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The Prevalence of Mitral Valve Prolapse in
Panic Disorder: A Meta-Analysis
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Background: Although most studies have suggested that
mitral valve prolapse (MVP) is more prevalent in
patients with panic disorder (PD) than in healthy con-
trols, there is a substantial uncertainty in the rates of
MVP across studies.Objective: To investigate, through
systematic review and meta-analysis, the relative risk of
MVP in patients with PD compared to controls.
Methods: Embase, Proquest, Pubmed, and Google
Scholar electronic databases were searched up to Sep-
tember 2018. All studies published in peer-reviewed jour-
nals, which included both PD and controls groups, were
selected. Events (presence of MVP) and nonevents
(absence of MVP) in PD and control groups were
recorded. The main outcome was the measure of relative
risk (RR) pooled with 95% confidence intervals, using
fixed-effects model. Heterogeneity, small publication
effect, and publication bias were evaluated.
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Results: Fourteen studies, including 1146 participants,
met eligibility criteria. There was no significant heteroge-
neity or publication bias. The prevalence of MVP in PD
and healthy controls was 27.20% and 9.21%, respec-
tively. Patients with PD had a significantly increased rel-
ative risk of MVP compared to controls in the pooled
sample (RR = 2.469, 95% confidence interval =
1.848�3.300). Age did not significantly modify the RR.
Conclusions:MVP is significantly more prevalent in
patients with PD than in controls. This meta-analysis of
published studies is sufficient to establish an association
between PD and MVP; nevertheless, it is not clear that
the association is specific to PD. Patients with PD should
be evaluated for MVP to decrease possible negative
adverse consequences of MVP.
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INTRODUCTION

Panic disorder (PD) is an anxiety disorder character-
ized by reccurring unexpected panic attacks and ago-
raphobia in the vast majority of individuals with PD.1

The lifetime prevalence of PD and recurrent panic
attacks without a diagnosis of PD in the general adult
population is 5.2% and 7% respectively.2,3 PD is asso-
ciated with high disability and with severe symptoms.
Among those, cardiovascular symptoms, such as
tachycardia, palpitations, fatigue, dyspnea, dizziness
and fainting, are key features of panic attacks, in
addition to marked distress and anticipatory anxiety.1
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The Prevalence of Mitral Valve Prolapse
Despite the extensive research, we do not understand
the etiology of PD.

The prevalence of mitral valve prolapse (MVP)
in the general population is reported to be 2.4%
using recent echocardiography criteria.4 However, in
previous community studies using an older echocar-
diographic technique, equipment and diagnostic cri-
teria, the prevalence of MVP was reported as 5%.5

The cardiovascular symptoms listed previously for
PD also occur in MVP.

For the last 40 years there have been multiple
discussions on whether MVP is associated with PD.
Some researchers speculated that PD could lead to
or be caused by MVP given the similarity of symp-
toms in PD and MVP.6,7 However, the etiological
connection, previously postulated between these two
conditions, has not been confirmed, and the field
now accepts that PD and MVP can co-exist
independently.1,8�10 The literature on the comorbid-
ity of PD and MVP is inconsistent in terms of the
magnitude of association. The prevalence of MVP in
patients with PD has been reported as between 0%
and 57%, which makes the results inconclusive.11�13

The high variability of these results may be related
to sampling biases, small study samples, and to
inconsistent diagnostic criteria for PD and MVP.
Furthermore, the differences in echocardiography
techniques have been shown to strongly influence
estimates of the prevalence of MVP diagnosis.14,15

