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Background: Recurrent Functional Chest pain (FCP) with normal coronary anatomy and no
detectable gastroenterological and respiratory causes is a common problem that sometimes
leads to excess use of medical care.

Objective: The purpose of this meta-analysis is to investigate the efficacy of antidepressant
treatments for FCP.

Settings: MEDLINE, PsycINFO, Scopus, and the Cochrane Central Register of Controlled Trials
(CENTRAL) were searched up to July 2011. Randomized controlled trials (RCTs) that tested
any type of antidepressants for FCP with normal coronary anatomy were analyzed. Diagnoses
included non-specific chest pain, noncardiac chest pain, atypical chest pain, syndrome X, or
chest pain with normal coronary anatomy.

Methods: Two authors independently extracted data. Effects were summarized using
standardized mean differences (SMDs), weighed mean differences (WMD), or odds ratio (OR)
by suitable effects model.

Results: Seven RCTs (median duration, 5 weeks; range, 3 - 16 weeks) involving 319 participants
were included. There was strong evidence for an association of antidepressants with reduction
in pain (SMD —1.26; 95% confidence interval [Cl], —2.34 to —=0.19) and psychological symptoms
(SMD -0.87; 95% Cl, —1.67 to — 0.08) as well as increased side effects (OR 0.34; 95% Cl, 0.15
to 0.78). Current analysis did not support the association of antidepressants with improved
health related quality of life (WMD 2.00; 95% Cl, — 2.54 to — 6.65).

Limitations: Demographics, co-morbidities of study participants and the amount of co-
medication were not reported, these possible sources of heterogeneity could not be examined.

Conclusions: Antidepressant medications are associated with improvements in pain and
psychological symptoms. The effects of factors including psychiatric co-morbidity, gender, age,
ethnic group, and treating period on the outcomes should be checked further.
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number of terms have been used to describe
functional chest pain (FCP) that presented
as recurrent angina-like retrosternal chest
pain with normal coronary anatomy and no detectable
gastroenterological and respiratory causes after an
adequate evaluation (1,2). These terms include non-

specificchest pain (NSCP), noncardiac chest pain (NCCP),
atypical chest pain, syndrome X, or chest pain with
normal coronary anatomy. FCP accounts for more than
50% of chest pain patients admitted to the emergency
department (3,4), 2 - 5% of all admissions to the
emergency department (2,4), and about 50% of new
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chest pain referrals to outpatient cardiac clinics (5). The
community prevalence of FCP was reported from 23%
to 33% (1,2). Patients with FCP are more likely to suffer
from coexisted mood disorder, anxiety, and neuroticism
compared to healthy controls or individuals with organic
pathology, and to report a low quality of life (6-8). FCP
has a benign long-term outcome, however, based on
its high prevalence and psychiatric co-morbidity, as well
as the significant health care and socioeconomic costs
such as repeated visits to consultants, hospitalizations,
and work absenteeism (9-11). Effective treatments for
FCP are therefore necessary for medical and economic
reasons.

Antidepressants can potentially modulate pain per-
ception. They are often used in chronic pain therapy and
have been shown to be effective in this setting (12). For
these reasons, it would be reasonable to assume a ben-
eficial effect of antidepressant drugs, such as tricyclic
antidepressants (TCAs) and selective serotonin reuptake
inhibitors (SSRIs), or psychological therapies, such as cog-
nitive behavioral therapy (CBT), on the symptoms of FCP.
The efficacy of psychological intervention has be summa-
rized in a recent meta-analysis (13), but there is no such
meta-analysis for antidepressants ever since the first ran-
domized controlled trial (RCT) on this issue in 1994 (14).

It is not clear whether antidepressant treatment is
effective on FCP-related symptoms. The methodologi-
cal quality (internal validity) and generalizability (ex-
ternal validity) of RCTs on antidepressants for FCP are
not clear as well. We therefore performed the current
meta-analysis with the hope of resolving these issues.

METHODS

Based on the QUORUM guidelines (Quality of Re-
porting of Meta-analyses) (15) and the recommenda-
tions of the Cochrane Collaboration, we performed the
current meta-analysis (16).

Data Sources and Searches

The electronic databases screened were MEDLINE
(1966 through July 2011), PsycINFO (1966 through July
2011), Scopus (1980 through July 2011), and the Co-
chrane Central Register of Controlled Trials (CENTRAL,
Issue 3 of 4, July 2011). Searches were limited to human
and performed for all languages. The keywords non-
specific chest pain, non cardiac chest pain, atypical chest
pain, syndrome X, or chest pain with normal coronary
anatomy were used in combination with antidepressant,
antidepressive gents, tricyclic antidepressant (TCA), se-
lective serotonin reuptake inhibitors (SSRIs), serotonin-

norepinephrine reuptake inhibitors (SNRIs), monoamine
oxidase inhibitors, desipramine, imipramine, trimipra-
mine, doxepin, dothiepin, nortriptyline, amitriptyline,
paroxetine, sertraline, fluoxetine, citalopram, venla-
faxine, duloxetine, milnacipran or desvenlafaxine and
randomized controlled trial or controlled clinical trial or
review. Limiting the number of reports with a filter did
not seem reasonable considering the potential number
of studies, thus we did not use a filter such as the highly
sensitive search strategy (17). Three of us (W.W., Y-H. S,
and Y-T. W) manually and independently screened refer-
ence sections of relevant original articles, reviews, and
meta-analyses (13) The supplementary material showed
the search strategy in CENTRAL as an example.

Study Selection

Studies were included according to the following
criteria: FCP defined based on the symptom and medi-
cal negative examination; RCT design with a control
group receiving pharmacological placebo; and another
group receiving antidepressants. The effect of combi-
nations of antidepressants was not found in all studies.
Corresponding authors of RCTs with incomplete data
presentation (e.g., missing means, standard deviations
of pretest and posttest data, or standard deviations of
change scores) were contacted when necessary. One
study was excluded since we were not able to obtain
missing data (18).

