demonstrated a significant
increase of cMPI in the AS group compared to
healthy controls. Our quantitative analysis results
also indicate a notable distinction of tdMPI in AS
groups compared to healthy control. All studies
showed trends toward elevated tdMPI values in AS
groups. The altered cMPI and tdMPI observed in
this meta-analysis might have potential for prognostic
value in SpA patients as higher MPI value indicates
poorer cardiac function, while a lower MPI value
indicates better cardiac function. A systematic review
by Bennet S et al., have shown that MPI might be
an important prognostic marker in acute myocardial
infarction (AMI) as significant association with
episodes of heart failure, reinfarction, death and
left ventricular thrombus formation were found in
14 out of 16 studies[8]. In heart failure patients,
MPI value >0.47 indicated heart failure with 86%
sensitivity and 82% specificity, and levels of MPI
value >0.77 increased 1-, 3-, and 5-year mortality
[33].

Some inflammatory pathways could contribute
to the development of ventricular dysfunction in
AS, with chronic inflammation histopathologically
impacting myocardial tissue, valve adventitia, and
intimal fibrous proliferation [25]. The process led
to Left Ventricular Diastolic Dysfunction (LVDD)
and followed by Left Ventricular Systolic dysfunction
(LVSD) later. Okan et al., demonstrated a four-fold

increased risk for LVDD in AS patients compared
to healthy controls, with the most significant risk
factor being increased TNF-a [32]. The progression
of LVDD served as an independent indicator for
the likelihood of heart failure and mortality [34,35].

Later, Doppler echocardiography in AS patients
showed impaired diastolic and global LV functions,
whereas in early patients they were generally
asymptomatic [25,29,30,32]. This asymptomatic
phase has been a challenge for previous researchers
to find a method of measurement or diagnosis.
Several recent studies have attempted to find
factors that might be related to this cardiovascular
disorder, such as red cell distribution, pre-systolic
waves, and CRP [25,29,30]. These studies compared
their variables to the appearance of heart function
using echocardiography and an index, namely MPI.

LVEF has been the most common and
focused echocardiography parameter to assess
myocardial function. However, LVEF only describes
systolic function. Therefore, assessment of global
LV function has been suggested as an alternative to
LVEF [36]. Although LVEF and MPI is a simple
and non-invasive tool, but MPI has the advantage
of easy-to-estimate, reproducible parameters, and
considerably evaluate globally from systolic and
diastolic function, whereas with its independence to
the delineation of the endocardial border [8-10,36].
The cumulative effect of both systolic and diastolic
dysfunction in AS likely underlies the observed
elevation in MPI values, reflecting subclinical
cardiac involvment.
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Conventional echocardiography has been widely
utilized for assessing ventricular functions. However,
when it comes to evaluating LV diastolic function,
this method relied heavily on loading conditions,
particularly mitral inflow patterns, which were
significantly influenced by preload and could
undergo significant changes with the progression
of diastolic dysfunction [37]. In contrast, TDI
assessment of diastolic function was less influenced by
loading conditions, allowing for easy acquisition of
myocardial and annular velocities. TDI also offered
a rapid way to differentiate between normal and
pseudonormal patterns, as well as to distinguish
between constrictive and restrictive physiologies [30].

In systolic function indices, two studies by
Ozmen et al. and Rosa et al. showed significant
difference of LVEF in AS patients compared to
healthy subjects [10,29]. These results aligned with
meta-analyses results conducted by Romand et al.,
which reported a statistically negligible decrease in
LVEF in ax-SpA, and with Almasi S et al., which
found a significant LVEF reduction (p=0.020) in
AS patients compared to controls [22,38]. A study
by Midtb@ H et al., reported the mean of LVEF
was normal both in AS patients and controls
(p=0.05) [39].

In diastolic function indices, four studies
demonstrated significant differences E/A or Em/Am
in AS patients compared to healthy control, relevant
with Romand et al., findings, reported altered E/A
ratio of ax-SpA and estimated 16.4% of LVDD and
increased in axial spondyloarthritis (ax-SpA) [22].
These might have been due to diffuse myocardial
infiltration and fibrosis leading to diastolic
dysfunction in the early phase, followed by systolic
dysfunction in the later phase. Heslinga et al.,
showed that diastolic dysfunction occured in a
range of 9-45% among individuals with AS, even
without overt cardiovascular disease and the EF is
within normal range. This LVDD may eventually
lead to heart failure with preserved ejection fraction
(HFpEF) [40].

