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Abstract

Aim Angina pectoris in the absence of obstructive
coronary artery disease (CAD) is common and is
associated with poor quality of life (QOL). Coronary
microvascular endothelial dysfunction is associated with
myocardial ischaemia and is a common cause of angina.
We hypothesise that evaluation of coronary endothelial
function, its diagnosis and treatment will favourably
impact QOL in patients with angina symptoms and nonobstructive CAD.
Methods and results Follow-up was done on 457
patients with chest pain and non-obstructive coronary
arteries who had undergone coronary vascular reactivity
evaluation by administration of intracoronary acetylcholine
at the time of diagnostic study. After a mean follow-up
of 8.4±4.7 years, QOL was assessed by administration
of the SF-36 QOL survey. Patients diagnosed and
treated for microvascular endothelial dysfunction had a
higher (better) overall mental composite score (44.8 vs
40.9, p=0.036) and mental health score (44.2 vs 40.7,
p=0.047), and a trend towards higher vitality scores (39.1
vs 35.9, p=0.053) and role emotional scores (43.6 vs 40.4,
p=0.073), compared with patients with normal endothelial
function.
Conclusion Among patients with chest pain and
normal coronaries, diagnosis and treatment of coronary
microvascular endothelial dysfunction in those with
angina pectoris and non-obstructive CAD are associated
with better QOL compared with patients with normal
endothelial function.

Introduction
Angina pectoris with normal coronaries is
a common phenomenon occurring in over
60% of patients undergoing coronary angiography in the USA.1 Patients with persistent
chest pain and normal or non-obstructive
coronary angiograms have poor quality of
life (QOL) and consume large amounts of
healthcare resources due to repeat evaluations for diagnostic and therapeutic uncertainty.2 3 Coronary microvascular endothelial

Key questions
What is already known about this subject?
►► Very little is known on the subject of quality of life

(QOL) and coronary endothelial function.
►► No studies to our knowledge have specifically ad-

dressed the effects of diagnosis and treatment of
coronary endothelial dysfunction on long-term QOL.

What does this study add?
►► In this manuscript we report the results of the im-

pact of diagnosis and treatment of patients with
coronary microvascular endothelial dysfunction and
non-obstructive coronary artery disease (CAD) on
long-term QOL.
►► These results demonstrate that among patients with
chest pain and normal coronaries, the diagnosis
and treatment of coronary microvascular endothelial dysfunction in those with angina pectoris and
non-obstructive CAD are associated with better QOL
compared with patients with normal endothelial
function.

How might this impact on clinical practice?
►► The findings bring novel information to support

the use of coronary endothelial function testing by
skilled operators in the diagnosis of microvascular
disease in patients with atypical chest pain that is
not due to obstructive disease.
►► The results of the study suggest that the diagnosis
and subsequent treatment of patients found to have
microvascular disease may lead to an improvement
in QOL.

dysfunction is associated with myocardial
ischaemia4 and cardiovascular events,5–7 and
can be an important mechanism for persistent chest pain in these patients.8
The identification and treatment of coronary microvascular endothelial dysfunction as
a cause of angina in these patients may potentially modify their disease. Furthermore,
recent studies have shown that reversal of
endothelial dysfunction is associated with an
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Coronary endothelial function testing
may improve long-term quality of life in
subjects with microvascular coronary
endothelial dysfunction
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Methods
Study design
This study is a prospective cohort study in a single centre.
Study population
The study group consisted of 457 patients with chest
pain who were referred to the cardiac catheterisation
laboratory for evaluation of CAD, found to have non-obstructive disease, and had comprehensive coronary physiology study including assessment of endothelial function and non-endothelium-independent coronary flow
reserve.11–14
Exclusion criteria included significant coronary artery
stenosis (>40%), ejection fraction <45%, unstable angina,
previous myocardial infarction, use of radiographic
contrast agents within 12 hours, significant systemic
disease and pregnancy. Patients who did not return a
follow-up questionnaire were excluded.
Study protocol
Medications that may affect cardiovascular haemodynamics were discontinued for at least 48 hours before
the study. At baseline, diagnostic coronary angiography
and determination of endothelium-dependent changes
in Coronary Blood Flow (CBF) and endothelium-independent coronary flow reserve were performed as previously described.4 15 A Doppler guidewire (0.014-inch
diameter, FloWire, Volcano) within a 2.2 F coronary
infusion catheter (Ultrafuse, SciMed Life System) was
advanced and positioned in the middle portion of the
left anterior descending coronary artery (LAD). Intracoronary bolus injections of incremental doses (18–72 µg)
of adenosine (Fujisawa), an endothelium-independent
vasodilator (primarily of the microcirculation),16 were
administered into the guiding catheter until maximal
hyperaemia was achieved.
Assessment of the endothelium-dependent changes
in CBF was performed by selective infusion of acetylcholine (ACh) into the LAD. ACh (Iolab Pharmaceuticals)
10−6, 10−5 and 10−4 mol/L were infused at 1 mL/min for
3 min.4 17 Haemodynamic data (heart rate and mean
arterial pressure), Doppler measurements and coronary
angiography were obtained after each infusion. Endothelium-independent epicardial vasodilation was assessed
with an intracoronary bolus injection of nitroglycerin
(200 µg, Abbott Laboratories).18
2