The relationship between the DSM-III category
of anxiety neurosis, panic attacks, chronic anxiety,
and MVP has been reviewed in earlier studies without
a meta-analytical process.8,9 However, the contents
and classifications of variables of interest have been sub-
ject to change over time. For example, situationally-
predisposed panic attacks can also be observed in other
anxiety disorders, including social phobia, generalized
anxiety disorder or simple phobias. Moreover, no
current DSM-5 entity corresponds precisely to the
DSM-III concept of “anxiety neurosis,” which was
frequently used in the older literature investigating the
association of PD and MVP. On the other hand,
later DSM classifications have defined PD and agora-
phobia as successive, related, and overlapping
disorders.1,16,17 For these reasons, we have limited this
meta-analysis to those patients who were diagnosed with
PD and/or agoraphobia and comparing them with a
control group.
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We aimed to perform a systematic review of the lit-
erature and a meta-analysis on the prevalence of MVP
in PD and agoraphobia vs controls.
METHODS
Data Sources

We performed a literature search that focused on
reporting MVP prevalence in adults with PD (with or
without agoraphobia), and with agoraphobia only. We
searched major electronic bibliographic indexing serv-
ices Google Scholar, Embase, Proquest, and Pubmed
using keywords “mitral valve prolapse AND panic,”
“mitral valve prolapse AND panic disorder” and
“mitral valve prolapse AND agoraphobia.” We
included in our screen all articles written in English,
Spanish, and Turkish and published in a peer-reviewed
journal, from the earliest dates available through Sep-
tember 2018. Then, the reference lists of identified stud-
ies were searched manually for additional articles.
Description of Included Studies

The criteria for including studies in the meta-analysis
was that (1) the patients must have been diagnosed with
either PD or agoraphobia (PD/A), (2) the study must
have included cases and controls, and (3) the study
must have reported the prevalence of MVP in both
groups. For studies comparing MVP prevalence among
multiple psychiatric diagnostic groups (e.g., generalized
anxiety disorder, social phobia) with a control group,
only the data of the PD/A groups were extracted. We
excluded studies using as comparator only psychiatric
diagnoses associated with situationally-predisposed
panic attacks (such as GAD with panic attacks, social
phobia with panic attacks). For reports classifying the
MVP diagnosis as definite, probable, or possible, only
the definite numbers were included in the meta-analysis.
The minimum acceptable criteria for the diagnosis of
MVP were mitral leaflet interfaces moving posteriorly
from the C-D line �2 mm in late systole, or �3 mm pos-
terior systolic movement of the mitral valve, in accor-
dance with the criteria of the American Society of
Echocardiography18 and others.19 All the studies
included were controlled, and the diagnosis of MVP
was made or excluded in PD/A and controls with
Psychosomatics 60:4, July/August 2019
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TABLE 1. Studies Comparing the Prevalence of MVP in Patients With PD to Control Group

Study Year Echocardiography PD and Agoraphobia Controls

N (F/M) Age Rate of MVP
(%, n)

n (F/M) Age Rate of MVP
(%, n)

Kantor et al.7 1980 Ausc/M-Mode 25 (25/0) 41.9 § 9.4 32%, 8 23 (23/0) 42 8.7%, 2
Venkatesh et al.21 1980 Ausc/M-Mode 21 (15/16) 37 38.1%, 8 20 (14/6) 37 10%, 2
Shear et al.22 1984 M-Mode 25 (14/11) 35.8 8%, 2 25 (14/11) 37 4%, 1
Nesse et al.23 1985 Ausc/M-Mode 20 (16/4) 32.0 § 11 35%, 7 3 (NR) 26.0 § 5.2 0%, 0
Dager et al.24 1986 M-Mode and 2D 35 (NR) NR 34.3%,12 20 (10/10) 36.6 15%, 3
Gorman et al.25 1988 M-Mode and 2D 36 (18/18) 35.4 § 7.3 39%/14 22 (12/10) 29.3 § 8.5 18%, 4
Arkonac et al.26 1990 M-Mode and 2D 56 (30/26) 32.7 § 9.1 54%, 30 40 (16/24) 32.9 § 8.7 12.5%, 5
Carney et al.27 1990 Cineangiography 20 (11/9) 52 § 11 40%, 8 28 (15/13) 56 § 9 7%, 2
Ozer et al.28 1993 M-Mode and 2D 40 (24/16) 31.5 § 6.59 45%,18 57 (31/26) 32.8 § 6.17 17.5%, 10
Arik et al.29 1998 M-Mode and 2D 51 (33/18) 38.1 § 10.0 17.6%, 9 60 (41/19) 38.7 § 12.3 5%, 3
Hamada et al.30 1998 M-Mode and 2D 121 (55/66) 38.3 § 1.2 32.2%, 39 37 (15/22) 31.6 § 1.3 16.7%, 6
Martin-Santos et al.31 1998 M-Mode and 2D 84 (NR) NR 9.5%, 8 34 (NR) NR 17.7%, 6
Tamam et al.32 2000 M-Mode and 2D 50 (34/16) 33 § 8 12%, 6 50 (28/22) 31 § 9 5.7%, 3
Filho et al.33 2011 M-Mode and 2D 41 (19/22) 37.8 § 9.0 2.4%, 1 102 (67/35) 22.3 § 2.7 1%, 1

