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Meta-analysis: Epidemiology of Non-cardiac Chest Pain in the Community
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Background: Prevalence of, and risk factors for, non-cardiac chest pain in the community have not been well studied.

Aims: To conduct a systematic review and meta-analysis to examine these issues.

Methods: MEDLINE, EMBASE, and EMBASE Classic were searched (up to March 2011) to identify population-based studies reporting prevalence of non-cardiac chest pain in adults (≥15 years) according to self-report, questionnaire, or specific symptom-based criteria. Prevalence of non-cardiac chest pain was extracted for all studies, and according to study location and certain other characteristics including presence or absence of gastro-oesophageal reflux disease (GERD) symptoms, where reported. Pooled prevalence overall, as well as odds ratios (OR), with 95% confidence intervals (CIs) were calculated.

Results: Of 18 papers evaluated, 16 reported prevalence of non-cardiac chest pain in 14 separate populations, containing 24 849 subjects. Pooled prevalence of non-cardiac chest pain in all studies was 13% (95% CI 9%-16%). The prevalence of non-cardiac chest pain was higher in Australian studies, and in studies using a questionnaire to define its presence, compared with those using Rome I or II criteria. Prevalence was no different in females versus males (OR 0.99; 95% CI 0.82-1.20). The prevalence was markedly higher in subjects who also reported GERD (OR 4.71;, and increased according to frequency of GERD symptoms.

Conclusions: Pooled prevalence of non-cardiac chest pain in the community was 13%, but there were few studies. Rates did not appear to differ according to gender or age. Presence of GERD was strongly associated with non-cardiac chest pain.

The pathophysiological mechanisms behind symptom generation remain poorly understood. Proposed mechanisms include visceral hypersensitivity, [START_REF] Richter | Abnormal sensory perception in patients with esophageal chest pain[END_REF] abnormal pain processing, (4) altered autonomic activity, [START_REF] Tougas | Cardiac autonomic function and oesophageal acid sensitivity in patients with non-cardiac chest pain[END_REF] and sustained oesophageal contractions, [START_REF] Balaban | Sustained esophageal contraction: A marker of esophageal chest pain identified by intraluminal ultrasonography[END_REF] while the role of oesophageal dysmotility remains unclear. [START_REF] Katz | Esophageal testing of patients with noncardiac chest pain or dysphagia. Results of three years experience with 1161 patients[END_REF] Potential risk factors for non-cardiac chest pain include obesity, family history of gastro-oesophageal reflux disease (GERD), smoking, analgesic use, and symptoms of GERD, [START_REF] Eslick | Non-cardiac chest pain: Prevalence, risk factors, impact, and consulting -a population-based study[END_REF][START_REF] Wise | Risk factors for non-cardiac chest pain in the community[END_REF][START_REF] Ruigomez | Chest pain without established ischaemic heart disease in primary care patients: Associated comorbidities and mortality[END_REF] although data are sparse.

There have been several cross-sectional surveys that have reported the prevalence of non-cardiac chest pain in the community, (8;11-13) but the prevalence of non-cardiac chest pain according to geographical location has not been wellstudied to date. Nor has any single study synthesised all the available evidence to examine potential risk factors for non-cardiac chest pain, the relationship between the disorder and symptoms of GERD, or the degree of overlap between other functional GI disorders and non-cardiac chest pain. Systematic analysis of studies that report these types of data is important to allow physicians consulting with patients complaining of these symptoms to provide more precise estimates of the prevalence and risk factors for the condition, as well as identify areas where further research is needed. We have therefore conducted a systematic review and meta-analysis of the prevalence of non-cardiac chest pain in the community to examine these issues. 1.
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Studies on non-cardiac chest pain were identified using the search terms: chest pain (both as a medical subject heading (MeSH) and free text term), as well as noncardiac, non cardiac, non-cardiac, or functional as free text terms. These were combined with the set operator AND with studies identified with the search term prevalence as both a MeSH and free text term. There were no language restrictions.

All abstracts identified by the search were evaluated for appropriateness to the study question, and all potentially relevant papers were obtained and assessed in detail. A recursive search of the literature was conducted using the bibliographies of all eligible studies. Foreign language papers were translated where required. Studies were assessed independently by two investigators, using pre-designed eligibility forms, according to the eligibility criteria. All disagreements were resolved by consensus. 

