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Abstract
[bookmark: _Hlk72403106]Background:  Medical therapies are used to improve stable anginal symptoms and quality of life in clinical practice however the evidence for the use of antianginal medication in women is largely unknown.  We conducted a systematic review to investigate the extent of the evidence-base for the medical management of anginal symptoms in women with stable angina.
Methods:  MEDLINE, EMBASE, Cochrane and ClinicalTrials.gov databases were searched to the end of December 2019.  Retrieved papers were hand searched.  Included were randomised controlled trials with at least one week of follow-up that included women with stable angina pectoris, with or without significant coronary atherosclerosis, randomised to conventional antianginal medication or/and a comparator, with a primary or secondary endpoint of angina frequency or glyceryl trinitrate (GTN) consumption.  
Results:  A total of 397 eligible publications were included in a qualitative analysis, with women comprising up to 20-30% of the study populations. No publication that included women and men reported all data separately for each sex.  Twenty-six publications reported any female data separately from male data but only 18 reported angina data for women, 12 of which included fewer than 10 women.  
Conclusions:  Substantially fewer women than men were included in randomised trials of antianginal medications reporting effects on anginal symptoms, and reporting of data by sex was infrequent.  As a result, there is little evidence on which to base treatment recommendations for anginal symptoms in women.  Our results provide a platform for future studies to fill this void in the evidence. 



Introduction
Stable angina is defined as pain or discomfort usually in the chest that occurs typically with activity or emotional stress and is relieved by rest or nitroglycerin.  Angina is usually caused by a reversible mismatch of myocardial oxygen demand and supply associated with myocardial ischaemia or hypoxia.  The mechanisms underlying angina include significant atherosclerotic epicardial coronary heart disease (CHD), coronary spasm of normal or diseased coronary arteries, and microvascular dysfunction (MVD).  ‘Angina equivalents’, symptoms that may occur as well as, or in addition to angina, include dyspnoea, fatigue, syncope or palpitations.1  Less common is angina caused by valve disease such as aortic stenosis, hypertrophic obstructive cardiomyopathy or hypertensive disease.1, 2  
The prevalence of angina, the number of people living with the condition, is not insignificant.  In 2013-16 the prevalence of angina in the United States  was 9.4 million people, 3.5% in males and 3.7% (5.1 million) in females.3  In England in 2018, angina accounted for 2.7% of cardiovascular (CV) conditions (an estimated 1.4 million people), 3.2% in men and 2.1% in women.4  A meta-analysis of angina prevalence in 31 countries found remarkable similarity in angina prevalence in women across nations, with a slight elevation in prevalence in women compared with men (pooled sex ratio of 1.2).5  
	The presence of chronic angina symptoms is known to approximately double the risk of a major CV event, as well as affecting quality of life.6  Angina is the most frequent initial manifestation of CHD in women, however women have a more diverse symptom presentation than men and present with either typical or atypical angina.  On coronary angiography, women are less likely than men to have significantly obstructed epicardial coronary arteries despite their symptoms or the presence of ischemia,7 however a proportion will have dysfunction of the coronary microvasculature.8  Regardless of the pathophysiology, the symptom of angina can be a challenge to treat effectively.  Medical therapies are used to improve anginal symptoms and quality of life in both men and women in clinical practice, however the evidence base is largely from trials investigating myocardial ischaemia rather than anginal symptoms.  Numerous literature reviews have focused on the inclusion of women in cardiovascular clinical trials, but to our knowledge none have concentrated on the treatment of anginal symptoms in women with stable angina pectoris.  What is unknown is the extent of the evidence base for the use of this treatment in women, therefore we conducted a systematic review to investigate the evidence for the use of antianginal medication to treat anginal symptoms in women with stable angina pectoris caused by CHD or MVD.

