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Background. Cardiovascular involvement in Behcets disease (BD) is reported and has variable manifestations. It is not clear
if diastolic dysfunction (DD) is increased in BD. Our objective was to evaluate the existing literature to determine if cardiac
dysfunction, particularly DD, was more prevalent in these patients. Methods. A systematic review and meta-analysis of the available
studies analyzing the echocardiographic findings in BD was conducted using a random-effects model. Mean differences were used
to calculate the effect sizes of the echocardiographic parameters of interest. Results. A total of 22 studies with 1624 subjects were
included in the analysis. Patients with BD had statistically significantly larger mean left atrial dimension (0.08, p = 0.0008),
greater aortic diameter (0.16, p = 0.02), significantly reduced ejection fraction (-1.08, p < 0.0001), significantly prolonged mitral
deceleration time (14.20, p < 0.0001), lower E/A ratio (-0.24, p = 0.05), and increased isovolumetric relaxation time (7.29,
p < 0.00001). Conclusion. DD is increased in patients with BD by the presence of several echocardiographic parameters favoring
DD as compared to controls. The meta-analysis also identified that LA dimension is increased in BD patients. EF has also been

found to be lower in BD patients. Aortic diameter was also increased in BD patients as compared to controls.

1. Introduction

Behcet’s disease (BD) is a chronic inflammatory disease. BD
is seen throughout the world and its estimated incidence
ranges from 1 per 100,000 to 70 per 100,000 depending on
the geographic region [1, 2]. It can virtually involve any organ
system. Cardiac involvement is variable and thought to occur
in the range of 7-46% [3] of patients and may cause myocar-
dial infarction, pericarditis, valve problems, aneurysms, or
congestive heart failure (CHF).

The development of CHF in BD in itself is rare and
secondary to vasculitis which leads to impaired pump func-
tion [4]. The fact that patients with BD are relatively young
without traditional risk factors and yet can develop these
potentially fatal complications merits closer scrutiny and the

need to be able to identify the precursor forms of these
manifestations.

CHEF is a well-known clinical entity which is diagnosed
by a combination of clinical criteria and measurements on
transthoracic echocardiogram (TTE). Left ventricular dias-
tolic dysfunction (DD) is an important element of CHF as
DD may present with its own signs and symptoms or may
present as a precursor to overt CHF [5]. The presence of DD
in the presence of normal ejection fraction (EF) and presence
of symptoms of heart failure is known as diastolic heart
failure or as heart failure with preserved ejection fraction [6].
The isolated presence of diastolic mechanical abnormalities
on TTE is termed DD and is characterized as one of the
stages of heart failure and a target of intervention to prevent
progressive heart failure [7].
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DD is not a rare disease entity. In the general population,
a population based study of more than two thousand research
participants reported an overall DD prevalence of 28.1% [8].
Another research paper involving over 36,000 subjects had
a DD prevalence of 65.1% with the most common form being
that of mild DD (60.0%) [9]. In the general population, DD
has been identified as an independent predictor of new onset
CHF [10]. It is also a standalone determinant of mortality
(8,9, 11].

DD is a collection of mechanical problems in the contrac-
tion and relaxation of the heart. DD has been found to occur
in association with diabetes mellitus (DM), increasing age,
coronary artery disease (CAD), hypertension (HTN), and
overweight/obesity [12]. Increased left atrial (LA) dimension
also indicates DD provided there are no concomitant rhythm
disorders [11, 13]. Diastolic dysfunction is an echocardio-
graphic diagnosis and not a clinical one.

There is recent literature to support increased cardiac
problems in other common rheumatic diseases like rheuma-
toid arthritis. One recent paper has shown increased DD in
rheumatoid arthritis [14]. The data regarding the presence
of DD in BD is controversial. Most of these studies were
of case-control design and small in size. Our objective was
to gather and analyze the available data through a meta-
analysis to compare the prevalences of CHF and DD, based on
TTE parameters, in patients with BD as compared to healthy
controls to try to answer the question of this association more
definitively.

2. Methods

2.1. Literature Search Strategy. The review was conducted
according to the recommendations of the meta-analysis of
observational studies in epidemiology (MOOSE) group [37].
A time restricted (year 1990 and onwards) and language
restricted (English) Medline search with the medical subject
heading (MESH) terms “(heart failure OR ventricular dys-
function OR atrial OR echocardiography) AND (behcet OR
behcet’s disease)” was conducted on 31 December 2013. We
also perused the bibliography of the identified studies as well
as general review articles on BD to identify any appropriate
studies that may have been not selected in the search. Unpub-
lished studies were not included. Bibliographically identified
studies were only included if they were also retrievable from
the Medline database.

A non-English language search was also performed using
the same search strategy but utilizing the language filter
properties of Medline. The goal of the non-English language
study search was to only review the abstracts and compare the
conclusions regarding echocardiographic parameters from
the abstracts.

2.2. Study Selection. The studies were independently selected
by two researchers using our predetermined search strategy.
Any differences were resolved by mutual consultation. Stud-
ies performed with the intent of evaluating cardiac function
between BD patients and controls were included. Studies
were only included if the identified patients with BD meet
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the diagnostic criteria of the international study group for
BD [38]. Only case-control studies were included as they
provided an odd-ratio estimate of study differences between
BD patients and the general population. We included only
those studies that had adjusted for or excluded patients with
preexisting cardiac conditions. This was to ensure minimal
confounding. Studies including patients with overlapping
rheumatic disorders were excluded from the study as other
rheumatic conditions are known to affect the heart and may
confound the results.

