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Abstract

Ankylosing spondylitis (AS) is a chronic inflammatory arthritis affecting the spine, pre-
senting a considerable morbidity risk. Although evidence consistently indicates an
elevated risk of ischemic heart disease among AS patients, debates persist regard-
ing the likelihood of these patients developing left ventricular dysfunction (LVD). Our
investigation aimed to determine whether individuals with AS face a greater risk of
LVD compared to the general population. To accomplish this, we identified studies
exploring LVD in AS patients across five major databases and Google Scholar. Initially,
431 studies were identified, of which 30 met the inclusion criteria, collectively involv-
ing 2933 participants. Results show that AS patients had: (1) poorer Ejection Fraction
(EF) [mean difference (MD): —0.92% (95% Cl: —1.25 to —0.59)], (2) impaired Early (E)
and Late (atrial—A) ventricular filling velocity (E/A) ratio [MD: —0.10 m/s (95% Cl:
—0.13 to —0.08)], (3) prolonged deceleration time (DT) [MD: 12.30 ms (95% Cl: 9.23-
15.36)] and, (4) a longer mean isovolumetric relaxation time (IVRT) [MD: 8.14 ms (95%
Cl: 6.58-9.70)] compared to controls. Though AS patients show increased risks of both
systolic and diastolic LVD, we found no significant differences were observed in sys-
tolic blood pressure [MD: 0.32 mmHg (95% Confidence Interval (Cl): —2.09 to 2.73)]
or diastolic blood pressure [MD: 0.30 mmHg (95% Cl: —0.40 to 1.01)] compared to the
general population. This study reinforces AS patients’ susceptibility to LVD without a
notable difference in HTN risk.
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1 | INTRODUCTION

Ankylosing spondylitis (AS) represents a chronic inflammatory disor-
der, primarily affecting the axial skeleton, with pronounced involve-
ment of the spinal facet and sacroiliac joints.! AS predominantly affects
young males, and its ramifications extend beyond the musculoskele-
tal system.? Notably, while cardiac involvement in AS patients remains
relatively rare, manifestations such as diastolic dysfunction—often
concomitant with heart failure maintaining preserved ejection fraction
(EF)—have been documented.®* Dilated and restrictive cardiomyopa-
thy patterns, conduction anomalies, and aortic insufficiency are other
cardiac sequelae associated with AS.4>

The overarching cardiovascular mortality in AS patients is approxi-
mately double that of the general populace, with heart failure emerging
as a pivotal contributor.>? Intriguingly, chronic inflammatory path-
ways, previously linked with cardiac disturbances such as coronary
artery disease in rheumatoid arthritis (RA), are believed to also
underlie the cardiac dysfunction in AS.>"® A multitude of research
underscores the shared pathophysiological underpinnings of cardiac
dysfunction in RA and AS.>~8

Considering these insights, our endeavor is a comprehensive meta-
analysis, targeting studies that underscore a heightened incidence and

prevalence of left ventricular dysfunction (LVD) amidst AS patients.

2 | METHODS

2.1 | Objective

The study aims to assess the risk of LVD in patients with AS compared
to the general population. This updated meta-analysis synthesizes data
on LVD parameters such as EF, Early (E) and Late (atrial—A) ventricu-
lar filling velocity (E/A) ratio, Deceleration Time (DT), and Isovolumetric
Relaxation Time (IVRT).

2.2 | Search strategy

A comprehensive literature search was conducted in PubMed,
EMBASE, Cochrane Library, Scopus, and Web of Science, along with
Google Scholar. The search was restricted to articles published
between January 1, 2000, and December 31, 2022. Search terms
included combinations and variants of “Ankylosing Spondylitis,” “Left
Ventricular Dysfunction,” and related keywords. Comprehensive
search strategies with detailed inclusion and exclusion criteria can be

found in the supplemental material.

2.3 | Study selection and data extraction

Inclusion criteria encompassed studies that examined LVD parame-
ters in AS patients using either cohort, case-control, or cross-sectional
designs. Exclusion criteria included case reports, review articles, and

studies not explicitly focusing on LVD in AS patients. Two independent
reviewers screened the titles and abstracts, proceeding to a full-text
review for eligible studies using the Covidence online platform. A stan-
dardized data extraction form was utilized to capture study details,
patient demographics, and LVD metrics. Discrepancies were resolved

through consensus or by involving a third reviewer.