Methods
Data searches
[bookmark: _Hlk524602453]We conducted and reported this systematic review in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.9  The protocol was registered on PROSPERO (CRD42019128439) and is available in full on the University of York website (Centre for Reviews and Dissemination. https://www.york.ac.uk/crd).  A search strategy was developed from the research questions and PICOS (population, intervention, comparator, outcomes, study design) using both free text and thesaurus terms.  Search terms included ‘angina pectoris’ (not unstable angina), ‘woman or women or female’, ‘randomized controlled trial’, and drug/drug classes search were beta blockers, calcium channel blockers, nitrates, nicorandil, ivabradine, ranolazine and trimetazidine.  The final strategy was adapted for each database searched.  Search results were downloaded into EndNote and deduplicated.  MEDLINE, EMBASE, and the Cochrane databases were searched to December 2019.  Trial register www.ClinicalTrials.gov was searched to identify trials that were about to report.  English and non-English languages were included in the searches.  Randomized, controlled, double- or single-blind clinical trials were sought that included women with stable angina and compared an antianginal medication with a control for at least 1 week.  Studies described as ‘open’ or ‘open label’ or unblinded were not included.  The comparator could be placebo or active comparator.  Outcomes included were angina/chest pain frequency and sublingual nitrate consumption.  

Data extraction and risk of bias
One reviewer extracted study and patient characteristics, intervention and comparator details, and outcome data from included studies using a data collection form and a second researcher independently checked the data extraction forms for accuracy and detail.  Disagreements were discussed and resolved by consensus. Where feasible, foreign language papers were translated by locally available staff and online translator software. Quality of the selected papers was assessed using the Cochrane risk of bias tool.10

Data synthesis
Data for included studies are reported using a narrative approach due to the general lack of data available in the eligible publications.  
[bookmark: top]
Results
Selection and inclusion of studies
Our searches yielded 2,409 titles, 446 full texts were checked by hand and 397 were included in a qualitative analysis.  A PRISMA flow diagram summarises the title selection process in Figure 1.  Of the eligible titles, 26 reported at least some data separately for men and women (one included women only) but only 18 of these reported angina data for women.  

Study, patient, and intervention characteristics 
Inclusion of women in randomized controlled trials (RCTs) of stable angina
A summary of the 397 publications included in the qualitative analysis are summarised in Table 1.  Of these publications, the total study population in the majority of publications was fewer than 50 subjects (Figure 2), and 59% of these studies included fewer than 10 women (Figure 3a).  Figure 3b illustrates the difference in the proportion of women and men included in the 397 publications – in the main, women comprised up to 20-30% of these study populations.  Publication dates ranged from 1966 to 2020, the majority published in the 1980’s and 1990’s in Europe and North America. Calcium antagonists and beta-blockers were the most commonly investigated drug classes.  Only one publication included women exclusively.8  The underlying cause for angina was obstructive CHD in a third of publications, coronary MVD in 2% and unspecified or mixed in two-thirds of publications.

Reporting of data in women
No study that included both women and men reported all data separately for each sex.  Twenty-six (7%) of the publications included in the qualitative analysis reported any female data separately from male data (Table 1).  Of note, 19 of these publications included fewer than 10 women (2 studies included 1 woman, 9 included 2 women, 6 included 3 women, one included 4 women, and one included 8 women), ranging from 5 to 100 percent of the study population.  Two studies included a 50:50 ratio of men and women - both of these studies were old (published in the 1960’s) and small (total population 16 and 30 respectively).11, 12  The most commonly studied drug classes were beta-blockers (10), calcium channel blockers (8) and ranolazine (6).  
Eighteen studies reported angina data for women, 12 of which included fewer than 10 women.  Table 2 presents the characteristics of the 7 publications with n≥8 women that documented treatment efficacy data on angina symptomology/glyceryl trinitrate (GTN) consumption in women - 5 studied ranolazine, one studied the calcium antagonist iproveratril and one investigated propranolol.  One study included 100% women (n=20)8 and another included 96% women (n=147 women)13 – the former was a pilot study for the latter but both were included since their designs differed (the treatment duration was 4 weeks in the pilot and 2 weeks in the main study for example).  Sex was a prespecified subgroup for a treatment effect on angina in a further 2 articles (n=478 women, 20% of study population14 and 358 women, 38% of study population15).