Ausc = auscultation; NR= not reported; 2D= two dimension.
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echocardiography (in 13 studies), using the best echo
standards for the MVP diagnosis available at the
time, or by cineangiography (in one study) (see
Table 1). As far as medical and psychiatric diagno-
ses, in all studies the diagnosis of PD/A was made
with standardized interviews (e.g., SCID) according
to the DSM criteria applicable at the time. However,
the exclusion criteria for comorbid psychiatric diag-
noses were not reported in 8 out of 14 studies for
the PD/A group. In 4 studies the control groups
were determined to have no psychiatric diagnosis via
SCID, in 7 studies the exclusion for controls was
made with psychiatric interviews; medical illness was
excluded in 11 of 14 studies based on a medical
interview; and in 3 of 14 studies the authors did not
explain the selection process for controls. A flow-
chart of the article selection according to the Trans-
parent Reporting of Systematic Reviews and Meta-
Analyses (PRISMA) statement20 has been summa-
rized in Figure 1. Since this meta-analysis focused on
the risk ratio of MVP in PD/A compared to controls
as the main output, we recorded the sample size, the
number of positive outcome (MVP+), and the num-
ber of negative outcomes (MVP¡) from the selected
studies. The general features of the included studies
(e.g., publication year, gender distribution, mean
ages, and echocardiography methods) were summa-
rized in Table 1.
Psychosomatics 60:4, July/August 2019
Statistics

The event (MVP+) and nonevents (MVP¡) in PD/A
and control groups extracted from the studies were
entered into the dataset as raw numbers. The pooled
data included number of events, number of nonevents,
sample size of the PD/A, and the control groups. The
risks of MVP for cases (PD/A) and controls, and the
risk ratios (RR) for each study were calculated. The sig-
nificance of pooled RR’s was tested by z tests. The
homogeneity of the effect sizes across the studies was
tested with the Cochrane's Q test, and the magnitude of
heterogeneity was expressed by the I2 (inconsistency)
test. If the homogeneity assumption was not violated
(I2 < 25%, p < 0.1), we accepted the relative risk and
weighted percentages from fixed effect model calcula-
tions (Mantel-Haenszel test). In addition to visual
inspection of the funnel plots, publication bias and
small study effects were assessed by the Harbord and
Egger’s tests. We performed a sensitivity analysis by
investigating the effect of individual studies on the over-
all meta-analysis: the meta-analysis was re-estimated by
omitting each study, sequentially, to determine the
robustness of results. All statistical analyses were per-
formed with Stata 14.1 (StataCorp. 2015. Stata Statisti-
cal Software: Release 14. College Station, TX:
StataCorp LP). The overall statistical level of signifi-
cance was set to 2 tailed p � 0.05.
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FIGURE 1. PRISMA Flowchart of the Article Selection Process
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The Prevalence of Mitral Valve Prolapse
RESULTS
Methodologic Quality of Included Studies