Data Extraction

Two of us (S-X. W., Y-Q. L.) independently screened
the titles and abstracts of potentially eligible studies.
The full text articles were examined independently by
2 of us (W.W., W.W.) to determine whether they met
the inclusion criteria. Two of us (Y-H. S., Y-Y. W.) inde-
pendently extracted data (study characteristics and re-
sults) using data extraction forms. Point estimates for
selected variables were extracted and checked by the
other 2 reviewers. All discrepancies were rechecked and
consensus was achieved by discussion. k test was used
to assess agreement between reviewers.

We selected pain and psychological symptoms as
outcome measures for FCP. Health-related quality of life
(HRQOL) was an additional outcome. When researchers
reported more than one measure for an outcome, we used
the following priority for inclusion in the meta-analysis:
1. Pain: pain intensity measured by categorical scales

or visual analogue scales (VAS), pain diaries (mean

difference in pain scores or recorded frequency of
exacerbation of pain).
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2. Psychological symptoms: Beck Depression Inventory
(BDI), Hamilton Depression Rating Scale (HAMD) and
Hamilton Anxiety Rating Scale (HAMA), Hospital
Anxiety and Depression Scale (HADS), Clinical Global
Impression Improvement (CGI-l) or severity (CGI-S)
scales, and general health questionnaire.

3. HRQOL: The MQOS 36-Item Short-Form Health Survey
(SF-36).

The Jadad test (5 items) (19) was applied for assess-
ing methodological quality as high (score 5), moderate

(score 4), or low (scores 1 - 3).

Data Synthesis and Analysis

Intention-to-treat data were analyzed whenever
available. Nonparametric tests (Mann-Whitney test, Krus-
kal-Wallis test) were used for comparing continuous vari-
ables. A 2-sided P value of .05 or lower was considered
significant. Meta-analyses were conducted using Rev-Man
analyses software (RevMan 5.0.25) according to Cochrane
Handbook for Systematic Reviews of Interventions (20).

For all included studies, the main outcome of FCP was
scored according to the patients pain diary or VAS, some
also reported the chest pain frequency (14) (Table 1). Be-

Table 1. Main Study Characteristics.

Study Population Treatment Group
Female Age, Mean " Placebo group Method Outcome
4 i Random- . i
Source Sex{ (range) ExFlus.lon el Completed, | Duration Completed Completed, Quality, | Measures
(country) White Criteria © No./ Treatment, ompleted, o Jadad Used for
0 y Screen, - N > No./ total (%) | No-/total (%) - i
race, % N (%) total (%) design Score Meta-analysis
0,
Tricyclic antidepressants: Imipramine
Cannon et 66.7/NR | 50%(29 SSD, NR 40/40 (100) | 3wk, 20/20 (100) 20/20 (100) 4 PAIN diary,
al, 1994 -72) CVD, HBP imipramine Pain VAS
(USA) 25 to 50 mg/d,
parallel
Coxet 100/NR | 53* (35 CVD,CCM | 18/27 (66.7) | 18/18 (100) | 5wks, 15/18(83.3) | 18/18(100) |4 Pain diary;
al,1998 -72) imipramine, Nottingham
(UK) 50 mg/d, Health Profile
crossover questionnaire
Selective Serotonin Reuptake Inhibitors: Paroxetine
Doraiswamy | 42/80 53.3(18 CCM, PD, 50/66 (75.8) | 43/50 (86) 8wks, 22/27 (81.5) 21/23 (91.3) 5 Pain VAS,
et al, 2006 - 85) MD,SA, Paroxetine 10- CGI
(USA) SR 50 mg (median
30, range 5-50
mg) /daily,
parallel
Spinhoven 47.8/NR | 55.9(NR) CVD, Not 95/474 35/46 (76.1) | 16 wks, 16/23 (69.6) 19/23 (82.6) 5 Pain VAS,
etal, 2010 fluentin (20.0) paroxetine 10- HADS
(Dutch) Dutch, CCM, 40 mg/daily,
mental parallel
disorders
Selective Serotonin Reuptake Inhibitors: Sertaline
Varia et al, NR/NR NR PA, MD, 30/34 (88.2) | 25/30(83.3) | 8 wks, 14/15 (93.3) 11/15(73.3) 5 Pain VAS,
2000 (18-85) SA, SSD, sertaline 50 to BDI,
(USA) sensitivity 200 mg daily, SF-36
to sertraline parallel
Selective Serotonin Reuptake Inhibitors: Fluoxetine
Zhengetal, | 51.9/0 60(NR) | CVD,SSDS | 123/NR 81/81 (100) | 4 wks, 41/41 (100) | 40/40 (100) |5 PainVAS,
2006 Hospital Sensitivity fluoxetine HAMA,
(China) based to fluoxetin, 20 mg daily, HAMD
PME parallel
schizophrenia
Serotonin and Noradrenaline Reuptake Inhibitors: Venlafaxine
Leeetal, 12/NR 235(20-29) | SSD, mental | 50/110 43/50 (86) 4 wks, 75 mg 22/25 (88) 21/25 (84) 5 Pain VAS,
2010 Checked disorders, (45.5) venlafaxine ER BDI,
(South samplesize | APN 75 mg daily, SF-36
Korea) crossover
Abbreviations: APN, Autonomic or Peripheral Neuropathy; BDI, Beck Depression Inventory; CCM, Concomitant medications; CGI, Clinical Global Impression; CVD,
Cardiovascular Disease; HADS, Hospital Anxiety and Depression Scale; HAMA, and Hamilton Anxiety Rating Scale; HAMD, Hamilton Depression Rating Scale; HBE, High
Blood Pressure; MD, Major Depression; PD, Panic Disorder; PME Pregnancy or Milk Feeding, SA, Substance Abuse; SF-36, The MOS 36-Item Short-Form Health Survey; SR,
suicide Risk; SSD: severe somatic disease; NR, not rated; VAS, Visual Analogue Scales; * indicates median value.
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cause most outcomes were presented as continuous data
(mean value or mean changes), we used either the weight-
ed mean differences (WMDs) or the standardized mean dif-
ference (SMDs) as effect measures. WMDs were calculated
for HRQOL outcome because they were measured in differ-
ent trials on the same scale, SF-36. SMDs were calculated
for pain and psychological symptoms outcomes because
they were determined in different trials using different
scales. Odds ratio (OR) was used in evaluating the antide-
pressants related side effects. To calculate WMDs or SMDs,
we used means and change scores and their standard de-
viations. When these values were showed in a graph man-
ner without any description of absolute value, we first tried
to contact with the authors. Measurements from the graph
were used if we could not get data from the authors. When
only the standard error was reported, it was converted into
standard deviation (20).