Discussion
We describe for the first time a comprehensive systematic review of the evidence for medical treatment of stable angina symptoms in women.  We demonstrate that since the 1960’s women have been included in fewer numbers than men in randomised trials of antianginal medications, and although inclusion numbers are more equitable in contemporary trials, the reporting of data by sex is poor to the present day.  No publications that included both women and men reported all data separately for each sex.  
Numerous literature reviews have focused on the inclusion of women in cardiovascular clinical trials, but to our knowledge none have concentrated on the treatment of anginal symptoms in stable angina pectoris.  The representation of women in CV trials varies with the condition under investigation and the trial characteristics.  Scott and colleagues evaluated clinical trials supporting the USA Food and Drug Administration’s approvals of CV drugs from 2005 to 2015 and found that representation of women had near-equivalence to men in trials of hypertension, pulmonary hypertension and atrial fibrillation, but fell below this for CHD, acute coronary syndromes and heart failure.16  A report that mined the internationally-used ClincialTrials.gov database for information on women’s participation in CV trials from 2010-2017 discovered that even in contemporary trials, with some exceptions such as hypertension and pulmonary hypertension, men still predominate.17  Prevalence-adjusted estimates for women’s participation showed a lower prevalence ratio for CHD, acute coronary syndromes, arrhythmia, and heart failure trials, with the involvement of women in trials influenced by trial sponsorship, type of intervention and geographic region.17  Together these studies indicate an encouraging trend towards partiality in trials of hypertension, an important risk factor for CHD particularly in women,18 but progress is still needed in other CV diseases.  The USA National Institutes of Health (NIH) Revitalization Act 1993 set out to achieve equity in research by mandating that NIH-funded trials have sample sizes adequate to support a 'valid analysis' of gender and racial subgroup effects.  However a review of NIH-sponsored studies since then showed that of the 56 studies published in 2009 that included men and women, the median enrolment of women was only 37% (9 studies included <20% women), with 75% not reporting any outcomes by sex.19  These results are similar to our current findings of 20-30% female participation and 7% reporting of any outcome data by sex.
Across many cardiovascular conditions there is a scarcity of evidence to inform medical management of CVD in women,16, 17 but have women been excluded from participating in clinical trials, or is it that they have not had the opportunity to participate, or do fewer women choose to participate? It is often assumed that women are more difficult to recruit into studies than men20, 21 or less willing to participate,22 however an alternative explanation is that women are not being reached.   Previous experience tells us of the importance of consistent and continued communication to maintain interest and awareness.  In an effort to recruit more African-American women into a women’s health registry to present them with opportunities to become involved with health research, a group from the University of Michigan initiated a publicity campaign.23  The campaign increased enrolment but once the campaign ceased, enrolment regressed to a similar level as before.23  Social, cultural and behavioural factors affect women’s decision to participate in clinical trials. Women are more likely to be affected by social influences such as family, friends, and researchers, factors that may be dependent on broader social and cultural norms.24  In addition, there appear to be differences in the decision making process in women and men, such that women may need more time to make a decision and may need more sources of input.17  Women may tend to be more risk adverse.25  Documented barriers to enrolment of women include perceived risk of harm/unknown side effect,22, 26 fear and distrust of the research process, lack of knowledge, absence of transportation, interference with work or family responsibilities, and financial costs27 but not all factors are consistent across studies.  Participation of women can be affected by how well the research is explained, aided by written material in the subject’s native language,26 reinforcing the need for approachable, jargon-free clinical trial educational materials and an unhurried consent procedure that allows time for consideration and discussion, particularly for women.  Indeed, sex-specific clinical trial educational materials are currently being evaluated in an on-going study.17, 28  Study design factors such as inclusion/exclusion criteria (age limits, requirement for a diagnosis of flow-limiting coronary atheroma, or/and requirement for ‘typical’ and reproducible anginal symptoms) may also impact inclusion of women in angina trials.  Recruitment of subjects into a clinical trial is multifactorial concern - the study sponsor, funder, study setting, protocol and personnel each have a role to play in enabling the decision of women to participate clinical research.
Quality of life-limiting or debilitating stable anginal symptoms remain in approximately 1.4 million adults in the England and 9.4 million in the USA,3, 4 with women generally suffering more anginal symptoms than men.29  Effective pharmaco-therapeutic treatment of stable angina in the absence of suitably designed and sufficiently powered trials of antianginal medications in women presents a problem for practicing physicians managing sometimes highly symptomatic patients.  Current guideline recommendations for antianginal medical therapy in women must warrant a ‘C’ level of evidence (‘consensus of opinion of the experts and/or small studies, retrospective studies, registries’ rather than hard evidence).1, 29  The American College of Cardiology acknowledge this gap in the evidence in their guidelines and, in discussing women as a special group, recommend ‘the general approach should be to apply the recommendations in this guideline consistently among groups’.30  That is, treat women as you would men. The European Society of Cardiology 2019 guidelines for chronic coronary syndromes mentions only hormone replacement therapy in its section on women, advising against its use for CV risk reduction.1  A more effective management strategy for women requires more specific focus on the patients’ symptoms of chest pain.  If obstructive CHD or ischaemia as a cause of the patients’ symptoms is not found, patients thereafter are often poorly managed and symptom-controlled by cardiologists.7, 31, 32  Ineffective control of symptoms can lead to a reduction in quality of life in a significant number of patients.33  With no specific direction from guidelines, the initial choice of an antianginal medication in women might be guided by heart rate (as a determinant of myocardial work) and systolic blood pressure (as an indicator of vascular resistance) along with assessment of patient-specific comorbidities.34,35  Whatever the initial choice of antianginal, it is imperative that the efficacy and tolerability of the chosen medication be assessed as quickly as feasibly possible.  In doing so, a partially effective dosage of an effective medication can be up-titrated, or if not effective or tolerated then medication can be changed expediently.  Combination therapy may be required to achieve control of anginal symptoms.  In addition to pharmacotherapy for symptom control, a holistic approach that encompasses alternative therapies including behavioural therapies (cognitive behavioural therapy, hypnotherapy) and pain relieving treatments (enhanced external counterpulsation, spinal cord stimulation, transcutaneous electrical neural stimulation) may be considered where macro- and micro-vascular aetiologies of chest pain may co-exist.1  Lifestyle and disease modifying therapy should be intensively considered and recommended in every patient.  
 