Non-English language Medline search revealed 39 stud-
ies. Of all these studies only one title merited further scrutiny;
however no abstract was available for review.

2.3. Study Quality. The Newcastle-Ottawa scale (NOS) for
case-control studies was used to assess the quality of the
included studies [39]. A higher score is indicative of better
methodological quality.

2.4. Data Collection. Data was collected pertaining to the
sociodemographic, BD related, and laboratory variables.
TTE variables included EF in percent (%), isovolumetric
relaxation time (IVRT) in millisecond (msec), and mitral
valve deceleration time (DT) in msec, transmitral early
filling peak velocity (E) in meters per second (m/sec),
transmitral late filling peak velocity (A) in m/sec, and the
E/A ratio. Other variables, where available, included left
atrial dimension (LAD) in centimeter (cm), left ventricular
end diastolic dimension (LVDD) in c¢m, left ventricular end
systolic dimension (LVSD) in c¢m, aortic diameter in cm, and
aortic distensibility in cm* x dyn. Summary estimates were
used as individual level patient data was not available.

While the comparison of EF and aortic size was fairly
straightforward, that is not the case for DD. A variety of com-
binations or single values of the aforementioned variables are
used to classify patients with DD [40]. The more supportive
the variables, the higher the likelihood of having DD. We kept
a low threshold and even if one parameter was favoring DD,
the subjects were classified as so. It is also to be noted that
DD is graded in terms of the degree of impairment into three
categories. Such information was not available to us regarding
grades of DD.

2.5. Statistical Methodology. Since individual patient infor-
mation was not available for all patients, we report weighted
means and standard deviations. Percentages and means +
standard deviations (SD) were calculated to describe the
distributions of categorical and continuous variables, respec-
tively. Student’s ¢-test for independent samples was used for
continuous variables and chi-square test for proportions.
The baseline data were analyzed using SAS version 9.3 (SAS
Institute, Cary, NC).

Review Manager, version 5.2 (Cochrane Collaboration),
was used for the statistical computations of this study.
Mean differences (MD) and their 95% confidence intervals
(95% ClIs) were calculated to determine the effect size for
each parameter measured via TTE using the random-effects
model. Heterogeneity measurements were calculated and
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(S)Eudy Behcet’s disease Control Weight Mean difference Mean difference

Total Total 9
subgroup Mean (cm) SD (cm) Mean (cm) SD (cm) (%) IV, random, 95% CI (cm) 1V, random, 95% CI (cm)
Aktiirk et al. 2012 3.11 0.37 40 3.04 0.3 30 14.5 0.07 [-0.09, 0.23] I
Bozkurt et al. 2006  2.96 0.46 54 291 0.35 50 14.6 0.05 [-0.11, 0.21] I
Gemici et al. 2000  2.79 0.34 71 2.74 0.35 55 15.9 0.05 [-0.07, 0.17] T
Girgiin et al. 2002 3.43 0.51 35 29 0.22 30 13.4 0.53 [0.34, 0.72] -
Karabag et al. 2012 2.76 0.27 38 2.73 0.28 29 15.5 0.03 [-0.10, 0.16] i
Morelli et al. 1997  3.11 0.51 30 2.75 0.3 30 12.4 0.36 [0.15, 0.57] —
Yagmur et al. 2011 3.03 0.38 32 2.95 0.31 27 13.8 0.08 [-0.10, 0.26] N
Total (95% CI) 300 251 100.0 0.16 [0.03, 0.29] ‘
Heterogeneity: 72 = 0.02; x> = 27.88,df = 6 (p < 0.0001); I* = 78% T T T 1
Test for overall effect: Z = 2.37 (p = 0.02) -1 =05 0 0.5 1

Favors Favors

[Behcet’s disease] [control]

FIGURE 1: Aortic size comparison between patients with Behcet’s disease and controls.

reported by including Cochran’s Q-statistic, the I 2 index,
and the tau-squared test. Random-effects model was used to
calculate the MD and 95% CI. This was done due to the range
of heterogeneity in the data.

3. Results

A total of 185 citations were identified based on the aforemen-
tioned search strategy. Of these, 22 were selected after abstract
review (Table 1). A total of 1624 subjects were identified
of which 913 (56%) had BD. The mean BD duration was
8.2 years. Pulse wave Doppler (PWD) technique was the
most commonly used technique to assess TTE parameters
but the newer studies used tissue Doppler imaging (TDI)
technique. Mean disease duration was 8.2 years. Mean age of
the cases was 37.7 years and that of controls was 37.3 years.
Of the cases, 60% were males and 77% of the controls were
males. No difference on the basis of smoking, DM, HTN
and hyperlipidemia, lipid values, and systolic blood pressure
(SBP) was noted. Body mass index (BMI) was statistically
significantly higher in the control population (24.8 versus
24.1kg/m?, p = 0.037). High density lipoprotein (HDL) was
significantly higher in the control population (43.5 versus
41.4mg/dL, p = 0.05) but was likely clinically insignificant
based on the small difference. Diastolic blood pressure (DBP)
was significantly higher in the cases (76.8 versus 74.8 mmHg,
p < 0.001). C-reactive-protein (CRP) was significantly higher
in the cases (18.1 versus 8.8 mg/dL, p < 0.001) as expected.