Albayrak et al., found no significant difference
in either cMPI and tdMPI between patients with
uSpA and healthy control. Different results obtained
by the uSpA group in MPI could have been caused
by disease progression [27]. A recent review study
by Xia et al., indicated that AS developed in 22%
(95%CI 11.0%-33.0%) of uSpA over 5 years,
29.1% (95%CI 25.7%-32.5%) over 8 years, and
39.9% (95%CI 19.0%-60.8%) over 10 years
[41,42]. In uSpA patients, there was no significant
difference of LVEF and control patients. However,

the deterioration of certain diastolic parameters
such as Em and Am could indicate early cardiac
involvement, while the left ventricular systolic
function remained preserved [27].

4.1. HETEROGENEITY ANALYSIS

The cMPI demonstrated a high degree of
heterogeneity, with 12 results of 87%, while the
tdMPI1 demonstrated no substantial heterogeneity,
with 12 results of 0%. The variability of cMPI could
have stemmed from clinical, methodological, or
statistical perspectives. From a clinical perspective,
the differences in participants or outcomes could
have led to high heterogeneity. The number of
participants ranged from 30 to 59 subjects, with
some studies having unequivocal male-to-female
ratios. The larger the sample, the higher the
likelihood of effect sizes to occur. Furthermore, the
disease duration in each study was varied, with the
shortest duration of at least one year and the
longest duration being 19.14+7.51 years. This
variability could have influenced the progression
of cardiac damage, leading to more pronounced
alterations in MPI values.

From a methodological perspective, the
differences in population matching may have
contributed to high heterogeneity. While the mean
ages of the case and control groups exhibited
minimal disparity, the age ranges demonstrated
considerable heterogeneity, with 38+11 to 44.6949.03
years in the case group and 3649 to 43.58 + 20.47
years in the control group [21,25,26]. Furthermore,
ethnicity also played a crucial role in determining
the diversity of SpA incidence and risk factors,
considering the study population originated from
different geographical regions, including Asia
(Turkey) and Europe (Greece) [26]. Prior research
revealed that the low prevalence of SpA coincided
with a low prevalence of HLA-B27, which is
predominantly found in Asia compared to other
continents [43].

4.2. PUBLICATION BIAS ANALYSIS

As the number of our included studies was
fewer than 10, funnel plot assessment could have
led to misinterpretation and unreliable results.
Therefore, we conducted a qualitative evaluation
using GRADE assessment as shown in table 3.
Potential publication bias usually arose from the
tendency of authors or publishers to release papers
with only significant results. In this review, each
study showed various significance in their reported
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outcomes of MPI values, as described in Table 4.A
and 4.B, highlighting the fact that the studies
included in our meta-analysis reported both
significant and insignificant results.

4.3. STRENGTHS AND LIMITATIONS

To the best of our knowledge, this was the
first comprehensive systematic review and meta-
analysis focused on evaluating MPI in adult SpA
patients. A notable strength of our study was the
ability of MPI values to evaluate cardiac dysfunction
in SpA using both conventional echocardiography
and TDI, making the MPI evaluation widely and
easily accessible. However, our study had some
limitations. Although MPI was not widely utilized
and was generally outperformed by other modalities
for evaluating LV function, it might still have held
clinical value in resource-limited settings. In such
contexts, MPI could have served as a useful tool
for detecting subclinical myocardial dysfunction in
specific populations, such as AS patients. The
number of studies was relatively small because
MPI was not a routine assessment of cardiac
function. This study only included observational
studies, thus could not evaluate causative relations
between SpA and impaired cardiac function. We
also did not explore specific subsets of SpA other
than AS due to paucity of studies for these specific
subsets of SpA. Additionally, the findings might
have been subject to geographical bias, as the

majority of the included studies originated from
Turkey, potentially limiting the generalizability of
the findings.