Strengths and limitations
We sought to conduct a comprehensive review of the medical management of anginal symptoms in women that encompassed broad inclusion criteria, comprising both English and non-English language publications. Although a reasonable number of studies included women, the small number of studies that included a sufficient number of women to make conclusions based on sex, or that indeed set out to investigate antianginal efficacy by sex, means that our review is unable to shed light on the optimal medical management of angina symptoms in women.  This should not demean the importance of our systematic review however.  To our knowledge no previous study has performed a systematic review in this area - previous publications have investigated female participation in trials of CV disease as a whole or trials of other risk factors related to CVD or CV diseases, but none for anginal symptoms.  Our findings are relevant to the treatment of half of the population with stable angina symptoms.  We need to know of voids in evidence in order to address them.  In that regard, what our results can do is provide a platform for future studies to determine the optimal medical treatment of anginal symptoms in women.  

Conclusions
We determined that there is a paucity of evidence to support the use of current antianginal medication in women, despite angina having a similar prevalence in women and men.  We call for well-designed and -conducted RCTs to address this and for investigators to report trial findings by sex.36  These trials should consider pathophysiologies of angina that are particularly relevant to women such as microvascular angina, which is more common in women than men, in addition to CHD.  There are purported sex differences in response to pharmacotherapy in women compared to men,37 but it is still unresolved as to whether this is due to sex per se or due to differences in pathophysiology.  Until we have quality evidence, guidelines and national mandates will be unable to guide physicians on the optimal medical management of anginal symptoms in women with stable angina.  
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Table 1.  Summary of antianginal trials that included women

	Category
	Trials that included women
(n=397)
	Trials reporting female data 
(n=26)

	Study characteristics
Publication year
  1960-1969
  1970-1979
  1980-1989
  1990-1999
  2000-2009
  2010-2019
  2020

Study location
  Europe
  North America
  Asia
  Australasia
  Africa
  Multiregional