12 statistics were used to measure heterogeneity of
the RCTs. If the |2 value was less than 50%, a fixed-ef-
fects meta-analysis was applied. If the I? value was 50%
or more, the random-effects meta-analysis was used
(20). We used Cohen categories (21) to evaluate the
magnitude of the effect size, calculated by WMD, SMD,
or OR, and designated a D greater than 0.2 through
0.5 as a small effect size, a D greater than 0.5 up to 0.8
as a medium effect size, and a D greater than 0.8 as
a large effect size. We used the following descriptors
to classify meta-analysis results (22): “strong” indicated
consistent findings in multiple (at least 2) high- or mod-
erate-quality RCTs; “moderate” indicated consistent
findings in multiple low-quality RCTs or one high- or
moderate-quality RCT, “limited” indicated one low-
quality RCT; and “conflicting” indicated inconsistent
findings among multiple RCTs.

A sensitivity analysis was conducted to determine
whether different classes of antidepressants (TCA, SS-
Rls, and SNRIs) influenced the results by calculating the
effect sizes of the outcomes assessed for each class of
antidepressants.

Visual assessment of the funnel plot calculated
by RevMan Analyses software was used to investigate
the potential publication bias (i.e., the association of
publication probability with the statistical significance
of study results). Publication bias may lead to asym-
metrical funnel plots (23). Furthermore, we tested the
sensitivity of our results to potential unpublished stud-
ies using a file-drawer test for meta-analysis. This test
determines how many negative studies with an effect
size of D = 0.01 would be needed to negate our find-
ings (fail-safe number) according to a revised version

of Rosenthal method (24) by Orwin (25). If the fail-safe
number exceeds the file-drawer number, the results of
the meta-analysis can be regarded as robust against po-
tential reporting bias (24,25). The file-drawer number
is calculated as 5k + 10; where k is the number of study
groups in the meta-analysis (24).

REesuLTs

Study Selection

The literature search yielded 249 citations. Initially,
56 publications met our inclusion criteria. The exclud-
ed 193 publications contained duplicate publications
that reported no more new data, and publications not
about FCP. Duplicate publications were excluded after
we confirmed that no new data had been added. On
more detailed review, an additional 45 papers were
excluded for the following reasons: comments, case
reports, reviews, editorials and papers without antide-
pressant treatment groups. Three more publications
were further excluded because of lacking of placebo
control (26), reporting no major outcome data for this
meta-analysis (27), and one without detailed data from
the communication with authors (18). The remaining
7 studies from 8 publications met our selection criteria
and were included in the meta-analysis (14,28-34) (Fig
1). The inter-rater reliability for this assessment was «
= 0.96.

Meta-analyses

The effect sizes for all antidepressants are shown in
Figs 2, 3, and 4. Based on Cohen categories for evaluat-
ing the magnitude of effect sizes, there was strong evi-
dence for a reduction of pain (Fig. 5, SMD, -1.26; 95%
Cl, =2.43 to -0.13; P = 0.02), psychological symptoms
(Fig. 2, SMD, -0.87; 95% Cl, -1.67 to -0.08; P = 0.03).
But improvements in HRQOL was not supported (Fig. 3,
WMD, 2.00; 95% Cl, —2.54 to 6.54; P = 0.39).

Table 2 gives a comparison of the effect sizes of
each antidepressant class. There was strong evidence
for the efficacy of the TCA imipramine in reducing pain
(SMD, -0.81; 95% Cl, —1.28 to -0.34; P = 0.0007), but
not for psychological symptoms (SMD, -0.69; 95% Cl,
-1.36 to -0.01; P = 0.05). The data for the effect of TCA
imipramine on HRQOL was not available in the selected
studies.

There was strong evidence for the efficacy of the
SSRIs in improving psychological symptoms (SMD, -1.15;
95% Cl, —2.22 to 0.09; P = 0.03), but not in reducing
pain (SMD, -1.27; 95% Cl, -3.16 to 0.63; P = 0. 19) and
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249 potentially relevant publications identified

193 Excluded
178 Not about FCP
15 Duplicated publications

i

56 publications retrieved for more detailed evaluation

45 Exclude
29 Comments, case reports, reviews
1 Editorial
15 Not about antidepressants

11 publications retrieved for more detailed evaluation

3 Excluded
1 Lackof detailed data
1 No major outcome data
1 Lackof placebo control

8 publications included in the meta-analysis

Fig. 1. Study selection. FCP indicates functional chest pain.

Experimental Control Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI
Cox 1998 0 148 18 1137 18 165% —
Doraiswamy 2006  1.864 1.08 22 2604 151 21 16.8% —
Lee 2010 953 338 22 936 339 21 169% -
Spinhoven 2010 46 3 23 71 28 23 169% ——
Varia 2000 607 373 15 7.8 373 15 162% —T
Zheng 2006 94 4 # 21 44 40 168% T
Total (95% CI) 141 138 100.0% -
Heterogeneity. Tau*= 0.88; Chi*= 47.14,df=5 (P < 0.00001); F=89% F—% o : Py
Testfor overall effect: 2= 2.15(P = 0.03) Antidepressant Placebo

Std. Mean Difference

IV, Random, 95% CI
-0.69 [-1.36,-0.01]
-0.56 [-1.17, 0.05]
0.05 [-0.55, 0.65]

-0.85 [-1.45,-0.24]
-0.45[-1.18,0.27]
-2.731-3.35,-212)

-0.87 [1.67, -0.08]

Fig. 2. Effects of antidepressants in F'CP for the outcome psychological symptoms.