Data Synthesis and Statistical Analysis

The proportion of individuals with non-cardiac chest pain in each study was combined to give a pooled prevalence of non-cardiac chest pain for all studies.

Heterogeneity between studies was assessed using the I 2 statistic with a cut off of 50%, [START_REF] Higgins | Measuring inconsistency in meta-analyses[END_REF] and the χ 2 test with a P value < 0. 

RESULTS

The search strategy identified 2076 citations (Figure 1). From these we identified 18 papers that appeared to be relevant to the study question. Of these, 16

studies, reporting prevalence of non-cardiac chest pain in 14 separate adult study populations, were eligible for inclusion. (8;11-13;20-31) Agreement between investigators for assessment of study eligibility was good (kappa statistic = 0.64).

Detailed characteristics of all included studies are provided in Table 2. Most studies were cross-sectional surveys, but one was a case-control study conducted among diabetic patients and non-diabetic controls from the general population. [START_REF] Mjornheim | Gastrointestinal symptoms in type 1 diabetic patients, as compared to the general population[END_REF] For the purposes of the present analysis only data for the non-diabetic controls were extracted from this study. None of the identified studies reported the prevalence of non-cardiac chest pain according to the presence or absence of other functional GI disorders.

Prevalence of Non-cardiac Chest Pain in All Studies

The pooled prevalence of non-cardiac chest pain in all 14 studies containing 24 849 participants using the primary definition for non-cardiac chest pain in each study, was 13.0% (95% CI 9.0% to 16.0%), with statistically significant heterogeneity between studies (I 2 = 98.6%, P < 0.001). Nine studies excluded cardiac causes of chest pain from their definition of non-cardiac chest pain. (8;11-13;20;23-25;29) Seven of these used self-report of a cardiac cause by the participant in the symptom questionnaire, (11;13;20;23-25;29) 

Global Prevalence of Non-cardiac Chest Pain

Seven of the studies were conducted in North America or Europe.

(11;13;25;26;29-31) There were no identified studies conducted in South Asia, Africa, or Central America, and only a few studies from other regions. The pooled prevalence of non-cardiac chest pain according to geographical location of the study is provided in Table 3. This was similar for the four geographical regions where more than one study had been conducted, with the exception of Australian studies, where the prevalence was 16.0%. The prevalence in the study from Turkey was 19.5%, [START_REF] Bor | Gastroesophageal reflux in a low-income region in Turkey[END_REF] whilst that in the Argentinean survey was 24.1%. ( 23)

Prevalence of Non-cardiac Chest Pain According to Criteria Used to Define its

Presence

Eleven studies used a questionnaire to define the presence of non-cardiac chest pain. (8;11-13;20;22-24;26;29;30) Three studies used the Rome II criteria, (21;27;31) two used the Rome I criteria, (25;28) and no identified studies used the Rome III criteria. The pooled prevalence of non-cardiac chest pain according to the various criteria used to define its presence is provided in Table 4. Pooled prevalence was lower when either the Rome I or II criteria were used to define its presence, with a prevalence of 9.0% and 2.7% respectively. chest pain in the community, and ensure our results were applicable to the general population. We performed subgroup analyses according to study location, criteria used to define non-cardiac chest pain, and other study characteristics in order to assess the impact of these on pooled prevalence. Finally, we were able to extract data in order to study the relationship between GERD and non-cardiac chest pain.
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Limitations of the study, as with any systematic review and meta-analysis, arise from the studies that were eligible and available for inclusion. Our search identified only 16 studies, conducted in 14 separate adult populations, emphasizing the relative paucity of population-based data concerning the prevalence of non-cardiac chest pain, when compared to other functional GI disorders such as dyspepsia, irritable bowel syndrome (IBS), and chronic idiopathic constipation. When calculating pooled prevalence, there was a notable absence of studies conducted in certain geographical regions, making an accurate assessment of true global prevalence difficult. There were few studies reporting the effect of age or socioeconomic status on prevalence of non-cardiac chest pain, and no studies reported the degree of overlap with the other functional GI disorders, such as IBS. In addition, there was heterogeneity between study results, which was not explained by any of the subgroup analyses we conducted. Finally, the differences in definitions of non-cardiac chest pain used in the identified studies may limit the usefulness of the pooled estimate of prevalence.