All studies had participants that were matched on the
basis of age and sex and as a general exclusion criterion;
subjects with CAD, DM, HTN, and other heart diseases were
excluded. Racial data was not available for the studies. The
average quality score was 6.4 of a maximum possible of 9 on
the NOS for the included studies. Of the 22 studies, 17 showed
some difference in TTE parameters between the two groups
while 5 showed similar indices. Table 1 gives the details of the
studies comprehensively.

Most studies (16 out of 22) reported on medications used
in DD patients. Patients on medications known to affect
the cardiac functional parameters were usually excluded.
As we performed aggregate level data meta-analysis and

no individual patient data was reported, we are unable to
comment on the effects of medication usage on DD.

Table 2 shows the main meta-analysis outcomes. Com-
parison of the E/A ratios (figure not shown) shows lower
values (—0.24, p = 0.05) in BD patients which is an indicator
of DD. As expected, aortic diameter (Figure 1) was found
to be greater (0.16cm, p = 0.02) in patients with BD
than in controls. Larger diameter predisposes to aneurysms.
Transmitral E velocity (figure not shown) was found to be
lower in BD patients (-0.03cm, p = 0.07) suggestive of
DD. IVRT (Figure 2) was increased in BD patients (7.29 m/s,
p < 0.00001) suggesting impaired cardiac relaxation and
pointing towards DD. Mitral DT was found to be statistically
significantly prolonged (14.20msec, p < 0.0001) in BD
patients (figure not shown). LAD was found to be statistically
significantly larger (0.08cm, p = 0.0008) in BD patients
(Figure 3) suggesting DD. This is also a risk factor for atrial
fibrillation [41]. EF of the left ventricle was found to be
statistically significantly reduced (-1.08%, p < 0.0001) in BD
patients (Figure 4) suggesting impaired cardiac function and
pumping ability in BD patients as compared to controls.

In terms of other echocardiographic variables, no statisti-
cally significant differences were noted between left ventric-
ular mass index, LVSD, LVDD, posterior wall thickness, and
left ventricular myocardial perfusion index. With regard to
the aortic distensibility, which measures the stiffness of the
aortic wall, while the two individual studies [23, 27] reporting
this parameter show statistically significant reduced aortic
distensibility (figure not shown), the composite outcome was
not significant due to the fact that the first study has a much
larger effect size and a higher variance than the second study.
This heterogeneity leads to a wide confidence interval for the
combined results and thus a nonsignificant value.

4. Discussion

This systematic review and meta-analysis looking at data
from 1624 subjects has clearly shown the presence of DD
indices on TTE is greater in patients with BD than with con-
trols. These indices include E wave velocity, E/A ratio, IVRT,
and mitral DT. Prolonged mitral DT and IVRT were the most



International Journal of Rheumatology

sdnoig omy
ELISIRI Vo) ) vs:ad 9007 (Apmr)
T/t/t VN . N €8 anbruyoa) 41,1, 4q 20ULIaPIp ON 2y} U22M]2q UONOUNY JT[0ISEIP X A/IX . R u
POPN[OXd SIUIIIPIW JTX0JOIPIL)) 10 o1[o35Ks T 29USISHIP ON $0T :[eI0], [92] 'Te 12 JmyZOg
. 8% :ad 9007 (A0,
SPNIX3 SIUDIPIW I[XOJOIPIL A[uo onjex uo pase syuaned (g ur 210
e/t VN Pap1[ oIp Ixojorpre) N 60'8 [ ne1y/q uo paseq Ad usljed (g Ul 0 210N X X/X ¢/ 0], [s7] ‘Te 1 streg 11
suriodsop4d x suridoryyeze a8esn aumdIpaW syuanjed H Aayan
T/T/T VN Suo ! me o H N 001 R PP : X AR MN. ad ooom (orm) 0t
[ostupaid ‘QupIYd[O) 10 AJIATIO® 3SEISIP YIIM UOTJRIOOSSE ON| ag uraow (qJ AY PUe AT ¥ :Te30]. [#2] Te 30 znaex
xoput .
T VN aA1sua)IdAynue pue spro1a)g N 001 uonejuawdne [enuad pue Aiiqsualsip  sjuaned g ur [YAJ paSuojoig X S 8:ad 900€ (323910) 6
TTIRIOL  [€2] T8 30 stpruouoy]
onaoe parredur pey syuened qg
surtodsop4o . Ko
Y X % sajefhorpes ouridoryeze N VA4 AUIdIYP[0d Jo douanyur oN sjudned (Ig Ul Pasea1ddp [dIN AT X XA or:ad 8007 (Anr) g
o ’ TLTeI0L [cT] e paeL
uojostupaid QuIdIyd[0D)
. syuared 0¢ :ad 600¢ (4m)
Tt/ VN PAPNOX3 SAUIIPIU JIXOJOIPIED) N 0TL (Il U1 XopuI A19A0091 381 1183 1OMOT sdnoi3 yyoq ur g reqrung X A/X 08 ‘[eI0L. (1] Te 10 ehey L
. AMd pue (J Yim pajeaIiod uonemp ag pm syusned 1€:ad T10T (A1)
et A PAPNIX3 SAUIPIW IIXOJOIPIL) N 0s aseasi(q ‘syuanjed (g ur M pasea1ouf ur y 198xe pue (1 210N A AIR 79 :Te30], [02Z] e 32 203 9
AUDIYD[0D swaned ag ut 1A €:ad T10T (4ox1my)
Tt VN . o N L£°S siuoned g ur qNgoad- [N pojesd[g  1oySty pue urens [eurpnyiduoy X A/K - . S
POPN[OXd SAUIIIPI JTX0JOIPIL) weaw Jo juswnredut Juoyrudig 66 ‘(830 [61] e 3o muwSeg
_ sjuaned qg Ut [dIN A ¥ :ad 10T (Aoxyrmy)
ety A VN N VN pasearout pue [JJA AT [EULION A AR 8% {[e10],  [81] T8 19 eIRUBQOD) v
suriodsop4d . syuaned (g I SaWM UONONPUOD 8¢ :ag 7102 (Aoyany,)
eee VN 3 duojostupaid QUIIYd0) N ot " {emne paguojoxd pue qq 210 A AR £9 ‘Te3o], [£1] Te 32 Seqexey €
. aand1pard syuaned g 0¥ :ad 10T (4o3my)
efere A VN N 6% 2I0M S[2AI] JYD) PUE UOHRIND 3SBASI(]  UI (J(] PUE SWN[OA '] Paseardu] A AIR 0L 810, [91] Te 32 Sy 4
syuanyed (g ur . fowin
Y drd X VN N 6'S —  uonounys£p d1j03sAS Te[NOLIUIA X S 0s:dd €10z (A4xm) 1
3 08 ‘[e30L, [s1] "Te 39 [oyepINg
JYSLT pue JJa7 [edruiPqng
puiq SUOTJEIIPIW AT (reau) $330 S)NSI IO[e]A] BLISILID et spo9(qn (dnunod) aquun
SON o UONRAPAWADY  AVD  oof o 10N MR IOfeIy BN OST oo ng M oy PN