The diagnostical assessments for PD/A were done
according to DSM classifications in all of the included
14 studies.7,21-33. Again, the diagnosis of MVP was
made according to accepted standards, and confirmed
using combinations of methods in all the included stud-
ies. In most of the studies, the clinicians assessing MVP
were blinded to research groups. The main output meas-
ures were clearly expressed in all studies. Overall, the
quality of studies included in the meta-analysis was
evaluated as high. Nevertheless, 5 of the included stud-
ies did not report mean age (n = 2) and standard deriva-
tion (n = 3) either in cases or controls (Table 1).
Without the 5 studies which did not report mean age or
SD, the mean age of participants with PD/A was higher
(36.76 § 6.81, n = 435) than controls (33.40 § 7.60,
n = 399) in the pooled sample, but the difference did not
reach statistical significance (SMD= 1.015, SE = 0.523,
396 www.psychosomaticsjournal.org
t = 1.941, p = 0.06). The distribution of genders was not
reported in 3 studies (in PD/A group n = 2, in controls
n = 1). In the remaining studies there were no significant
differences in gender distribution between cases (female
n = 279 out of 497, 56.14%) and controls (female
n = 276 out of 464, 59.48%) in the pooled sample
(x2 = 0.968, df = 1, p = 0.325).
Main Meta-analysis

The total pooled sample size was 1136 and consisted
of 14 studies which have reported the main outcome
and met the eligibility criteria of the meta-analysis.
One-hundred seventy out of 625 PD/A patients (27.2%)
and 48 out of 521 controls (9.2%) met criteria for MVP.
In the pooled sample, the RR for MVP+ was signifi-
cantly higher in patients with PD/A (RR= 2.469,
95%CI = 1.848�3.300) compared to controls (z = 6.110,
p < 0.001, Figure 2). The odds ratio for MVP+ was
3.146 (95%CI = 2.199�4.500) for patients with PD/A
(z = 6.275, p < 0.001). There was no evidence of hetero-
geneity in the effect sizes of pooled studies (Q = 13.593,
Psychosomatics 60:4, July/August 2019
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FIGURE 2. Forrest Plot of Increased Relative Risk of MVP in PD Compared to Controls
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df = 13, p = 0.403). Overall, high consistency was
observed in the pooled effect sizes, with a low inconsis-
tency index (I2 = 4.36%). The forest plot of RRs includ-
ing 95% confidence intervals (CI) and weighted
percentages across the studies using fixed effect
approach can be seen at Figure 2. Visual inspection of
funnel plots and Galbraith plots suggested there was no
publication bias (Figures 3 and 4). Furthermore,
Egger’s (bias = 0.348, p = 0.658) and Harbord tests
(bias = ¡0.057, p = 0.936) provided no indications of
small study effects or publication bias in the calculated
RR. The Labbe plot showed a smooth increase in RR
of having MVP+ in favors of PD/A (Figure 5). The sen-
sitivity analysis, done by omitting sequentially each
individual study and re-calculating the meta-analysis
supported the robustness of results. Omitting each study
sequentially caused a modest variability in RR, between
Psychosomatics 60:4, July/August 2019 www.psychosomaticsjournal.org 397
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FIGURE 4. Galbraith Graphic for Publication Bias and Small Study Effect

es /b

1/se

 b/se  Linear prediction

0 2.97467

-2-2

0

2

4.57906

FIGURE 5. Labbe Plot of RR. Dashed Line Represents Regression
Line on RR= 2.47

The Prevalence of Mitral Valve Prolapse

398 www.psychosomaticsjournal.org
2.252 and 2.827 (95%CI = 1.848�3.300). Although we
have not observed significant heterogeneity among
studies, it was important to test whether the age differ-
ence between groups might have contributed to the cal-
culated RR, since we found marginal statistical
differences in age between the pooled PD and control
groups. Univariate metaregression confirmed that there
was no significant effect of mean age on the pooled RR
(b = ¡0.035, 95%CI = ¡0.147�0.076, p = 0.500).