There have been no previous systematic reviews published that have examined the epidemiology of non-cardiac chest pain in the community. This emphasises the need for a definitive study to identify and summarise all available evidence in this field. One previous systematic review reported that evidence from three populationbased studies supported a link between non-cardiac chest pain and GERD. However, there has not been any formal meta-analysis conducted, to our knowledge, which has synthesised all available evidence to quantify this relationship. Our observation that non-cardiac chest pain was reported almost five times more frequently by those who met symptom criteria for GERD, and that the magnitude of this association increased with a higher frequency of symptoms, suggest that there is considerable overlap between the two conditions and possibly a causal connection.

Physiological reflux of acid may therefore play a role in the generation of symptoms in individuals with non-cardiac chest pain. This theory is supported by a study that used wireless pH monitoring in patients with non-cardiac chest pain, and demonstrated that extended monitoring time led to higher rates of detection of GERD.

(33) A meta-analysis of randomised controlled trials of proton pump inhibitors (PPIs) in non-cardiac chest pain suggested that acid suppression is superior to placebo in terms of improvement in symptoms, with a number needed to treat of only three. [START_REF] Cremonini | Diagnostic and therapeutic use of proton pump inhibitors in non-cardiac chest pain: A metaanalysis[END_REF] Furthermore, in a recent study using ambulatory pH monitoring indicators of GERD, including acid exposure time, evidence of relevant acid reflux was present in almost two-thirds of non-cardiac chest pain patients, and these predicted a response to medical therapy. ( 35) Some investigators have demonstrated that acid exposure reduces pain thresholds in the oesophagus in healthy volunteers, [START_REF] Hu | Intraesophageal acid perfusion sensitizes the esophagus to mechanical distension: A Barostat study[END_REF] and that this effect is exaggerated in patients with non-cardiac chest pain, [START_REF] Sarkar | Contribution of central sensitisation to the development of non-cardiac chest pain[END_REF] 41) However, more studies replicating these data are required in order to confirm this association. This systematic review and meta-analysis has also identified other areas of need for future research. Only a minority of the studies we identified were designed with prevalence of non-cardiac chest pain as the primary outcome of interest, and hence risk factors for the condition have been poorly

assessed. In addition, as yet, no single study has reported the prevalence of chest pain using the Rome III criteria, and this needs to be addressed.

In conclusion, this systematic review and meta-analysis has demonstrated a global prevalence of non-cardiac chest pain of 13%. Rates were higher according to a questionnaire-based diagnosis compared with the Rome I or II criteria. Unlike most of the other functional GI disorders, there was no significant difference in prevalence according to gender. Finally, the presence of non-cardiac chest pain seemed to be strongly associated with GERD symptoms, suggesting common pathophysiological mechanisms.
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  chest pain is a disorder thought to relate to the gastrointestinal (GI) tract, characterised by episodes of unexplained chest pain that are potentially of oesophageal origin. Patients with non-cardiac chest pain report impairments in quality of life and activities of daily living that are of a similar magnitude to those with chest pain caused by structural coronary disease, (1) and rates of healthcare seeking and work absenteeism are also comparable. (2) Severity of symptoms and anxiety about the underlying cause appear to drive consultation behaviour.[START_REF] Eslick | Non-cardiac chest pain: Predictors of health care seeking, the types of health care professional consulted, work absenteeism and interruption of daily activities[END_REF] 

Table 4 .

 4 A; not applicable, too few studies to assess heterogeneity F o r P e e r R e v i e w Ford et al. Pooled Prevalence of Non-cardiac Chest Pain According to Criteria Used to Define its Presence.

1 . 2 . 9 . 3 .

 1293 the other hand, the studies chosen in the discussion to explain the role of GERD in the generation of symptoms in patients with functional chest pain were probably not the best for this purpose. It would be better to include some other references showing that acid exposure can sensitize the esophagus contributing to the development of visceral hypersensitivity. The authors may probably find useful to include some of the following references: Hu WH, Martin CJ, Talley NJ. Intraesophageal acid perfusion sensitizes the esophagus to mechanical distension: a Barostat study. Am J Gastroenterol. Sarkar S, Aziz Q, Woolf CJ et al. Contribution of central sensitisation to the development of non-cardiac chest pain. Lancet 2000;356:1154-Sarkar S, Thompson DG, Woolf CJ et al. Patients with chest pain and occult gastroesophageal reflux demonstrate visceral pain hypersensitivity which may be partially responsive to acid suppression. Am J Gastroenterol. 2004;99(10):1998-2006.