Experimental Control
Mean SD_Total Mean SD_Total Weight

Mean Difference
Study or Subgrou|

Mean Difference
IV, Fixed, 95% Cl

1V, Fixed, 95% CI

Lee 2010 43.9 86 22 43 93 21 T.7% —
Varia 2000 66.93 11.93 15 6213 11.93 15 28.3%
Total {95% CI) 37 36 100.0%

L L I
t

0.90 [-4.46, 6.26)
4.80[3.74,13.34)

2.00[-2.54, 6.54]

Heterogeneity: Chi*= 0.57, df =1 (P = 0.45); F= 0% T 5 0 & 1
Test for overall effect Z= 0.86 (P = 0.39) Antidepressant Placeho

Fig. 3. Effects of antidepressants in FCP for the outcome Health- Related Quality of Life.
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Testfor overall effect: Z= 2.54 (P = 0.01)

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cannon 1994 5 20 9 20 34.2% 0.41[0.11,1.56] —
Cox 1998 2 18 10 18 451% 010([0.02,057] — @ —
Spinhoven 2010 20 23 20 23 13.2% 1.00[0.18, 5.56) S
Zheng 2006 40 41 40 40 7.4% 0.33[0.01,8.43]
Total (95% CI) 102 101 100.0%  0.34 [0.15,0.78] -
Total events 67 79
Heterogeneity: Chi*= 2.49, df = 3 (P = 0.32); F= 14% :0 o 051 ; 110 100:

Antidepressant Placebo

Fig. 4. Effects of antidepressants in FCP for the outcome side effects.

Placebo
Mean

Antidepressant
Study or Subyrou Mean SD Total

1.1.1 Mean change

Daoraiswamy 2006 -12.54 15.06 22 -1418 192 21
Cannon 1994 -52 25 20 -1 86 20
Subtotal (95% CI) 42 M
Heterogeneity: Tau®= 0.29; Chi*= 3.86, df=1 (P = 0.05), F= 74%
Testfor overall effect Z=0.77 (P = 0.44)

1.1.2 mean

Zheng 2006 2 14 4 82 12 40
Varia 2000 147 321 15 296 3.21 15
Spinhoven 2010 22 193 23 238 179 23
Lee 2010 36.5 207 22 782 162 21
Cox 1998 11 14.07 18 21 889 18
Subtotal (95% CI) 119 17

Heterogeneity: Tau®= 2.80; Chi*= 88.98, df= 4 (P < 0.00001); F= 96%
Testfor overall effect Z=2.13 (P =0.03)

Total (95% CI) 161
Heterogeneity: Tau®= 2.00; Chi*= 105.32, df= & (P < 0.00001); F= 94%
Testfor overall effect: Z=2.28 (P =0.02)

SD_Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

14.5%
14.4%
28.9%

13.9%
14.2%
14.6%
14.1%
14.3%
71.1%

158 100.0%

-+ 0.09 [-0.50, 0.69)
] -0.79[1.44,-0.14)
J -0.34[-1.20, 0.53]

-4.71 [-5.57,-3.84]
I -0.45[-1.18,0.27]
T -0.10[-0.67, 0.48]
-2.20[-2.97,-1.42)
-0.83[1.52,-0.15)
-1.64 [-3.14, -0.13]

-1.26 [-2.34, -0.18]

—
>

4 2 0 2 4
Antidepressant Placebo

Fig. 5. Effects of antidepressants in F'CP for the outcome pain as measured with pain diary or VAS scoring system.

improving HRQOL (WMD, 4.80; 95% Cl, —3.74 to 13.34;
P=0.27).

There was strong evidence for the efficacy of the
SNRIs venlafaxine in reducing pain (SMD, -2.20; 95%
Cl, —=2.97 to - 1.42; P < 0.00001) and improving HRQOL
(WMD, 0.74; 95% Cl, —4.46 to 6.26; P = 0.03) but not im-
proving psychological symptoms (WMD, 0.05; 95% Cl,
-0.55 to 0.65; P = 0.87).

We noticed that the study from China showed a
very big effect favoring the treatment for both pain
and psychological outcomes (28). It is possible that if
that study is ruled out, the significant difference be-
tween treatment and placebo will disappear. To check
this possibility, we performed meta-analysis without
including this study. A strong (4 out of 6 studies gave

the similar tendency, P = 0.02) association of antide-
pressants with reduction in pain (SMD, -0.69; 95% Cl,
-1.30 to -0.09) was observed (Fig. 6). A strong (4 out of
5 studies gave the similar tendency, P = 0.001) associa-
tion of antidepressants with reduction in psychological
symptoms (SMD, -0.46; 95% Cl, —-0.75 to -0.18) (Fig. 7)
was observed.

Adverse events with antidepressant therapy
Six studies reported adverse events data (14,28,30-
32,34), but only 4 provided the total number of side
effects with antidepressants compared to placebo in
a total of 203 patients (14,28,31,34). Thirty-five of 102
(34.3%) patients assigned to antidepressants reported
adverse events compared to 22 of 101 (21.8%) allocat-
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Table 2. Sensitivity analysis: Effect sizes of the different classes of antidepressanis on the outcome Variables

Outcome No. of Patients taking Statistical Effect size Test of over effect
studies | antidepressants No. Method (95% CI) P value
Tricyclic antidepressants
Pain 2 38 SMD (Random) -0.81 (-1.28 - -0.34) 0.0007
Psychological symptomes 1 18 WMD (Fixed) -0.69 (-1.36 - -0.01) 0.05
HRQOL 0 NA NA NA NA
Side effects 2 38 OR (Fixed) 0.23 (0.08 - 0.65) 0.005
Selective Serotonin Reuptake Inhibitors
Pain 4 101 SMD (Random) -1.27 (-3.16 - 0.63) 0.19
Psychological symptomes 4 101 SMD (Random) -1.15(-2.22 - 0.09) 0.03
HRQOL 1 15 WMD (Fixed) 480 (-3.74 - 13.34) 027
Side effects 2 64 OR (Fixed) 0.76 (0.17 - 3.33) 0.72
Serotonin and Noradrenaline Reuptake Inhibitors
Pain 1 22 WMD (Fixed) 220 (-2.97 - 1.42) <0.00001
Psychological symptomes 1 22 WMD (Fixed) 0.05 (-0.55 - 0.65) 0.87
HRQOL 1 2 WMD (Fixed) 0.74 (-4.46 - 6.26) 0.03
Side effects 0 NA NA NA NA

weighted mean difference.