‘s3urpuy Jofew pue $ONSLISIOBIBYD APN)S [BIQUL) :] ATAV],



International Journal of Rheumatology

‘JUSUIUTL}IdSE 2INS0dXd 10 ¢ JO N0 21008
$109[J1 YSe[S PIEMIO] PUOIIS ) I2)Je UOIIIIS [eUlf ) PUE OM] JO N0 31025 AiIqereduod 193(qns $193[J21 Yse[s pIemIo] Y} 12)Je UONIIS PU0IIS Y} ‘UONDI[IS 199(qNS I0J F JO INO 310DS S1II[JOI UONIIS ISIYY A, ,

) $9:ad 7661 (Apm)
A d d
/vy A N LS PoIpnis A[[edyrIdads jou (@ SIejowrered H I, T, UT 9dUSIJIP ON A AR el #qu,H ﬁwm_ 210 ueyZO (4
SILIOJRUWIURJUI-TIUR I9Y)0 - Surdewr aprpNUOIPET UO UIIS ¥2:ag €661 (Apmy,)
e VN x JuedardSenue ‘sproiajs QUIIYI[0D N VN INq FL,J, UT 9OUIOHIP Jofewr oN N VN/A 6€ 8107, [s¢] e 32 aunge) 4
wvm.—OumEE.ﬂw:_wﬁﬂw Jaqio . Lo
Uz VN % uedardSenue sprora)s QuodIyd[0) N 0 UOTJRINp JSLISIP 0) PAje[dI O syuanjed (g ur (1] paseaduy X XA cad V661 (4mL) 0z
v e0I,  [F€] Te 30 niSonsuroy]
"PAPN[IXa SIUIDIPIW JIXOJOIPIR))
g 1oy yooj jou prq sdnois yjoq
. ‘UOTRIND JSBASIP  UI UONOUNJ JR[NOLIJUIA [RUWLION 0¢ :agd 1661 (£1e31)
€/0/e A VN N oot M PIJeIOOSSe 1ajourer(] sjuarjed ‘syuanyed A A/X 09 [e10], [€€] T8 12 1[PION 6l
g ut £43ojoyyed renafea jueoyrudis (I U 19)oWEIP J1}I0E PISLAIOU]
autiodsopls syuaned g 87:ad 0007 (4>1n7,)
efele A 3 duojostupaid uIP[O) N om ur uorszadsip uonjezrrejodar ﬁw.wmmkuﬁ swwened qg U 4q paseau] X AIX €6 ;[e10], [z€] Te 39 LIy 81
‘PAPN[IXa SIUIDIPIW JIXOJOIPIR))
uoneINp 3SeISIP 0] pajepI ose . fovan
¢/0/c VN VN VN 96 ‘aq o3 pajefax oq Aew siyp, ‘sjuened qg syuaned g ur qq pasea1du] N A/X R.Qm ooow (foxn) Ll
* 921 :[BIOL, [1€] e 32 PIWRD
ur uorszadstp uonezrrejodar paseaouy
PaJOU OS[e I9)oWRIp d1}I0. Ja31e] sdnoxd om) usamyaq reruurs
. ) . se:ad 00T (4n)
€/0/T X VN N 08 pue uorszadsip 1,0 paseaouy sjuarjed $9TpUI [eIOUIL) “UOsLIRdUIOD X XA 91
$9 ;[er0], [0€] Te 32 undmo
aq ur 43ojoyyed remnaea jueoyrudig 10J U2AIS (J(J UO BIep ON|
sunels wﬁﬁ.—O&woﬁu%o .wﬁﬁ.—ao_ﬂthm wEOENu:&EOU .~N~SUwN>wO JaxIewx
. . . . 28:ad 700€ (99931D)
€t/t VN auojostupaid uIPED N 001 ® s 1 peSuoo1d ‘syudned Qg ur sjuaned qg ur aq 210 X X/k 10 13 SIPILIOUG S
"PopPNIXa SAUIdIPaW JIXOJOIpIe]) SIojowrerp pue sSaujIs d1)I0e paseardu] 901 *IeL ~0N_ 1239 Stpt v:
uonEINp 2SEISIP 8¢ :agd 00 (&oxrmy)
€Tt X PapPNPX? SAUDIPIW JIXOJ0IPIE) N VN {m pareppiios sispourered SiojseIq siuened ag ur aq 210 X X/k ¢ ool (82] ‘Te10 [vdol, ¥l
ad
SUDIYI[0) . ur [ e paseanut 10§ 3dooxa 97:agd €00 (&o>yrmy)
teie VN ‘PIPN[OXd SAUIIPAW IIXOJOIPIR)) N TZ suaned (g U $SAURHS I[I0E paseaIdu] sdnoi8 om) ayy usamjaq uonouny A AR 9% [e10], [£2] Te 39 ouny, £l
ST[OISBIP UT DUIIPIP ON
puq SUOTJBIIPIW JAT}D (ureau) $310 S)[NSI IO[e[A] BLISILID ‘e s300[qn (dnunod) Iaquin
+SON qLL estp oy avo 10k Og 10N il [eJN BLIILD DS Xas/38V 1o0lqng [soua13j21] JoyIny quinN