4.4. FUTURE DIRECTION

Future studies might focus on clinical
consequences of MPI towards cardiac dysfunction
in SpA patients, and acceptable abnormal cut off
for predictive and prognostic value. If its utility
was proven, the MPI simplicity and durability
could have made it a mainstay in clinical practice.
Furthermore, comparing the effectiveness of TDI
and conventional echocardiography in determining
MPI accuracy might have helped determine which
modality was better at identifying cardiac dysfunction
in SpA.

5. CONCLUSION

Our study concluded that there were significant
differences in MPI values between AS patients
and healthy controls. Tissue doppler imaging and
conventional echocardiography both revealed a
positive trend toward increased MPI values in AS
patients. Given these findings, a routine MPI
assessment for early detection and management of
cardiac dysfunction in AS patients might have
been warranted. Further studies were needed to
confirm these findings.

Introducere: Acest studiu a avut ca scop evaluarea functiei cardiace utilizind
Indicele de Performanta Miocardica (MPI) la pacientii cu spondiloartrite (SpA).

Material si Metoda: A fost realizatd o cautare cuprinzatoare a literaturii in baze de
date precum Medline, ProQuest, Google Scholar, Scopus si Cochrane Library, axatd pe
studii relevante privind SpA si MPI publicate intre 1995 si 2023. Calitatea studiilor incluse
a fost evaluatd utilizand Scala Newcastle-Ottawa (NOS), iar analiza meta-analitica a fost
efectuata cu ajutorul aplicatiei Review Manager 5.4.

Rezultate: In total, 11 studii au fost incluse in aceastd revizuire sistematicd si meta-
analiza. Spectrul SpA acoperit a inclus un studiu referitor la spondiloartrita nediferentiatd
(uSpA) si 10 studii referitoare la spondilita anchilozanta (AS). Au fost utilizate diverse
metode de evaluare a MPI, inclusiv ecocardiografia conventionald si imagistica Doppler
tisulara (TDI). La pacientii cu AS, valorile atat pentru MPI conventional (cMPI), cdt si
pentru MPI Doppler tisular (tdMPI), au fost semnificativ mai mari comparativ cu martorii
sanatosi (DM = 0,05, IC 95%: 0,01-0,08, p = 0,006, respectiv DM = 0,08, IC 95%: 0,06—0,10,
p < 0,00001). Tn studiul privind uSpA, nu s-au identificat diferente semnificative intre
pacienti si martori in ceea ce priveste valorile MPI, indiferent de metoda utilizata (cMPI

sau tdMPI).

Concluzie: S-au observat diferente semnificative in valorile MPI intre pacientii cu
AS si martorii sandtosi, atat prin metoda cMPI cat si tdMPI, sugerdnd ca MPI ar putea
reprezenta un instrument util pentru detectarea precoce s§i monitorizarea disfunctiei
cardiace la pacientii cu AS. Sunt necesare studii suplimentare pentru validarea acestor

rezultate.
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Supplementary File 1. PICOTS-SD

Patients Adult patients with Spondyloarthritis

Intervention Echocardiography

Comparator Healthy adults patients

Outcomes Myocardial Performance Index

Time Published year of 1995 (Myocardial Performance Index first introduced) - 2023
Setting Participants visiting medical facility

Study Design Observational study design

PICOTS-SD (participant, intervention, comparator, outcomes, time, setting, study design)
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Supplementary File 2. Search Strategy

Database

Query

Results

MEDLINE

(SpondylarthritispMeSH Terms]) OR (Spondylitis, Ankylosing[MeSH Terms])
OR (Arthritis, Rheumatoid[MeSH Terms]) OR (Lupus Erythematosus,
Systemic[MeSH Terms]) OR (Inflammatory Bowel Diseases|[MeSH Terms]) OR
(DermatomyositisfMeSH ~ Terms]) OR  (Enteropathic ~ Arthritis) OR
(Inflammatory Bowel Disease Associated Arthropathy) OR (Polymyositis) OR
(Connective  Tissue Disease) OR  (Rheumatic ~ Autoimmune) OR
(Autoinflammatory Disorders) OR (Systemic Autoimmune) OR (Sjogren
Syndrome) OR (Systemic Sclerosis) OR (Inflammatory Arthritis)

(Echocardiography[MeSH  Terms]) OR  (Ultrasonography,  Doppler,
Pulsed[MeSH Terms]) OR (Doppler Tissue Imaging) OR (Speckle Tracking
Echocardiography)