24 | Statistical analysis

A meta-analysis was performed using a random-effects model to
accommodate potential heterogeneity across studies. Heterogeneity
was assessed using the [2 statistic. Mean differences (MD) were cal-
culated for systolic and diastolic blood pressure, EF, E/A ratio, DT, and
IVRT. All analyses were conducted using the RevMan and R software

package, version 4.0.

3 | RESULTS

Database search yielded 431 records. After removing duplicates, 104
full-text articles were reviewed from 350 screened titles and abstracts
(See Figure 1).

Our comprehensive analysis involved 2,933 participants assimi-
lated from 30 individual studies from the full-text screening. The
characteristics of these selected studies are systematically detailed in
Table 1.

Upon meticulous examination of the data:

3.1 | Blood pressure metrics

The analysis showed no statistically significant difference in systolic
and diastolic blood pressures between the groups under comparison.
Specifically, the MD for systolic blood pressure was 0.32 mmHg with a
95% Confidence Interval (Cl) ranging from —2.09 to 2.73. The diastolic
blood pressure showed an MD of 0.30 mmHg, with a 95% Cl of —0.40
to 1.01.

3.2 | Ejection fraction

A pivotal finding was that the AS patients exhibited a markedly reduced
EF as compared to the control group (Figure 2). The MD is —0.92%,
confirmed by a 95% Cl ranging between —1.25% and —0.59%.

3.3 | Ventricular filling velocities (E/A ratio)

Our findings illustrated that the Early (E) to Late (atrial—A) ventricular
filling velocity ratio, commonly referred to as the E/A ratio, was con-
siderably compromised in AS patients (Figure 3). The ratio exhibited an
MD of —0.10 m/s, with a 95% Cl of —0.13 to —0.08.
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FIGURE 1 Prismachart summarizing the method’s process.
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WILEY | e
EF AS Patients EF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Acar 2009 6655 487 40 6702 4868 42 25% -047}254,160] -1
Aksoy 2010 657 36 28 638 28 30 3%% 1.8010.23,357] —
Amasi 2020 5663 664 67 5925 266 40 34% -262}4.41,-083] —
Baniaamam 2021 57 6 193 60 8 74 27% -3.00}5.01,-099] -
Gajlar 2016 663 52 42 643 62 40 18% 200}0.48,4.48] H TR
Caliskan 2008 679 38 40 672 23 35 55% 0.70}0.70,2.10] ™
Demir 2021 6875 562 60 6684 508 60 30% 1.91 }0.01,383 ree=e=
Emren 2018 592 53 72 603 46 56 37% -1.10}282,062] ==r
Gould 1992 62 6 21 64 6 24 0%% -200}5.51,1.51) =
Inci 2017 639 33 60 645 2 40 101% -0601.64,044) -
Jiménez-Balderas 2001 56 46 31 695 51 20 1.4% -1350[16.26,-10.74) S
Kaya 2010 638 28 28 657 36 30 40% -1.90F355,-025] -
Kiris 2012 681 36 77 679 41 40 48% 020}1.30,1.70] T
K¢k 2017 68.4 8 30 79 58 30 09%% -3507.04,004) Sy
Kuloghu 2012 656 47 30 675 37 30 24% -1.90 4.04,024] -
Law 2017 59 54 92 62 & 38 38% -3.00F4.68,-1.32) =
Widtha 2018 66 6 133 68 5 126 62% -200F333,-067) ==
Moyssakis 2009 59 57 57 62 46 78 34% -3.00}4.80,-1.20] -
Okan 2008 65 44 49 65 39 33 33% 000F1.81,181) -T-
Ozen 2018 5827 18 55 598 219 20 95% -1.53F260,-0.46] -
OzkaramanliGur 2018 627 52 75 638 42 30 30% -1.10}3.01,081] =T
Perequd-Pogorzelska 2005 582 61 38 623 54 25 00% -4.10[2361,1541]
Turkmen 2020 616 25 40 617 26 40 87% -010}1.22,1.02) T
Ustun 2014 64 42 26 648 23 26 32% -080}-264,1.04 o
Yildirir 2002 669 48 88 667 37 31 40% 020F1.44,184 = o
Zungur 2018 649 51 64 635 45 70 41% 1.4010.23,303 o=
Total (95% CI) 1542 1108 100.0%  -0.92[-1.25,-0.59] |
Haterogeneily. Chi*= 151.98, df= 25 (P < 0.00001); F=84% +