‘panunuoy) ;] A19V],



6 International Journal of Rheumatology
TABLE 2: Meta-analysis outcomes (random-effects model).
Variables Mean difference (95% CI) p Q 2, %" 7
Left atrial dimension, cm (n = 958) 0.08 (0.03, 0.12) 0.0008 11.13 0 0.00
Left ventricular mass index, gm/m* (n = 300) 3.53 (-1.08, 8.14) 0.13 0.11 0 0.00
Isovolumetric relaxation time, msec (n = 1023) 7.29 (4.86,9.72) <0.0001 18.48 35 6.64
Transmitral A wave velocity, meters/second (n = 705) 0.03 (-0.01, 0.08) 0.18 37.21 79 0.00
Transmitral E wave velocity, meters/second (n = 705) —0.03 (-0.06, 0.00) 0.07 15.04 47 0.00
E/A ratio (n = 304) —0.24 (—0.48, 0.00) 0.05 36.50 89 0.06
Mitral deceleration time, msec (n = 1023) 14.20 (7.67, 20.73) <0.0001 32.96 34 82.96
Left ventricular ejection fraction, % (n = 1280) -1.08 (-1.58, —0.58) <0.0001 15.14 0 0.00
Posterior wall, cm (n = 682) 0.00 (—0.03, 0.03) 0.81 25.01 64 0.00
Left ventricular end systolic dimension, cm (n = 742) 0.03 (-0.04, 0.10) 0.37 18.03 45 0.01
Left ventricular end diastolic dimension, cm (n = 874) —-0.02 (-0.08, 0.04) 0.46 16.31 26 0.00
BSA, m? (1 = 80) 0.12
LV MPI (n = 200) 0.04 (-0.07,0.16) 0.48 47.96 96 0.01
Aorta, cm (n = 551) 0.16 (0.03, 0.29) 0.02 27.88 78 0.02
Aortic distensibility (n = 168) —-1.23 (-3.06, 0.60) 0.19 27.69 96 1.69
Systolic blood pressure, mmHg (n = 994) 1.69 (0.16, 3.22) 0.03 14.59 1 0.92
Diastolic blood pressure, mmHg (n = 941) 1.34 (0.29, 2.39) 0.01 12.69 5 0.20
Heart rate (1 = 927) 0.68 (~0.76, 2.13) 0.35 29.14 59 2.85
Males, % (1 = 1199) 0.96 (0.87,1.06)* 0.39 416 0 0.00
Age, mean years (n = 1238) —-0.40 (-1.32, 0.53) 0.40 17.98 5 0.22
BMI, kg/m? (n = 831) ~0.27 (~0.82, 0.27) 0.32 16.32 39 0.29
Diabetes mellitus (1 = 295) 1.31 (0.42, 4.05)* 0.64 0.17 0 0.00
Hypertension (n = 373) 0.92 (0.52, 1.65)" 0.79 0.30 0 0.00
Hyperlipidemia (n = 154) 1.15 (0.50, 2.64)" 0.74 0.62 0 0.00
Smoking (n = 728) 0.97 (0.83,1.15)" 0.76 5.04 0 0.00
Low density lipoprotein, mg/dL (n = 465) -0.72 (-7.48, 6.05) 0.84 22.89 74 54.06
HDL, mg/dL (n = 433) ~0.91 (~3.38, 1.56) 0.47 13.30 55 5.44
Triglycerides, mg/dL (n = 550) ~1.35 (~10.86, 8.16) 0.78 1.79 49 72.83
Total cholesterol, mg/dL (n = 637) —0.65 (-7.16, 5.85) 0.84 13.91 42 36.40
HS-CRP, mg/dL (n = 268) 7.79 (1.89, 13.68) 0.01 10.47 71 24.27

*Risk ratio.

**Cochran’s Q-statistic for heterogeneity.
*I2 index for degree of heterogeneity.
STau-squared measure of heterogeneity.

strongly linked DD parameters on TTE in DD patients with
BD. Three more important statistically significant findings
were that of increased LA size, depressed EF, and increased
aortic dimensions in patients with BD as compared to the
controls.