Microvascular endothelial function
Doppler flow velocity spectra were analysed online
to determine the time-averaged peak velocity. Volumetric CBF was determined from the following relation: CBF=cross-sectional area × average peak velocity ×
0.5.19 Endothelium-dependent microvascular function
was calculated as % ∆ CBF in response to ACh as previously described.20 As previously reported microvascular
endothelial dysfunction was defined as ≤50% increase in
CBF in response to the maximal dose of ACh compared
with baseline CBF.6 Patients were divided into two groups
based on the presence of microvascular endothelial
dysfunction.
Epicardial vascular function testing
Coronary artery diameter was analysed by quantitative
coronary angiograms from digital images using a modified, previously described technique from this institution.4 13 The LAD was divided into proximal, middle and
distal segments. For each segment, the measurements
were performed in the region where the greatest change
had occurred during the ACh infusion. An angiographically smooth segment of the proximal, middle and distal
LAD, free of any overlapping branch vessels, was identified in each patient and served as the reference diameter
for the calculation of diameter stenosis. End-diastolic
cine frames that best showed the segment were selected
and calibration of the video and cine images was done,
identifying the diameter of the guide catheter. Quantitative measurements of the coronary arteries were obtained
using a computer-based image analysis system. Segment
diameters were determined at baseline and after both
ACh and nitroglycerin administration. The proximal
segment was not exposed to ACh and thus served a
control segment.
Epicardial coronary endothelial dysfunction was
defined as a decrease or no increase in coronary artery
diameter in response to the maximal dose of ACh
compared with baseline.21
Follow-up
After a mean follow-up of 8.4±4.7 years, QOL was assessed
by administration of Short Form (36) Health (SF-36)
survey.22 Patients were contacted by mail and the SF-36
survey sent to them.
Survey instrument
The SF-36 survey is a well-validated, multipurpose, shortform health survey with 36 questions. It is an 8-scale
profile of functional health, well-being and mental health
that forms a generic measure of participants’ perception
of their health status and their mental and physical wellbeing (figure 1).22–25
Statistical analysis
Data are displayed as mean±SD or count and percentage
as appropriate. Variables with heavily skewed distribution
are reported as medians with first and third quartiles
Reriani M, et al. Open Heart 2019;6:e000870. doi:10.1136/openhrt-2018-000870
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improvement in cardiovascular prognosis.9 10 The effect
of diagnosis and treatment of microvascular endothelial
dysfunction on long-term QOL in patients with angina
and normal angiograms has however not been studied.
Therefore, the aim of this study was to evaluate the
impact of diagnosis and treatment of patients with coronary microvascular endothelial dysfunction and non-obstructive coronary artery disease (CAD) on long-term
QOL.

Coronary artery disease

Summary of the measures and scales of the quality of life SF-36 survey.

in parenthesis. Analysis to compare different demographic and baseline clinical data between the groups
was performed using analysis of variance for continuous
data and the Pearson’s χ2 test for categorical data. Baseline data for the CBF, CFR and coronary artery diameter
were compared using a rank-sum test. Statistical analyses
were performed using JMP V.14 (SAS Institute, Cary, NC,
1989–2018).
Quality of life
The responses to the SF-36 items for the 8-scale SF-36 scale
were scored using the publisher’s normative methods,
which in turn generated the summary physical and mental
components scores. All of these scores are standardised
such that in a normal age-matched and sex-matched
reference population the mean score is equal to 50 and
the SD of the scores is equal to 10. Patients who have
SF-36 scores greater than 50 report better health-related
QOL than the normal population, and scores less than 50
indicate poorer QOL. Differences between the groups in
the QOL analysis were compared using Student’s t-test.
Multiple linear regression was used to estimate the difference in QOL adjusted for other covariates. The model
was adjusted for covariates which included the baseline
characteristics (reported in table 1) as well as the medication use at baseline (reported in table 2). All statistical
Reriani M, et al. Open Heart 2019;6:e000870. doi:10.1136/openhrt-2018-000870