Single centre
Multicentre
	

  21 (5%)
  64 (16%)
115 (29%)
148 (37%)
  33 (8%)
  15 (3.8%)
    1 (0.2%)


229 (58%)
122 (31%)
  16 (4%)
  10 (2%)
    3 (1%)
  17 (4%)

283 (71%)
114 (29%)
	

8 (31%)
5 (19%)
7 (27%)
0
2 (8%)
4 (15%)
0


12 (46%)
  9 (34%)
  0
  2 (8%)
  1 (4)
  2 (8%)

23 (88%)
  3 (12%)

	Intervention characteristics
  Single antianginal v placebo
  Single antianginal v active comparator  
  Single antianginal v active comparator & placebo
  Double/multiple antianginals v placebo
  Double antianginals v active comparator

Duration of intervention (weeks)
    Mean ± SD
    Range

Type of investigational antianginal drug
B-blocker
Calcium antagonist
Nitrates
Nicorandil
Ivabradine
Ranolazine
Trimetazidine
Other
	
190 (48%)
174 (44%)
  23 (6%)
    
    6 (1%)
    4 (1%)



6.6 ± 13
1–190


113 (28.5%)
160 (40%)
  43 (11%)
    6 (1.5%)
    8 (2%)
  12 (3%)
  10 (2.5%)
  45 (11.5%)
	
18
5
2

1
0



8 ± 12
1-52


10 (38%)
  8 (31%)
  0
  0
  0
  6 (23%)
  0
  2 (8%)

	Population characteristics
Sex
  Females only
  Males and females
Age
  Women
  Men
  Women & men
Diagnosis
  Angina with significant CHD  
  Angina with confirmed unobstructed   coronaries/MVD
  Angina of mixed or unspecified cause

	

    1
396

59 ± 22
57 ± 21
59 ± 21

124 (31%)
   10 (3%)

263 (66%)

	

  1
27

59 ± 30
57 ± 29
57 ± 29

  4 (15%)
  2 (8%)

20 (77%)



Data are number (percent) or mean ± standard deviation
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Table 2.  Studies reporting female angina data with n≥8 women

	First Author
	Men/Women n (%)
	Women age
	Men age
	Mean age (SD)
	Diagnosis
	Intervention - active
	Intervention - comparator
	Duration of intervention (weeks)
	Study design & Follow up
	Outcome measure (angina)
	Outcome -Women
	Outcome - Men
	Outcome - Women + Men
	Risk of Bias

	Alexander 201614
	1,911/478 (80/20)
	NR
	NR
	63.3 (10)
	Angina, CHD, incomplete revascularisation
	Ranolazine 1000mg bd
	Placebo
	52
	Randomised, double blind, Placebo controlled, parallel, add-on

	SAQ angina freq at 12 months

	No treatment effect on angina freq.

Mean difference (95% CI):  -0.2 (-2.9, 2.4) p=0.87

	No treatment effect on angina freq. 

Mean difference (95% CI) 1.2 (-0.1, 2.5) p=0.07
	 No treatment effect on angina freq.  

Mean difference (95% CI):  1.0 (-0.2, 2.2), p=0.11
	Low

	Kosiborod 201315
	569/358 (61/39)
	NR
	NR
	64 (8.5)
	Angina, CHD, Type 2 Diabetes
	Ranolazine 500mg bd, titrated to 1000mg bd after 1 wk
	Placebo
	8
	Randomised, double blind, placebo controlled, parallel, add-on

	Angina episodes/wk from weeks 2-8 of treatment on electronic angina diary
	Angina freq decreased on ranolazine v placebo.

Relative difference in incidence (95%CI) 0.85 (0.72, 0.98), p=0.46 for interaction
	Angina freq decreased on ranolazine v placebo.

Relative difference in incidence (95%CI) 0.92 (0.83, 1.03), p=0.46 for interaction
	Angina freq decreased on ranolazine v placebo.