DISCUSSION

Our results verified the increased prevalence of MVP
in patients with PD/A compared to controls. The
pooled prevalence of MVP in PD/A was 27.2%;
approximately 1 out of 4 patients with PD/A had
MVP. In comparison with controls, patients with
PD/A have a RR for MVP of 2.5, and an odds ratio
for having MVP of 3.1.

However, there are no biologic explanations for the
strong relationship between MVP+ and PD/A. Remain-
ing unanswered questions include whether the observed
Psychosomatics 60:4, July/August 2019
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association between PD and MVP is causal, or
resulting from overlapping symptoms. Also, we do
not know how MVP modifies the course of PD, for
example by changing the severity of PD in patients
with MVP, or by changing the response to antide-
pressants or cognitive-behavioral therapy in this
comorbid population. For this latter question two
case reports suggest that b-blockers may help amelio-
rate panic symptoms in PD subjects with comorbid
MVP, but no comparison with PD without MVP
was provided.34,35 One study suggests an ameliora-
tion in MVP severity following naturalistic treatment
for PD, which was hypothesized to reduce autonomic
drive.36

According to epidemiological research data, PD is
more frequent in women than in men. The expected
starting age of PD shows a bimodal dispersion at the
age of 15�25 and 45�54, and then the prevalence
begins to decrease as the age progresses.37 In contrast,
MVP has no gender differences and almost equal distri-
bution between ages 30 and 80 years.4 Despite the dif-
ferences in the epidemiological distribution between PD
and MVP, this meta-analysis could not find a significant
effect of age on MVP risk. On the other hand, we do not
know whether any anxiety disorder other than PD/A
associated with MVP. Some studies have suggested that
the incidence of MVP may be higher in patients with
GAD24,38 and social anxiety disorder.33

Several clinical implications may arise from the
results of our meta-analysis. Firstly, MVP is one of
the major causes leading to mitral regurgitation in
developed countries.39 Secondly, there may be an
association between MVP+ and sudden cardiac
death,40 with a prevalence of MVP of 2.4% in sud-
den cardiac death victims.4 Also, arrhythmias that
could cause sudden death were significantly increased
in patients with MVP compared to healthy con-
trols.41 This highlights the need of a careful cardiac
examination in patients with PD, many of which
also suffer from MVP.
Limitations

As in any meta-analysis, our study is dependent
on the available literature. We had to remove stud-
ies which did not meet our quality criteria, but in
doing so we may have reduced our sample and
Psychosomatics 60:4, July/August 2019
introduced potential bias (although none was
observed on our statistical tests). In general, the
most important limitation of earlier studies investi-
gating the relationship between MVP and PD is that
the definitions of PD/A and of MVP are not clear.
Many of the early studies, which we excluded from
our meta-analysis, have not clearly documented the
distinction between panic attacks and PD. The stud-
ies before DSM-III-R used terms such as chronic
anxiety, anxiety neurosis, and panic attacks as psy-
chiatric diagnoses. The current diagnostic classifica-
tion considers panic attacks not as a diagnostic
entity, but as a symptom which can be observed
during the course of several anxiety and mood disor-
ders. If studies using the old nomenclature were
included in the meta-analysis, it might skew the
results. Only articles using rigorous diagnostic crite-
ria were included in our meta-analysis, which con-
tributes to homogeneity and strength of our study.
However, since the cardiac echography criteria for
diagnosing MVP have changed over time,42

although all the studies included used the best echo
criteria available, those criteria are different between
the 5 studies published before 1985 and the 9 studies
published afterward (see Table 1). Another potential
limitation is that the frequency of MVP in the
control group is relatively low, which may lead to
instability of the results by causing significant
change in the relative risk and the odds ratios.

CONCLUSIONS

We have confirmed through this meta-analysis that
MVP is more prevalent in patients with PD than in con-
trols. Clinicians treating patients with PD should be
aware of the high prevalence of MVP and of its possible
consequences. However, more studies are needed to
explore the biologic shared mechanisms between MVP
and PD/A.
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