Testfor overall effect Z=5.45 (P <0.00001)

FIGURE 2

34 | DT &IVRT

Another significant observation was the AS patients’ cardiac timings.
The DT in this group was prolonged by a mean of 12.30 ms (95% ClI:
9.23-15.36) compared to controls (Figure 4). Additionally, the mean
IVRT was extended, with an MD of 8.14 ms, statistically supported by a
95% Cl ranging from 6.58 to 9.70 (Figure 5).

3.5 | Assessment of publication bias
The integrity of our meta-analytic conclusions was evaluated through a
funnel plot analysis, complemented by Egger’s test for publication bias.
Visually, the funnel plot (Figure 6) displayed a symmetrical distribution
of studies around the pooled effect size estimate, which is indicative
of minimal publication bias. The precision of included studies, reflected
by the inverse of standard errors, did not show the expected dispersion,
with many studies clustering at the top of the plot. This unusual pattern
prompted further investigation through Egger’s regression test.
Egger’s test statistically examines the funnel plot asymmetry by
regressing the standard normal deviation against precision. The results
indicated no significant asymmetry (t = —0.5852, and p = .5623), with

the limit estimate for the intercept as the precision approaches zero

20 10 0 10 20
Favours AS Patients Favours Control

Forest plot depicting the distribution of Ejection Fractions (EF) among the included studies.

being b = 0.1880 (95% Cl: —0.3146, 0.6906). The non-significant p-
value (p > .05) suggests that the effect sizes of the included studies
are not influenced by publication bias. This reinforces the reliabil-
ity of our meta-analytic findings and supports the notion that the
literature analyzed provides a comprehensive view of the research
landscape without overrepresentation of studies with more favorable
outcomes.

The funnel plot, in conjunction with Egger’s test, provides a method-
ological safeguard against the dissemination of biased conclusions. The
absence of publication bias as indicated by the statistical tests ensures
that our meta-analysis reflects an unbiased estimate of the effect size,
which is crucial for evidence-based practice.

4 | DISCUSSION

While the link between AS and cardiovascular diseases has been
established,” our understanding of the specific impact of AS on left
ventricular function remains limited. This meta-analysis, encompass-
ing 30 studies and a significant sample size of 2933 patients, aimed
to shed light on this relationship by examining cardiovascular param-
eters like blood pressure, EF, and echocardiographic measures among
AS patients.
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E/A AS Patients E/A Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Acar2009 121 03 40 14028 42 39% -0.19[}032,.-0.08) —
Almasi 2020 137 069 67 206 144 40 03% -069}1.17,-021) &——
Baniaamam 2021 1 03 193 09 02 74 161% 010[0.04,0.18) -
Gadlar 2016 114 013 42 117 012 40 212% -003[0.08,0.02) 9
Caliskan 2008 12 03 40 132029 35 35% -012[0.25001) —
Ercan 2013 124 03 66 123 02 20 50% 001[0.10,0.12) -1
In¢i 2017 133 028 60 155 035 40 37% -0.22(0.35,-0.09) ——
Kaya 2010 116 034 28 119 029 30 23% -0.03F0.19,0.13 I
Kiris 2012 14 04 77 16 041 40 26% -020[0.35,-0.04) ——
Kuloglu 2012 123 024 30 141 032 30 30% -0.18}032,-0.04 ——
Law 2017 11 04 92 13 06 38 14% -020F041,001) —
Midtbs 2018 13 04 133 14 05 126 52% -010(0.21,0.01) —
Moyssakis 2009 102 022 &5 111025 78 98% -009(-0.17,-001] -
Okan 2008 13 035 49 136 027 33 34% -006F0.19,0.07 T
Peregud-Pogorzelska 2005 092 031 38 113 026 25 31% -021[035,-0.07) ——
Turkmen 2020 11 02 40 144 01 40 130% -034[041,-027) -
Ustun 2014 1 04 26 15 05 26 10% -050(0.75,-0.29)
Yildirir 2002 127 038 88 157 05¢ 31 15% -030(-051,-009) S
Total (95% CI) 172 789 100.0% -0.10[-0.13,-0.08] ()
Heterogeneity. Ch*= 128.04, df= 17 (P <0.00001), F=87% _51 0‘ 5 0 055 1