The finding of depressed EF reveals the likely presence
of a pattern of pathology affecting both systolic and diastolic
parameters of the heart. N-terminal brain natriuretic peptide
has been found to be elevated in patients with BD signifying
the heart strain and elevated risk of cardiac pump problems
[42, 43]. This data provides further corroboration of the TTE
findings in our study. It must be noted that although the
EF was lower in cases as compared to controls, it was not
necessarily abnormal.

Increased aortic diameter was seen in this meta-analysis.
There are reports of aortitis [44] and inflammation involving
the root of the aorta which can lead to subsequent aneurysm
formation. Aneurysms can be a major cause of death if they

rupture. This finding stresses the importance of following up
these patients for further dilation of the aortic root and to take
prophylactic measures, if indicated.

One reason for seeing DD in otherwise asymptomatic
patients could be a result of the microvascular inflammation
that has been seen in cardiac exam and perfusion imaging
studies in BD patients [45, 46]. These may affect the hearts
mechanical properties through local inflammation and tissue
remodeling causing altered TTE indices. Coronary artery
vasculitis might also be a contributing factor to this impaired
performance through inducing micro level ischemia.

Arterial stiffness is a reliable predictor of cardiovascular
mortality and morbidity. It can be assessed by pulse wave
velocity (PVW). Central systolic and diastolic pressure can
be determined via pulse wave analysis (PWA). An important
aspect of wave analysis is wave reflection. Wave reflection
depicts the interaction of the outgoing impulse of the cardiac
pressure and the reflection from the vascular system. PVW
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Mean difference

gEUdY Behcet’s disease Total Control Weight Mean difference
subgroup Mean (m/s) SD (m/s) Mean (m/s) SD (m/s) Total (%) IV, random, 95% CI (m/s) IV, random, 95% CI (m/s)
Bozkurt et al. 2006 80.8 16.1 54 83 13.6 50 10.1 -2.20 [-7.91, 3.51] T
Yagmur et al. 2011 87.96 11.2 32 83.33 9.5 27 11.1 4.63 [-0.65,9.91] I
Tavil et al. 2008 91 19 42 85 15 30 6.8 6.00 [—1.86, 13.86] T
Baris et al. 2006 96.4 13.8 48 90.2 12.5 26 9.2 6.20 [0.01, 12.39] T
Tunc et al. 2005 99.6 20.6 26 93.2 17.8 20 4.0 6.40 [-4.72, 17.52] -
Kocetal. 2011 88 21 31 81 18 31 4.9 7.00 [-2.74, 16.74] T
Topal et al. 2005 95 17 38 88 15 35 7.4 7.00 [-0.34, 14.34] T
Karabag et al. 2012 90 23 38 82 18 29 4.8 8.00 [-1.82,17.82] T =
Komsuoglu et al. 1994 90.6 26 22 81.4 14.2 20 3.2 9.20 [-3.32,21.72] -
Ikonomidis et al. 2004 87 15 82 77 19 24 6.3 10.00 [1.73, 18.27] -
Aktiirk et al. 2012 89.87 11.48 40 79.63 7.69 30 12.9 10.24 [5.74, 14.74] T
Gemici et al. 2000 77.81 20.52 71 66.72 12.44 55 10.0 11.09 [5.29, 16.89] -
Ikonomidis et al. 2006 87 15 82 74.4 17 40 9.2 12.60 [6.41, 18.79] -
Total (95% CI) 606 417 100.0 7.29 [4.86,9.72] ‘
Heterogeneity: 72 = 6.64; y* = 18.48, df = 12 (p = 0.10); I* = 35% S e E— —
Test for overall effect: Z = 5.88 (p < 0.00001) -20 -10 0 10 20
Favors Favors
[Behcet’s disease] [control]
FIGURE 2: Isovolumetric relaxation time comparison between patients with Behcet’s disease and controls.
Study Behcet’s disease Control Weight Mean difference Mean difference
or M Total Mean (cm) SD (cm) Total o 0 9
subgroup ean (cm) SD (cm) (%) IV, random, 95% CI (cm) IV, random, 95% CI (cm)
Bozkurt et al. 2006  2.92 0.49 54 3.01 0.45 50 6.3 —-0.09 [-0.27, 0.09] N
Gemici et al. 2000 3.02 0.5 71 3.08 0.3 55 103 —0.06 [-0.20, 0.08] "
Tunc et al. 2005 3.34 0.3 26 3.33 037 20 52 0.01 [-0.19, 0.21]
Karabag et al. 2012 3.45 0.27 38 3.44 305 29 02 0.01 [-1.10, 1.12]
Kocetal. 2011 0.36 0.4 31 0.33 0.4 31 52 0.03 [-0.17, 0.23] -
Topal et al. 2005 3.3 0.5 38 3.2 0.3 35 58 0.10 [-0.09, 0.29] =
Yurdakul et al. 2013 3.69 0.24 50 3.59 0.12 30 326 0.10 [0.02, 0.18] " —
Giirgtin et al. 2002 3.4 0.37 35 33 0.35 30 6.7 0.10 [-0.08, 0.28] =
Aktiirk et al. 2012 33 0.37 40 3.16 0.23 30 103 0.14 [-0.00, 0.28] o
Yagmur et al. 2011 3.31 0.37 32 3.17 0.24 27 8.3 0.14 [-0.02, 0.30] o
Morelli et al. 1997 3.6 0.44 30 3.45 0.34 30 52 0.15 [-0.05, 0.35] =
Tavil et al. 2008 2.8 0.7 42 2.6 0.5 30 27 0.20 [-0.08, 0.48] i
Baris et al. 2006 3.6 0.7 48 34 0.8 26 1.5 0.20 [-0.17, 0.57]
Total (95% CI) 535 423 100.0 0.08 [0.03, 0.12] ‘
Heterogeneity: 2 = 0.00; ¥ = 11.13, df = 12 (p = 0.52); I* = 0% - - - -
Test for overall effect: Z = 3.36 (p = 0.0008) -0.2 -0.1 0 0.1 0.2
Favors Favors
[Behcet’s disease] [control]