Abbreviations: CI, confidence interval; HRQOL, health-related quality of life; NA, not assessed; SMD, standardized mean difference; WMD,

hea

Antidepressant

Placebo

) (roup
Mean change

111

Cannon 1994 -52 25 20 -1 86 20
Doraiswarmy 2006 -1254 15.06 22 1418 182 21
Subtotal {95% CI) 42 41

Heterogeneity. Tau®= 029, Chi*= 3.86, df=1 (P=0.08), F=74%
Test for overall effect Z= 0.77 (P = 0.44)

1.1.2 mean

Cox 19598

Lee 2010
Spinhoven 2010
aria 2000
Zheng 2006
Subtotal {95% CI)

Total (95% CI)

"
36.5
209
1.47

2

14.07 18 21 889
207 22 782 162
19.4 23 235 185
an 15 296 3.1

1.4 41 82 12
78

120

18
21
23
15
40
7

118 100.0%
Heterogeneity. Tau®= 0.45, Chi*= 25.02, df= 5 (P = 0.0001), F= 80%
Test for overall effect Z= 2.25 (P = 0.02)

16.9% -0.791.44,-0.14]
17.4% 0.09 [-0.50, 0.69]
34.3% -0.34 [-1.20, 0.53]
16.5% -0.831.52,-0.15)
156% -2.20-2.97,-1.42)
17.6% =013 -0.71,0.44)
16.1% -0.4511.18,027]
0.0% -4.71[-5.57,-3.84)
65.7% -0.88 [-1.73, -0.03]

Heterogeneity: Tau®= 0.63; Chi®= 18.53, df= 3 (P=0.0003); F= 84%
Test for overall effect Z= 2.03 (P = 0.04)

-0.69 [-1.30, -0.09]

L 4

4 2 0 2 4

Anfidepressant Placebo

Fig. 6. Effects of antidepressants in F'CP for the outcome pain as measured with pain diary or VAS scoring system (Zheng et al.,

Testfor overall effect Z= 318 (P = 0.001)

study is excluded).

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subyrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cox 1998 0D 148 18 1137 18 17.8% -0.69 [-1,36,-0.01) -
Doraiswarny 2006 1,864 1.08 22 2604 151 211 NT% -0.56 [-1.17,0,05) -
Lee 2010 953 338 22 936 339 21 226% 0.05 [-0.55, 0.65) -
Spinhoven 2010 47 3 23 7033 23 226% -0.72[1.31,-013] —*
Yaria 2000 607 373 15 7.8 373 15 154% -0.45[1.18,0.27) —
Zheng 2006 9.4 4 41 21 44 40 0.0% -2.73[3.35,-212)
Total (95% CI) 100 98 100.0% -0.46 [-0.75, -0.18] L 4
Heterogeneity: Tau®= 0.00; Chi*= 4,02, df= 4 (P = 0.40), F= 0% 54 }2 6 4{
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Antidepressant Placebo

Fig. 7. Effects of antidepressants in F'CP for the outcome psychological symptoms (Zheng et al., study is excluded).
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ed to placebo. Strong evidence was obtained for the
antidepressants with increased side effects (OR, 0.34;
95% Cl, 0.15 to 0.78, P = 0.01) with no heterogeneity
detected between studies (12 = 14%, P = 0.32) (Fig. 4).
There were no serious adverse events, the most com-
mon reported by patients allocated to antidepressant
therapy were drowsiness and fatigue.

Sensitivity analysis revealed strong evidence for
the association of TCAs with increased side effects (OR,
0.23; 95% Cl, 0.08 to 0.65, P = 0.005). But no significant
association between SSRIs and increased side effects
can be identified (OR, 0.76; 95% Cl, 0.17 to 3.33, P =
0.72).

We noticed that one study from UK showed a very
big effect favoring the placebo for side effects (34). It
is possible that if that study is ruled out, the significant
difference between treatment and placebo will disap-
pear. There is no obvious association (P = 0.22) of anti-
depressants with side effects if this was excluded (OR,
0.54; 95% Cl, 0.20 to 1.45) (Fig. 8).

Validity Analysis

Characteristics of included studies are presented in
supplementary Table 2. Inter-rater reliability for charac-
teristics shown in Table 2 was « =0.91.

Only one study had a multicenter design. The other
6 had a single-center design. Five studies used a parallel
design and 2 used a crossover design. TCAs (imipramine)
were investigated in 2 studies. SSRIs were investigated
in 4 studies (paroxetine in 2, sertaline in one and fluox-
etine in one) and SNRIs (venlafaxine) were studied in
one RCT. All the RCTs had only one intervention group
and one placebo group.

The median duration of the RCTs was 5 weeks
(range, 3 - 16 weeks). Outcomes were assessed at the
end of the treatment. No study measured outcomes
at an additional follow-up visit after treatment cessa-
tion. Serum antidepressant levels were not measured

in any RCTs to assess patients’ adherence. One RCT al-
lowed additional therapy with estrogen replacement,
thyroid hormone replacement or insulin (14) and an-
other allowed additional therapy with regular anti-
anginal medication (34). Additional therapies were not
reported in the other 5 RCTs (28-32). No study provided
detailed information about nonpharmacological thera-
pies or controlled for nonpharmacological therapies.

Only one study performed a power analysis to en-
sure an adequate sample size (31). Five studies had a
Jadad score of 5, 2 had a Jadad score of 4. Inter-rater
reliability for this assessment was k = 0.91.