Mean (95% CI: 3.8 (3.57, 4.05) v 4.3 (4.01, 4.52), p=0.008 
	Low

	Stone 200638
	408/156 (72/28)
	NR
	NR
	61 (9)
	Angina, CHD
	Ranolazine 1000mg bd 
	Placebo
	6

	Randomised, double blind, placebo controlled, parallel, add-on
	Angina diary - weekly average angina episodes during treatment phase
	No treatment effect on angina freq.  

Mean weekly angina (SE): 2.86 (0.41) v 3.48 (0.45), ranolazine v placebo, p=0.33
	Angina freq decreased on ranolazine v placebo.

Trimmed mean (SE): 2.91 (0.23) v 3.19 (0.24), p=0.026
	 Angina freq decreased on ranolazine v placebo.

Trimmed mean (SE): 2.88 (0.19) v 3.31 (0.22), p=0.028
	Low

	Bairey Merz 201613
	6/147 (4/96)
	NR
	NR
	55.2 (9.8)
	Angina, MVD
	Ranolazine 500mg, titrated to 1000mg after 1 wk
	Placebo
	2
	Randomised, double blind, placebo controlled, cross over, add-on
	SAQ Angina freq & stability, and SAQ-7
	No treatment effect on angina freq.  

Note:  results no different by excluding men (data not given)
	NR
	 No treatment effect on any angina measure.  

Mean angina freq treatment change (95% CI): 0.08 (-4.18, 4.34), p=0.97  
	Low

	Mehta 20118
	0/20 (0/100)
	57 (11)
	N/A
	57 (11)
	Angina, MVD
	Ranolazine 500mg, titrated to 1000mg after 2 wks
	Placebo
	4
	 Pilot randomised, double blind, placebo controlled, cross-over, add-on (pilot for 13)
	SAQ angina
	No treatment effect on angina freq. but angina stability improved.

Angina freq: 80 (50,100) v 75 (60,87.5), ranolazine v placebo (95% CI); p=0.197 

Angina stability: 75 (50,100) v 50 (25,75), ranolazine v placebo (95% CI); p=0.008 
	No men
	No men
	Low

	Neumann 196639
	15/15 (50/50)
	79.6
	76
	80.4
	Angina, unspecified cause
	Iproveratril 40mg tid
	Placebo
	6
	Randomised, double blind, placebo controlled, cross-over
	GTN consumption
	Positive treatment effect on GTN consumption v baseline.  No stats active v placebo.

Mean difference iproveratril v baseline -3.47, p=0.01.
Mean (SD) iproveratril v placebo 5.5 (4.7) v 7.9 (5.4), p=not reported
	No treatment effect on GTN consumption v baseline.

Mean (SD) iproveratril v placebo 6.5 (4.8) v 10.4 (8.4) p=not reported
	Positive treatment effect on GTN consumption.

Mean (SD) iproveratril v placebo 6.5 (4.8) v 10.4 (8.4), p=0.001
	Some concerns

	Rabkin 196611
	8/8 (50/50)
	57 (8)
	56 (5)
	56.4 (5.8)
	Angina, unspecified cause
	Propranolol 50mg qid
	Placebo
	4
	2 x 4 wk treatment periods in total, but assigned in 4 x 2 wk periods (4 possible options)
	Angina/GTN diary:  angina freq (not reported)/GTN consumption
	Decreased GTN consumption propranolol v placebo (no stats)

Mean GTN tablets (SD):  10.5 (8.8) v 13.1 (6.9) placebo - no stats
	Decreased GTN consumption propranolol v placebo (no stats).

Mean GTN tablets (SD):  42.7 (43) v 71.6 (61) - no stats
	Decreased  GTN consumption on propranolol v placebo.

Mean GTN tablets/wk:  6.6 v 10.5, p<0.001
	Some concerns



NR – not reported.
Red – data from prespecified subgroup analysis by sex
Blue – data derived from individual patient data
Risk of bias determined using Cochrane Risk of Bias tool
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Figure 2.  Number of patients enrolled in the 397 eligible RCTsFull-text articles excluded, with reasons
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A. Number of women and men included in randomized controlled trials of stable angina pectoris (total study population n≤50).  B. Percentage of women and men in eligible publications of stable angina trials (n=397).  RCT = randomized controlled trials, n = number of publications.
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