FIGURE 3: Left atrial dimension comparison between patients with Behcet’s disease and controls.

is a marker of arterial stiffness. It has been found to be
elevated in patients with BD who have active disease [47].
Nitric oxide (NO) serves as a vasodilator. It is thought that
inflammation mediated endothelial dysfunction in BD con-
tributes to increased arterial stiffness. Inflammation medi-
ated release of reactive oxygen species further interferes with
NO release and also causes stiffness of cardiac myocytes
[6].

Itis well known that most of the intrinsic blood flow to the
heart occurs during diastole. This is due to the compression of
the surrounding musculature. Coronary flow reserve (CFR)
is a way to assess the microcirculation of the heart and
thereby the endothelial function. This assessment is usually
via echocardiography. It is defined as maximal coronary flow
divided by basal flow. It can be altered by epicardial pathology

and/or microvascular dysfunction. Atherosclerosis is known
to have an inflammatory component. Systemic inflammation
was thought to play a role in the reduction of CFR in psoriasis
patients without any known coronary disease [48]. Reduced
CEFR has also been found in patients with BD [49], RA [50],
and scleroderma [51] thus suggesting the underlying role of
inflammation.

The natural history of DD is not very well defined.
Studies on the common populace have shown that the
factors promoting DD progression to symptomatic stages
include ischemia, rhythm problems like atrial fibrillation,
hypertension, or hospitalization but remain unknown in 50%
of cases [52].

Data from one study of the general population revealed
that the two-year likelihood of developing systolic CHF was
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(S)trUdY Behcet’s disease Total Control Total Weight Mean difference Mean difference

subgroup Mean SD Mean SD (%) IV, random, 95% CI IV, random, 95% CI

Calguneri et al. 1993 54.75 9.2 24  60.8 5 15 1.3 -6.05[-10.52,-1.58] <———

Giirgiin et al. 2002 67.2 9.5 35 704 6.8 30 1.6 —3.20 [-7.18,0.78]

Kirimili et al. 2000 61 4 28 64 4 25 54 -3.00[-5.16,-0.84] <——=——

Morelli et al. 1997 64.7 8.6 30 67.7 47 30 2.0 —3.00 [-6.51, 0.51]

Kaya et al. 2009 68 5 30 70 6 50 4.2 —2.00 [-4.44, 0.44]

Karabag et al. 2012 66.6 5.1 38 68.1 6.1 29 3.3 —1.50 [-4.25, 1.25] 4

Gemici et al. 2000 66 5.04 71 674 494 55 8.1 —1.40 [-3.15, 0.35] .

AKktiirk et al. 2012 64.12 34 40 652 2.24 30 143  -1.08 [-2.40, 0.24] L

Tavil et al. 2008 74 6 42 75 8 30 2.2 —1.00 [-4.39, 2.39] '

Yavuz et al. 2006 67 3 21 68 2 20 10.4  -1.00 [-2.55, 0.55] o

Baris et al. 2006 64.2 3.1 48 651 28 26 13.0  —=0.90 [-2.29, 0.49] o

Yurdakul et al. 2013 634 4.24 50 6395 2.11 50 145 —0.55[-1.86, 0.76] L

Yagmur et al. 2011 64.91 4.95 32 6522 432 27 4.5 —-0.31 [-2.68, 2.06] v

Bozkurt et al. 2006 67.7 5.5 54 68 6.1 50 5.0 —0.30 [-2.54, 1.94] .

Kocetal. 2011 65 6 31 65 7 31 2.4 0.00 [-3.25, 3.25]

Topal et al. 2005 62 9 38 62 7 35 1.8 0.00 [-3.68, 3.68]

Ozkan 1992 59.9 6.7 65 59.5 53 70 6.0 0.40 [-1.65, 2.45] *

Total (95% CI) 677 603 100.0 -1.08 [-1.58, -0.58] <o

Heterogeneity: 72 = 0.00; x> = 15.14, df = 16 (p = 0.51); I* = 0% : ' ' !

Test for overall effect: Z = 4.22 (p < 0.0001) —4 -2 0 2 4

Favors Favors

[Behcet’s disease] [control]

FIGURE 4: Left ventricular ejection fraction comparison between patients with Behcet’s disease and controls.

1.9% while the likelihood of developing clinical manifesta-
tions of heart failure in patients already suffering from DD
was at 31.1% [52]. One general population report identified
that TTE parameters of DD remained steady in about 50%
of the patients, showed improvement in 21%, and based on
clinical symptoms deteriorated in 27% after observation for
over 3.6 years; and importantly improvement to a less severe
degree of DD conferred a survival benefit [11].

There were several studies which assessed the relationship
of BD duration to the presence of DD. As is theoretically
expected because of accruing damage from the inflammation
over the years as well as advancing age promoting coexisting
problems, most of these studies reported association of DD
and/or aortic diameter with longer BD duration [16, 20, 22,
28, 31,33, 34]. One study reported on the relationship between
the activity state of BD, whether disease was controlled or not,
and cardiac manifestations but no significant association was
found in that report [24].