Significant heterogeneity was found among the
analyzed RCTs in outcome measures for pain and psy-
chological symptoms. The large ranges of the 95% Cli
in outcome measure of pain and psychological symp-
toms are also indicative of marked variations among
the studies.

Three studies were performed in the United States,
2 were performed in Europe (UK and Netherlands),
one was performed in China and one was performed
in South Korea. Six studies were outpatient based and
one was performed in hospital patients. Patients were
recruited from cardiology departments in 3 studies and
from research centers in one study. Three publications
did not report the recruitment setting.

All studies excluded patients with severe somatic
diseases. Four excluded patients with severe mental dis-
orders, one included FCP patients with major depres-
sion diagnosis, and 2 did not describe the comorbid-
ity with mental disorders, one included only a specific
age category (20 - 29 years). A total of 300 individu-
als completed treatment, of them, 150 were receiving
antidepressants. The median percentages of patients
completing the trials were 88.0% for participants ran-
domized to antidepressants and 91.3% for participants
randomized to placebo (P = 0.582). One study did not
report the average age of patients. The median age of

Test for overall effect: £=1.22 (P=0.22)

Experimental Control Odds Ratio Odds Ratio
Stuchy or Subgrou Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fized, 95% CI
Cannon 1994 ] 20 ] 20 62.4% 0.41[0.11,1.56] I
Cox 1998 2 18 10 18 0.0% 0.10[0.02, 0.57)
Spinhoven 2010 20 23 20 23 241%  1.00[0.18,5.56] ——
Zheng 2006 40 41 40 40 135% 0.33[0.01,8.43)
Total (95% Cl) 84 83 100.0% 0.54 [0.20, 1.45] "‘
Total events 65 69
Heterogeneity: Chi*= 0.75, df= 2 (P = 0.69); F= 0% :n o1 0?1 1:0 1nn:

Antidepressant Placebo

Fig. 8. Effects of antidepressants in F'CP for the outcome side effects (Cox et al., study is excluded).
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participants (calculated based on individual study) from
the other 6 studies was 53.2 years. One study included
only women, 6 included both men and women, and 5
specified the percentage of women. The median per-
centage of women in all studies was 49.9%. One study
reported the participants’ race of 80% for white. FCP
was defined in 6 studies according to symptom and
medical negative examination. One study defined FCP
according to Rome Il criteria for FCP (a normal upper
endoscopy, pH testing, and esophageal manometry).
No study provided data on nonpsychiatric comorbidi-
ties. One study included FCP patients with comorbidity
of major depression and another did not provide data
on the prevalence of major depressive disorders.

Publication Bias

Visual assessing of forest plots for subgroup anal-
ysis revealed an asymmetric distribution suggesting
publication bias. To look into more details on the pos-
sible effect of this publication bias on our result, we
performed file-drawer test. The fail-safe number with a
D = 0.01 as the selected criterion value to “nullify” the
average effect on pain was n = 868; on psychological
symptoms, n = 510, and on side effects, n = 1,164. Thus
the fail-safe numbers were larger than the Rosenthal
rule of thumb (24) of n = 45 for pain, n = 40 for psy-
chological symptoms, and n = 30 for side effects. These
results indicate that a publication bias is unlikely to
change the overall results of this meta-analysis.

Discussion

The primary aim of this meta-analysis was to de-
termine the efficacy of antidepressants for treatment
of FCP. We found strong evidence for the efficacy of
antidepressants in reducing pain and psychological
symptoms but against a favorable effect of antidepres-
sants on health related quality of life. The association
between antidepressant treatments and side effects is
not clear.

We found large effect sizes of TCAs for reducing
pain and large effect sizes of SSRIs for reducing psycho-
logical symptoms. Conclusions regarding the efficacy
of SNRI on outcomes were limited because of only one
study with a small sample size. Small sample sizes also
limited conclusions regarding the efficacy of individual
antidepressants on outcomes.

Doses of TCAs used in the studies, between 25 and
50 mg per day, were typical for pain treatment but far
below the doses of TCAs necessary for an antidepres-
sant benefit. This likely explains the positive association

of TCAs for reducing pain in the absence of a benefit
for depressive symptoms. Doses of SSRIs and SNRIs were
equal to those used for treating affective disorders thus
may explain the positive association of SSRIs and SNRIs
on improving psychological symptoms.

The internal validity of the RCTs analyzed was lim-
ited for the following reasons. First, serum antidepres-
sant levels were not measured in any RCTs to assess
patients’ adherence. Second, no study controlled for
consumption, dose, or adverse effects of concomitant
analgesic medications. The influence of this co-medi-
cation on study outcomes is unclear. Third, 4 out of 7
studies used a single-blind, placebo lead-in phase rang-
ing from one to 5 weeks. Medication adverse effects
indicating the presence of an active drug may have bi-
ased those trials withouta leading-in phase than those
with. Finally, some studies did not report the results of
all outcomes that have been assessed.

The external validity of the RCTs analyzed was limited
by the following facts. First, the short duration of most
studies and the lack of follow-up after treatment cessa-
tion leave the questions unanswered whether antidepres-
sants have long-term beneficial effects on FCP symptoms
and the optimal treatment duration. One excluded study
demonstrated an advantage of low dose TCAs regarding
FCP symptoms over an average of 2.6 years (26). Second,
despite evidence of a higher prevalence of mental disor-
ders in FCP (6-8), only 4 studies performed a standardized
psychiatric interview. No study performed subgroup anal-
yses among participants with vs without major depressive
disorder. Third, no definitive statements are possible on
the efficacy of antidepressants in men, nonwhite individ-
uals, patients older than 75 years, and children because
these subgroups were not analyzed, with the exception
of one study with imipramine: no significant difference
in outcome measure of pain was observed in men and
women (14). Finally, since most studies excluded patients
with severe somatic diseases, it is unknown whether anti-
depressants are effective in these patients with FCP.