Testfor overall effect Z=8.00 (P < 0.00001) Favours AS Patients Favours control

FIGURE 3 Forest plot depicting the distribution of Early (E) and Late (atrial—A) ventricular filling velocity (E/A) ratio among the included
studies.

DT AS Patients DT Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Acar 2009 20483 208 40 19352 1597 42 145% 11.31[3.26,19.36) -
Caliskan 2008 2031 419 40 1883 175 35 47% 14.80(0.58, 29.02) —
Gur 2017 17347 17347 30 1553 3675 30 02% 18174528, 81.62)
Inci 2017 199 25 60 188 20 30 103% 11.00[1.45, 20.59) [
Kaya 2010 2014 255 28 2068 327 30 42% -540[2044,964) -
Kiris 2012 1822 437 77 1953 321 40 48% -13.10}27.04,084) —t—
Kigik 2017 1735 225 30 1553 367 30 4.0% 18.20[2.80,33.60] ——
Kuloglu 2012 1966 326 30 169 374 30 3.0% 27.60[9.85 45.39) I
Moyssakis 2009 179 24 57 166 19 78 16.6% 13.00(5.48 2052 -
Okan 2008 21276 4224 49 18342 2248 33 47% 2934[1524,4344) En—
Park 2012 1805 162 20 1657 239 25 68% 14.80[3.05 26.59) I
Turkmen 2020 188.7 25 40 1823 15 40 115% 6.40[263,1543) ™
Ustun 2014 2121 464 26 1948 401 26 1.7% 17.30[6.27,4087] T =
Yildirir 2002 218 33 88 193 23 31 73% 2500(13.66,36.34) m——
Zungur 2018 2042 406 64 192 35 70 57% 1220069, 25.09 |
Total (95% CI) 679 570 100.0% 12.30(9.23, 15.36] ‘
Heterogeneity. Chi*= 34.23,df= 14 (P = 0.002), F= 59% ‘ 100 - éo 9 5¢0 1 00’
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FIGURE 4 Forest plot depicting the distribution of Deceleration Time (DT) among the included studies.
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FIGURE 5 Forest plot depicting the distribution of Isovolumetric Relaxation Time (IVRT) among the included studies.
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FIGURE 6 Funnel plot for assessment of bias.

4.1 | Left ventricular function and
echocardiographic parameters

Our study highlights a significant finding of compromised EF in AS
patients compared to controls, displaying an MD of —0.92% [95% Cl:
—1.25 to —0.59]. Historically, diastolic LV dysfunction has been more
associated with AS than systolic LV dysfunction.’ The progression to
LV dysfunction is believed to involve a sequence of events: systemic

inflammation triggers coronary endothelium activation, resulting in
alterations in cardiomyocytes, infiltration of monocytes, collagen pro-
duction, microvascular rarefaction, interstitial fibrosis, and increased
stiffness of cardiomyocytes, collectively contributing to the impair-
ment of ventricular relaxation.11:12

However, our analysis revealed inconsistencies among studies in
their echocardiographic findings. While Baniaamam and colleagues
(2021) detected minimal variances between AS patients and controls
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regarding both systolic and diastolic left ventricular (LV) dysfunction, 2
Midtbg and colleagues (2018) indicated a reduced left ventricular EF
in AS patients.’® These inconsistencies could be attributed to the
evolving guidelines set forth by the American Society of Echocardiog-
raphy (ASE) and the European Association of Cardiovascular Imaging
(EACVI), as well as the inherent variability in measuring diastolic
dysfunction.’*1> According to one study, the prevalence of diastolic LV
dysfunction in AS patients was 53% using the 2009 ASE/EACVI algo-
rithm, but decreased notably to 3.8% with the application of the 2016
ASE/EACVI criteria.l2

Further reinforcing the notion of LV dysfunction in AS, Caliskan
and colleagues (2008) identified differences in parameters reflecting
LV diastolic function between AS patients and controls.® Our findings
were consistent with this, revealing impaired diastolic function in AS
patients. Indicators like the decreased E/A ratio, prolonged DT, and
extended IVRT in AS patients collectively underscore the challenges
these patients face during the cardiac cycle’s diastolic phase.