The result of increased LA dimension is of great potential
importance, because increased LA dimension is a risk factor
for atrial fibrillation [41, 53] which in turn confers a high risk
of suffering from a stroke. LA dimensions and mechanical
problems have also been identified in other autoimmune dis-
eases pointing to a unifying final pathway in these conditions
(14, 54]. At present, there is no population level data about the
association between atrial fibrillation and BD, but this study
has certainly identified an important area for future original
research from a clinical health perspective.

Another factor of importance was the concept of elec-
tromechanical delay (EMD) identified in one of the studies
of this meta-analysis [17]. This concept basically implies that

it takes a longer time for the electrical energy generated in the
heart muscle to transform into mechanical energy which then
leads to the contraction of the heart. Increased EMD is a well-
established predictor of development of atrial fibrillation [55].
Studies have previously also shown findings of prolonged
atrial signal travelling time in BD cases which was related
to the length of their disease process [56]. The finding of
increased EMD in BD also further corroborates the potential
for increased risk of atrial arrhythmia [17]. It is believed that
the vasculitis process in BD leads to fibrosis of the cardiac and
atrial muscles which interferes with the passage of electrical
signal in the atrial musculature leading to aberrant circuit
formation [17]. Measuring EMD by TDI may be a simple and
useful way to analyze the risk of atrial fibrillation in patients
with BD.

4.1. Treatment Implications and Suggestions for Future
Research. At present there is no targeted and specific treat-
ment for DD. The focus is on the control of the risk factors
that may lead to DD and its progression to overt CHEF.
Studies are underway to determine appropriate treatment
strategies for these patients [5]. Aggressive blood pressure
control [57] may improve TTE diastolic indices [58]. It
is important for physicians managing patients with BD to
consider their higher risk of developing DD and CHF and
be more aggressive in the control of traditional risk factors if
present. However, since BD is relatively a disease of the young
and these patients may not have developed the traditional
risk factors thus their cardiac health may not be assessed.
At present, it is not clear whether these risk factors should
be more actively sought in these patients or not. Also it is
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not clear as to how to follow up these patients, especially if
asymptomatic, with echocardiograms, and if they do have
subtle findings, how to go about addressing them. These are
important areas for future research and designing of health
services. Further future studies could look at the activity of
the disease and relate it to development of cardiac problems.
Additional studies could be designed to compare BD patients
who develop cardiac complications with those who do not
and try to ascertain the determinants of the differences.

4.2. Strengths of the Study. Our analysis included mostly
subjects without any of the known medical conditions that are
risk factors for DD. All studies were of decent quality accord-
ing to the NOS scale quality and had the primary objective
planned to evaluate TTE parameters in BD. It is important
to note that most studies had excluded patients with known
cardiotoxic medications which could have confounded the
results. One strength of our data is that it has identified many
TTE parameters, rather than just one, pointing towards DD in
these patients and this lends strength to the concept that DD
is increased in BD patients. We also searched for non-English
language studies and were not able to identify any relevant
studies based on title and abstract review. We hope this search
will serve to limit the non-English language publication bias.

4.3. Limitations of the Study. Our study has some limitations.
Unknown factors can always be a source of bias and may
cause confounding. Observer bias may have contributed as
most of the papers did not mention if the TTE operator was
blinded to the case-control status of the patients. Publication
bias against negative studies could not be excluded.

In clinical practice, DD diagnosis is based on several TTE
values and not one solitary abnormality and the reliance on
only one abnormal value may have elevated the degree of
presence of DD in our paper. Also, our values do not meet any
predefined cut-oft values favoring DD but just that the TTE
indices are more inclined towards DD in BD patients and
these are statistically significant. We were unable to report on
the grade of DD as it was mostly not reported or not possible
to combine in the analysis. As we discussed earlier, the grade
of DD is important from a prognostic perspective.

We did note that our cases had slightly higher DBP values
than controls. Controls had higher HDL levels and BMI.
While BMI was higher in the control group, its average was
within the normal range and likely was not a contributing
factor to the results. And even if it were, it would likely have
only served to reduce the difference between the two groups
by increased values of the TTE measurements in the control
population. HDL level at present seems to have no robust
influence on DD. It may be argued that the higher DBP might
have confounded the results but we do not believe so due
to the fact that average DBP was within the normal range
and that SBP is the more important determinant from the
pathology and management perspective, and it was similar
in the two groups [59].

As there was a considerable amount of heterogeneity in
the papers used in the meta-analysis, we utilized random-
effects models to limit the effects of heterogeneity on

the results of our meta-analysis. This heterogeneity was a
result of different patient populations, clinical environment,
TTE performers, BD severity, and procedure of control
selection. The results of this aggregate data meta-analysis may
not be applicable to the singular patient as no individual
level data was ascertainable. Most of the data is confined
to studies from Turkey which is the country that has the
most experience with BD and thus may not be applicable
universally. We must, however, consider that BD is a disease
with geographic risk factors and is expected to be seen more
in certain areas than the others. We were also not able to
analyze the association between the degree of BD activity or
severity and the cardiac manifestations.

5. Conclusions

This meta-analysis has combined data from the all the
published studies on the topic and identified that DD is
increased in patients with BD by the presence of several
TTE parameters favoring DD as compared to controls. It
has also identified that LA dimension is increased in BD
patients. EF has also been found to be lower in BD patients.
Future longitudinal studies could follow the natural history
of cardiac function in BD patients and see the rate of natural
progression of DD to overt CHF and compare it to the trend
in the general population.
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