This review has limitations. First, since demograph-
ics and comorbidities of study participants and the
amount of comedication were not reported, these pos-
sible sources of heterogeneity could not be examined.
Second, we sought to identify unpublished studies but
could not retrieve original insignificant data of one
unpublished study (18). Third, there are limitations of
some methods used in this article, such as using 12 for
assessing the amount of heterogeneity in random-ef-
fects meta-analysis (35) and fail-safe numbers (36) for
excluding a publication bias.
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ConcLusion

Short-term usage of imipramine (for all the ages)
and venlafaxine (for young adults of 20 to 29 years
old) can be considered for the treatment of pain in
FCP. This recommendation is based on the number of
patients studied (imipramine) and on the effect sizes
(venlafaxine). But this analysis also suggested that TCAs
may have a higher risk of increased side effects than SS-
Rls. Before initiating treatment, concomitant diseases
related to potential adverse effects of the drugs and
patients’ preferences should be considered. Goals of
pharmacological therapy should be defined (no cure,
but possible symptom reduction). Since evidence for a
long-term effect of antidepressants in FCP is still lack-
ing, their effects should be reevaluated at regular in-
tervals to determine whether the benefits outweigh
adverse effects.

Since the merits of all studied RCTs in the current
analysis were weakened by the unreported demo-
graphics and comorbidities of study participants and
the amount of co-medication, more high quality and
more strictly controlled clinical trials are required. Stud-
ies of longer duration than those currently available
are needed to investigate the long-term efficacy of
antidepressant therapy for FCP. It is currently unknown
whether the benefits of antidepressants for treatment
of FCP persist after cessation of therapy. It is also un-
known whether antidepressants reduce FCP-related
costs. The identification of patient characteristics asso-
ciated with positive and negative therapeutic outcomes
are needed to better target antidepressant therapy for
FCP. Future studies of the effects of antidepressants on
FCP should include patients with somatic and mental
comorbidities and fully report all patient characteristics
and outcomes assessed.

ACKNOWLEDGMENTS

Author Contributions
Wen had full access to all of the data in the study and

takes responsibility for the integrity of the data and the

accuracy of the data analysis.

Study concept and design: Sheng-Xi Wu, Yun-Qing Sun,
Wen Wang.

Acquisition of data: Wen Wang, Yong-Hai Sun, Ya-Yun
Wang, Yu-Tong Wang, Wei Wang.

Analysis and interpretation of data: Sheng-Xi Wu, Yun-
Qing Sun, Ya-Yun Wang, Wei Wang, Wen Wang.

Drafting the manuscript: WenWang.

Critical revision of the manuscript for important
intellectual content: Sheng-Xi Wu, Yun-Qing Li.
Statistical analysis: Wen Wang, Ya-Yun Wang, Yong-Hai

Sun, Yu-Tong Wang.
Obtained funding: Sheng-Xi Wu, Yun-Qing Li, Wen Wang.
Administrative, technical, or material support: Wei Wang.
Study supervision: Sheng-Xi Wu, Yun-Qing Li.

Competing interest statement

All authors have completed the Unified Compet-
ing Interest form and declare: no financial relationships
with any organizations that might have an interest in
the submitted work in the previous 3 years, no other
relationships or activities that could appear to have in-
fluenced the submitted work.

ACKNOWLEDGEMENT

The study was supported by grants from the Natural
Science Fundation of China (Nos 81171052, 31070976,
30971123, 31010103909) and intramural funds of the
Fourth Military Medical University (China). This manu-
script received editing service from YouthMed Science
and Technology Limited Company.

REFERENCES

1.

Eslick GD, Coulshed DS, Talley NJ. Re-
view article: The burden of illness of
non-cardiac chest pain. Aliment Pharma-
col Ther 2002; 16:1217-1223.

Eslick GD, Fass R. Noncardiac chest
pain: Evaluation and treatment. Gastro-
enterol Clin North Am 2003; 32:531-552.

Bruyninckx R, Delooz H. Chest pain in
the emergency department: The broad
spectrum of causes. Eur ] Emerg Med
2002; 9:25-30.

Mayou RA, Bryant BM, Sanders D, Bass
C, Klimes |, Forfar C. A controlled trial
of cognitive behavioural therapy for non-
cardiac chest pain. Psychol Med 1997;

Carter CS, Maddock RJ. Chest pain in
generalized anxiety disorder. Int ] Psychi-
atry Med 1992; 22:291-298.

Bass C, Wade C Chest pain with normal

coronary arteries: A comparative study
of psychiatric and social morbidity. Psy-
chol Med 1984; 14:51-61.

Katon W, Hall ML, Russo J, Cormier L,
Hollifield M, Vitaliano PP, Beitman BD
Chest pain: Relationship of psychiat-
ric illness to coronary arteriographic re-
sults. Am ] Med 1988; 84:1-9.
Williams JF, Sontag SJ, Schnell T, Leya J.
Non-cardiac chest pain: The long-term
natural history and comparison with
gastroesophageal reflux disease. Am ]
Gastroenterol 2009; 104:2145-2152.

3. Capewell S, McMurray J. “Chest pain-
please admit”: Is there an alternative?. 27:1021-1031.
A rapid cardiological assessment service
may prevent unnecessary admissions.
BM] 2000; 320:951-952.
4. Knockaert DC, Buntinx F, Stoens N,
E140

www.painphysicianjournal.com



Functional Chest Pain and Antidepressants: A Meta-Analysis

10.

11.

12.

13.

14.

15.

16.

17.

18.

Drossman DA, Li Z, Andruzzi E, Temple
RD, Talley NJ, Thompson WG, White-
head WE, Janssens J, Funch-Jensen P,
Corazziari E, et al. U.S. householder sur-
vey of functional gastrointestinal disor-
ders. Prevalence, sociodemography, and
health impact. Dig Dis Sci 1993; 38:1569-
1580.

Ockene IS, Shay M), Alpert JS, Weiner
BH, Dalen JE. Unexplained chest pain in
patients with normal coronary arterio-
grams: A follow-up study of functional
status. N Engl ] Med 1980; 303:1249-1252.
McQuay H]J, Tramer M, Nye BA, Carroll
D, Wiffen PJ, Moore RA. A systematic re-
view of antidepressants in neuropathic
pain. Pain 1996; 68:217-227.