  effect is exaggerated in patients with non-cardiac chest pain,[START_REF] Sarkar | Patients with chest pain and occult gastroesophageal reflux demonstrate visceral pain hypersensitivity which may be partially responsive to acid suppression[END_REF] and may be attenuated by PPIs.[START_REF] Ford | Systematic review and meta-analysis of the prevalence of irritable bowel syndrome in individuals with dyspepsia[END_REF]" the data and references for this manuscript.I have not identified any previous meta-analyses addressing the epidemiology of functional chest pain. I have not identified any further studies that may be eligible for inclusion.I have checked the extracted data and references which are all correct.
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  and the remaining two studies used both a physician's diagnosis of ischaemic heart disease and the Rose angina questionnaire. Ford et al. 10 of 33 was 17.0% (95% CI 13.0% to 21.0%), compared with 6.0% (95% CI 3.0% to 11.0%) in those that did not exclude cardiac causes.
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The pooled prevalence in studies that excluded cardiac causes of chest pain

Prevalence of Non-cardiac Chest Pain According to Gender, Age, and Socioeconomic Status

  

	Ford et al. Ford et al.	12 of 33 14 of 33
	symptoms of GERD was 31.0% (95% CI 27.0% to 36.0%), compared with 9.0% DISCUSSION
	(95% CI 6.0% to 12.0%) in 5828 subjects without. The OR for non-cardiac chest pain
	There were seven studies that reported the prevalence of non-cardiac chest in those with typical symptoms of GERD was 4.71 (95% CI 3.32 to 6.70) (Figure 3), This systematic review and meta-analysis has demonstrated a pooled
	pain according to the gender of participants. (8;12;13;21;25;27;31) Overall, the with significant heterogeneity between studies (I 2 = 86.6%, P < 0.001), but no prevalence for non-cardiac chest pain in the community of 13%, with a similar
	pooled prevalence in 7340 women was 9.7% (95% CI 5.0% to 15.7%), compared with evidence of funnel plot asymmetry (Egger test, P = 0.28). prevalence across the geographical regions studied, although slightly higher in
	9.7% (95% CI 4.7% to 16.1%) in 6773 men. The OR for non-cardiac chest pain in Five studies reported the prevalence of non-cardiac chest pain according to Australian studies. Prevalence appeared lower when the Rome I or II criteria were
	women, compared with men, was 0.99 (95% CI 0.82 to 1.20) (Figure 2), with frequency of typical GERD symptoms. (13;20;23;24;29) The pooled prevalence of used to define non-cardiac chest pain, compared with a questionnaire-based diagnosis.
	o r borderline heterogeneity between studies (I 2 = 54.7%, P = 0.04), but no evidence of F o r non-cardiac chest pain in 4278 subjects with no GERD symptoms was 8.0% (95% CI 5.0% to 12.0%), compared with 27.0% (95% CI 22.0% to 32.0%) in 1699 individuals with occasional GERD symptoms, and 36.0% (95% CI 31.0% to 41.0%) in 918 with F o r There were no studies examining prevalence according to the most recent Rome III F o r
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	Strengths of this study include our exhaustive literature search, which included
	a recursive search of the literature, as well as electronic databases. In addition,
	eligibility assessment and data extraction were performed independently by two
	investigators, with all discrepancies resolved by consensus. We only considered

funnel plot asymmetry (Egger test, P = 0.99).

Data concerning prevalence of non-cardiac chest pain according to age and socioeconomic status were scarce. Only four studies reporting prevalence according to age.

(8;13;22;25) 

However, due to different age bands used to report prevalence of non-cardiac chest pain, data available for pooling were limited. Two studies provided data according to age less than 45 years, or 45 years or more.

(22;25) 

The prevalence of non-cardiac chest pain in those aged 45 years or more was not significantly different to those aged less than 45 years (OR 0.85; 95% CI 0.39 to 1.86). There was only one study that reported the prevalence of non-cardiac chest pain according to socioeconomic status.

[START_REF] Wong | Population based study of noncardiac chest pain in southern Chinese: Prevalence, psychosocial factors and health care utilization[END_REF] 

This demonstrated a declining prevalence with increasing monthly income, from 33% in those with no income to only 9% in those individuals with a monthly salary of more than US$3200.

Prevalence of Non-cardiac Chest Pain According to Presence of GERD

There were six studies, containing 9104 subjects, which collected data on both typical GERD symptoms and presence of non-cardiac chest pain.