While our study primarily focuses on the relationship between AS
and LVD, it is important to acknowledge that various other factors
can contribute to the development of LVD. Valvular heart disease,
particularly aortic stenosis and mitral regurgitation, has been identi-
fied as a significant cause of LVD.1® In a recent study by Généreux
and colleagues (2017), severe aortic stenosis was found to be asso-
ciated with a higher prevalence of LVD, with a reduced EF observed
in 24% of patients.'” Similarly, mitral regurgitation has been linked to
LVD, as chronic volume overload leads to progressive left ventricular
remodeling and dysfunction.!®

Moreover, hypertension (HTN) and diabetes mellitus are well-
established risk factors for LVD.1? A meta-analysis by Huang and
colleagues (2020) demonstrated that HTN was associated with a 2.1-
fold increased risk of LVD, while diabetes mellitus conferred a 1.7-fold
increased risk.29 These comorbidities can contribute to the develop-
ment of LVD through various mechanisms, such as increased afterload,
myocardial fibrosis, and microvascular ischemia.?!

The strength of this study includes its comprehensive approach
in encompassing a diverse array of studies including a large patient
population and thus leading to a robust statistical power to our meta-
analysis. The meticulous scrutiny of baseline characteristics across
individual studies, coupled with the utilization of major databases and
stringent inclusion criteria, ensures the reliability and validity of our
findings. Moreover, the unprecedented scale of this meta-analysis, rep-
resenting the largest exploration of the relationship between AS and
LVD to date, offers unparalleled insights. These findings could poten-
tially reshape the management strategies for AS patients, potentially
ameliorating cardiovascular outcomes owing to the depth and breadth
of the data examined and analyzed.

Limitations of this study include heterogeneity among individual
studies, such as measurement of EF, as some studies reported mea-
suring EF through both biplane and visual methods, while others did
not specify the exact technique used in their EF measurement. Other
potential limitations include some studies having incomplete data on
confounders, the potential biases of individual study quality, and the

absence of conclusive causative evidence between AS and LVD.

As a meta-analysis, due to the variability in parameters across indi-
vidual studies, we were unable to evaluate other common associated
diseases of AS, such as its association with aortic valve disease, stroke,
and diabetes. Also, most of the articles that we analyzed in our stud-
ies did not contain the newly proposed indices such as E/e’ ratio. We
acknowledge that at the time of publication of these articles, these
novel indices were not included in most guidelines. This limitation was
also taken into consideration during our research.

Although our study primarily focused on the association between
AS and LVD, we acknowledge the multifactorial nature of LVD and the
potential contributions of other cardiovascular and systemic diseases.
Future studies should consider these factors and their interactions
with AS to provide a more comprehensive understanding of LVD in this

patient population.

4.2 | Blood pressure

Historically, a heightened risk of HTN in AS patients was
suggested.?223 However, our findings, corroborated by studies
like Midtbg and colleagues (2018), indicated comparable HTN preva-
lence between AS patients and controls.!® Despite this similarity in
blood pressure readings, the increase in left ventricular (LV) hypertro-
phy prevalence in AS patients hints at profound implications on the
LV'’s structure and function.’®24 This emphasizes that the effects of
AS on cardiac health might be more intricate and extend beyond just

blood pressure metrics.

5 | CONCLUSIONS

Our updated meta-analysis underscores the pronounced cardiovascu-
lar alterations in AS patients, with marked deviations in EF, ventricular
filling velocities, and specific cardiac timings compared to controls.
These revelations have pivotal clinical ramifications, emphasizing the
necessity of comprehensive cardiovascular assessment in AS patients.
However, considering the limitations, the findings should be inter-
preted judiciously, and further rigorous studies are warranted to

corroborate our results.
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