(Myocardial performance index) OR (Tei Index)

#1 AND #2 AND #3

460,270

115,901

11,964

61

Google Scholar

[(("Spondylarthritis" OR "Ankylosing Spondylitis* OR "Systemic Lupus
Erythematosus" OR "Rheumatoid Arthritis" OR “Inflammatory Bowel Disease
Related Arthritis” OR “Dermatomyositis” OR “Polymyositis” OR “Sjogren
Syndrome” OR “Systemic Sclerosis”))] AND [(("Echocardiography" OR "
Doppler Pulsed Ultrasonography" OR “Doppler Tissue Imaging” OR “Speckle
Tracking Echocardiography”))] AND [((“Myocardial performance index” OR
“Tei Index™))]

1010

ProQuest

[(("Spondylarthritis" OR  "Ankylosing Spondylitis" OR  “Axial
Spondyloarthritis” OR “ Peripheral Spondyloarthritis” OR "Rheumatoid
Arthritis" OR "Systemic Lupus Erythematosus" OR “Inflammatory Bowel
Disease-Related Arthritis” OR "Inflammatory Bowel Disease Associated
Arthropathy" OR  "Enteropathic Arthritis" OR "Dermatomyositis” OR
"Polymyositis” OR “Sjogren Syndrome” OR “Systemic Sclerosis” OR
"Connective Tissue Disease” OR "Inflammatory Arthritis" OR "Rheumatic
Autoimmune” OR  "Autoinflammatory  Disorders” OR  "Systemic
Autoimmune"))]

[(("Echocardiography" OR " Doppler Pulsed Ultrasonography" OR “Doppler
Tissue Imaging” OR “Speckle Tracking Echocardiography”))]

[((“Myocardial performance index” OR “Tei Index”))]

#1 AND #2 AND #3

1047

1061

1181

270

Scopus

(spondylarthritis [mesh AND terms]) OR (spondylitis, AND ankylosing [mesh
AND terms] OR (arthritis, AND rheumatoid [mesh AND terms]) OR (lupus
AND erythematosus, AND systemic [mesh AND terms]) OR (inflammatory
AND bowel AND disease-related AND arthritis [mesh AND terms]) OR
(inflammatoryAND bowel AND disease AND associated AND arthropathy
[mesh AND terms]) OR (enteropathic AND arthritis) OR (dermatomyositis
[mesh AND ters]) OR (polymyositis) OR (sjogren AND syndrome) OR
(systemic AND sclerosis) OR (connective AND tissue AND disease) OR
(inflammatory AND arthritis) OR (rheumatic AND autoimmune) OR
(autoinflammatory AND disorders) OR (systemic AND autoimmune)
(echocardiography [mesh AND terms]) OR (ultrasonography, AND doppler,
AND pulsed [mesh AND terms]) OR (doppler AND tissue AND imaging) OR
(speckle AND tracking AND echocardiography)

[((“Myocardial performance index” OR “Tei Index”))]

1 AND #2 AND #3

1,110,802

125,326

221,690
896
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Supplementary File 2 (continued)
Database Query Results
Cochrane Library  (SpondylarthritisfMeSH Terms]) OR (Spondylitis, Ankylosing[MeSH Terms]) 14570

OR (Arthritis, Rheumatoid[MeSH Terms]) OR (Lupus Erythematosus,
Systemic[MeSH Terms]) OR (Inflammatory Bowel Diseases|[MeSH Terms]) OR
(DermatomyositisfMeSH ~ Terms]) OR  (Enteropathic  Arthritis) OR
(Inflammatory Bowel Disease Associated Arthropathy) OR (Polymyositis) OR
(Connective  Tissue Disease) OR  (Rheumatic ~ Autoimmune) OR
(Autoinflammatory Disorders) OR (Systemic Autoimmune) OR (Sjogren
Syndrome) OR (Systemic Sclerosis) OR (Inflammatory Arthritis)

(Echocardiography[MeSH  Terms]) OR  (Ultrasonography,  Doppler,
Pulsed[MeSH Terms]) OR (Doppler Tissue Imaging)

(Myocardial performance index) OR (Tei Index)

#1 AND #2 AND #3

66

227