(12;13;20;23;24;29) 

The pooled prevalence of non-cardiac chest pain in 3276 individuals with typical frequent GERD symptoms. The ORs for non-cardiac chest pain in those with occasional or frequent GERD symptoms compared with those without were 4.20 (95% CI 2.59 to 6.82) (Figure

4

) and 6.37 (95% CI 4.08 to 9.96) (Figure

5

) respectively, with statistically significant heterogeneity between studies in both analyses, but no evidence of funnel plot asymmetry. criteria. Perhaps unexpectedly, prevalence was also lower in studies that did not exclude possible cardiac causes of chest pain from their definition using self-report, a physician opinion, or validated questionnaire. The presence of non-cardiac chest pain did not appear to be affected by gender or age, although studies reporting prevalence according to the latter were sparse, whilst prevalence declined with increasing income in one study.

[START_REF] Wong | Population based study of noncardiac chest pain in southern Chinese: Prevalence, psychosocial factors and health care utilization[END_REF] 

Finally, there was a significant association between GERD and non-cardiac chest pain, with an almost five-fold increase in the odds of non-cardiac chest pain in those reporting symptoms compatible with GERD. The magnitude of this association increased with the frequency of GERD symptoms, with a greater than six-fold increase in odds of non-cardiac chest pain in those with frequent GERD symptoms, suggesting a gradient of effect. population-based studies, and excluded convenience samples and studies conducted in primary care or GI clinics, in order not to overestimate the prevalence of non-cardiac

FIGURES Figure 1. Flow Diagram of Assessment of Studies Identified in the Systematic Review and Meta-analysis.
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Figure 2. Pooled Odds Ratio for Non-cardiac Chest Pain in Women Compared with Men.
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Pooled Odds Ratio for Non-cardiac Chest Pain in Individuals with Typical Symptoms of GERD Compared with Those Without.
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Pooled Odds Ratio for Non-cardiac Chest Pain in Individuals with Occasional Symptoms of GERD Compared with Those Without.
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Figure 5. Pooled Odds Ratio for Non-cardiac Chest Pain in Individuals with Frequent Symptoms of GERD Compared with Those Without.
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Table 1 :

 1 Eligibility Criteria

	Cohort studies, case-control studies, cross-sectional surveys, or randomised controlled
	trials
	Recruited adults (>90% of participants aged ≥15 years)
	Participants recruited from the general population / community*
	Reported prevalence of non-cardiac chest pain (according to self-report, questionnaire
	data, specific diagnostic criteria †, or a physician's opinion)
	Sample size of ≥ 50 participants

*Convenience samples excluded †Rome I, II, or III criteria F o r P e e r R e v i e w

Table 2 . Characteristics of Included Studies.

 2 

	Study	Country	Method of data	Criteria used to	Method used to exclude cardiac	Sample	Number with
			collection	define non-cardiac	causes of chest pain	size	non-cardiac
				chest pain			chest pain (%)
	Ruth 1991	Sweden	Postal questionnaire Questionnaire-defined	Self-report on questionnaire	328	40 (12.2)
	(11)						
	Drossman	USA	Postal	Rome I	Self-report on questionnaire	5430	693 (12.8)
	1993 (25)		questionnaire*				
	Isolauri 1995	Finland	Postal questionnaire Questionnaire-defined	Not excluded	1700	244 (14.4)
	(26)						
	Locke 1997	USA	Postal	Questionnaire-defined	Self-report on questionnaire	1511	337 (22.3)
	(29)		questionnaire*				

Comments for Transmission to the Authors

Overall, this meta-analysis by Ford et al is a good study.

We thank the reviewer for their kind comments. No response required.

Most of the limitations, such as the inclusion of only 16 studies, have been correctly addressed by the authors in the discussion

We thank the reviewer for their kind comments. No response required.

However, I have an important concern about the use of the term functional chest pain as synonymous of non-cardiac chest pain. The definition of functional chest

pain requires the exclusion of esophageal and non esophageal disorders. While the term non cardiac chest pain denotes exclusively that the heart is not the origin of the pain and can include patients with a variety of conditions such as GERD. Indeed, most of the studies included in this meta-analysis, with some exceptions, were designed to assess the prevalence of non cardiac chest pain not the prevalence of functional chest pain. The increased association found between GERD and functional chest pain can therefore be explained by the fact that the authors are including patients with GERD related NCCP in the analysis. 
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