Kisely SR, Campbell LA, Skerritt P, Yel-
land MJ. Psychological interventions for
symptomatic management of non-spe-
cific chest pain in patients with normal
coronary anatomy. Cochrane Database
Syst Rev 2010: CDoog101.

Cannon RO, 3rd, Quyyumi AA, Mince-
moyer R, Stine AM, Gracely RH, Smith
WB, Geraci MF, Black BC, Uhde TW,
Waclawiw MA, Maher K, Benjamin SB.
Imipramine in patients with chest pain
despite normal coronary angiograms. N
Engl ] Med 1994; 330:1411-1417.

Moher D, Cook DJ, Eastwood S, Olkin
I, Rennie D, Stroup DF. Improving the
quality of reports of meta-analyses of
randomised controlled trials: the QUO-
ROM statement. Quality of Reporting
of Meta-analyses. Lancet 1999; 354:1896-
1900.

Bero L, Rennie D The Cochrane Collabo-
ration. Preparing, maintaining, and dis-
seminating systematic reviews of the
effects of health care. JAMA (1995) 274:
1935-1938.

Robinson KA, Dickersin K Development
of a highly sensitive search strategy for
the retrieval of reports of controlled tri-
als using PubMed. Int ] Epidemiol (2002)
31! 150-153.

Lim PL, Lewis SA, Watson RGP, John-
ston BT Treatment of unexplained chest

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

pain: A double-blind placebo-controlled
trial of amitriptyline (abstract). Gut
(2001) 48: A26.

Jadad AR, Moore RA, Carroll D, Jenkin-
son C, Reynolds DJ, Gavaghan DJ, Mc-
Quay HJ Assessing the quality of reports
of randomized clinical trials: is blinding
necessary? Control Clin Trials (1996) 17:
1-12.

Higgins JPT, Green S. Cochrane Hand-
book for Systematic Reviews of Interven-
tions Version 5.0.2 [updated September
2009]  www.cochrane-handbook.org.
The Cochrane Collaboration, 2009.

Cohen ). Statistical Power Analysis for the
Behavioral Sciences. Lawrence Erlbaum
Assoc, Hillsdale, OK, 1988.

van Tulder M, Furlan A, Bombardier C,
Bouter L. Updated method guidelines
for systematic reviews in the cochrane
collaboration back review group. Spine
(Phila Pa 1976) 2003; 28:1290-1299.
Egger M, Davey Smith G, Schneider M,
Minder C. Bias in meta-analysis detect-
ed by a simple, graphical test. BM] (1997)
315: 629-634.

Rosenthal R. The “file drawer problem’
and tolerance for null results. Psychol
Bull 1979; 86:638—641.

Orwin RG. A fail-safe N for effect size
in meta-analysis. Journal of Educational
Statistics 1983; 8:157-159.

)

Prakash C, Clouse RE. Long-term out-
come from tricyclic antidepressant
treatment of functional chest pain. Dig
Dis Sci1999; 44:2373-2379-

Broekaert D, Fischler B, Sifrim D, Jans-
sens J, Tack J. Influence of citalopram, a
selective serotonin reuptake inhibitor,
on oesophageal hypersensitivity: A dou-
ble-blind, placebo-controlled study. Ali-
ment Pharmacol Ther 2006; 23:365-370.
Zheng AL, Qi WH, Hu DY, Cai NS, Ge
JB, Fan WH, Ni YF, Lu GP, Zhang FR,
Wei M, He B, Wu SY, Sun BG, Wu ZG,
Jin HG, Huang Y. [Effects of antidepres-
sant therapy in patients with suspected
“angina pectoris” and negative coronary
angiogram complicating comorbid de-

29.

30.

3L

32.

33

34.

35

36.

pression]. Zhonghua Xin Xue Guan Bing
Za Zhi 2006; 34:1097-1100.

Varia |, Logue E, O’Connor C, Newby
K, Wagner HR, Davenport C, Rathey K,
Krishnan KR. Randomized trial of ser-
traline in patients with unexplained
chest pain of noncardiac origin. Am
Heart ] 2000; 140:367-372.

Spinhoven P, Van der Does A, Van Dijk
E, Van Rood YR Heart-focused anxiety as
a mediating variable in the treatment of
noncardiac chest pain by cognitive-be-
havioral therapy and paroxetine. ] Psy-
chosom Res 2010; 69:227-235.

Lee H, Kim JH, Min BH, Lee JH, Son HJ,
Kim JJ, Rhee JC, Suh YJ, Kim S, Rhee PL.
Efficacy of venlafaxine for symptomatic
relief in young adult patients with func-
tional chest pain: A randomized, dou-
ble-blind, placebo-controlled, crossover
trial. Am ] Gastroenterol 2010; 105:1504-
1512.

Doraiswamy PM, Varia |, Hellegers C,
Wagner HR, Clary GL, Beyer JL, Newby
LK, O’Connor JF, Beebe KL, O’Connor
C, Krishnan KR. A randomized con-
trolled trial of paroxetine for noncardiac
chest pain. Psychopharmacol Bull 2006;
39:15-24.

Doraiswamy PM, Clary GL, Varia I, Hel-
leger C, Wagner R, O’Connor C, Bee-
be KL. Effectiveness of Paroxetine in the
Treatment of Unexplained Chest Pain.
155th Annual Meeting of the American
Psychiatric Association. Philadelphia,
PA, 2002, pp. NR447.

Cox ID, Hann CM, Kaski JC. Low dose
imipramine improves chest pain but not
quality of life in patients with angina
and normal coronary angiograms. Eur
Heart ] 1998; 19:250-254.

Knapp G, Biggerstaff BJ, Hartung J As-
sessing the amount of heterogeneity in
random-effects meta-analysis. Biom ]
2006; 48:271-285.

Terrin N, Schmid CH, Lau J, Olkin | Ad-
justing for publication bias in the pres-
ence of heterogeneity. Stat Med 2003;
22:2113-2126.

www.painphysicianjournal.com

E141