tests were two-sided, and a p<0.05 was considered to be
statistically significant.
Results
Therefore 457 patients were included in the study, of
whom 258 (56%) had microvascular endothelial dysfunction. There were 313 women (68%), and the mean age of
the study population was 52 years (range, 17–78 years).
Most patients (92%) had >1 risk factor for CAD. The
mean duration of follow-up was 8.4±4.7 years.
Baseline characteristics
Patients with microvascular dysfunction were slightly
older compared with patients with normal endothelial
function (mean age 54 vs 51, p=0.028) and had a lower
smoking rate. The groups were otherwise well matched at
baseline with regard to gender, race, other cardiovascular
risk factors and inflammatory marker (table 1).
Medications at baseline
Patients with microvascular dysfunction had a higher rate
of lipid-lowering drugs use (43% vs 33%, p=0.032) and a
lower rate of aspirin use (43% vs 52%, p=0.06) (did not
reach statistical significance) compared with patients with
normal microvascular function. The two groups matched
3
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Variable

Normal microvascular
endothelial function
(n=199)

Microvascular endothelial
dysfunction
(n=258)

P value

Age, years
Men, n (%)

51.9±12.3
66 (33)

54.4±11.6
78 (30)

0.03
0.50

Vascular disease, n (%)

16 (8)

22 (9)

5

Hypertension, n (%)

76 (38)

109 (43)

0.34

Diabetes, n (%)

15 (8)

24 (9)

0.50

116 (59)

148 (58)

0.78

60 (31)

61 (24)

0.13

Hyperlipidaemia, n (%)
Depression, n (%)
Smoking status, n (%)

0.03

 Never smoked

98 (49)

150 (58)

 Former smoker

77 (39)

93 (36)

 Current smoker

23 (12)

15 (6)

Height, cm

168.6±10.0

Weight, kg

79.8±19.1

80.6±20.3

0.68

Body mass index

28.0±6.1

28.5±6.3

0.38

Haemoglobin, g/L

135±13

135±13

0.60

Glucose, mg/dL, median (Q1, Q3)

95.0 (88.0, 105.0)

96.0 (89.0, 104.0)

0.49

Creatinine, mg/dL, median (Q1, Q3)

1.0 (0.9, 1.1)

167.6±9.2

1.0 (0.9, 1.1)

0.29

0.58

Total cholesterol, mg/dL

194.5±47.1

191.4±43.4

0.49

LDL-C, mg/dL

111.2±39.4

110.1±38.1

0.77

HDL-C, mg/dL

54.4±16.8

54.4±16.1

1.00

Triglycerides, mg/dL, median (Q1, Q3)
hsCRP, mg/L, median (Q1, Q3)

121.0 (85.0, 176.5)
0.5 (0.2, 1.6)

113.5 (81.0, 171.0)
0.6 (0.2, 1.9)

0.32
0.65

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; hsCRP, high-sensitivity C reactive
protein.
Table 2 Medication use, by microvascular function

Variable

Normal microvascular
endothelial function
(n=199)

Microvascular endothelial
dysfunction
(n=258)

P value

Aspirin use, n (%)
ACE inhibitor use, n (%)

85 (43)
33 (17)

133 (52)
40 (16)

0.06
0.75

Beta-blocker use, n (%)

52 (26)

81 (31)

0.22

Calcium channel blocker use, n (%)

68 (34)

88 (34)

0.96

Lipid-lowering drug use, n (%)

66 (33)

111 (43)

0.03

Antiarrhythmic use, n (%)

14 (7)

20 (8)

0.77

Anticoagulant use, n (%)

18 (9)

34 (13)

0.18

Antihypertensive use, n (%)

41 (21)

60 (23)

0.50

Nitrates use, n (%)

67 (34)

93 (36)

0.60

Diuretics use, n (%)

33 (17)

45 (17)

0.81

7 (4)
5 (3)

14 (5)
8 (3)

0.33
0.71

Oral hypoglycaemic use, n (%)
Insulin use, n (%)

well on the frequency of use of other cardiac medications
including beta-blockers, ACE inhibitors use and calcium
channel blockers (table 2).
4

Microvascular and epicardial endothelial function
Patients in the microvascular coronary dysfunction group
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Table 1 Baseline patient characteristics, by microvascular function

Coronary artery disease

Quality of life
At the time they were surveyed, patients who were diagnosed and treated for microvascular endothelial dysfunction experienced higher overall mental composite score
(44.8 vs 40.9, p=0.036) and mental health (44.2 vs 40.7,
p=0.047), and a trend towards higher vitality (39.1 vs 35.9,
p=0.053) and role emotional (43.6 vs 40.4, p=0.073),
compared with patients with normal endothelial function
(table 3 and figure 2).
Subgroup analysis of women
On subgroup analysis, women with microvascular
endothelial dysfunction had similar baseline characteristics, frequency of cardiovascular risk factors, inflammatory
markers and use of cardiovascular medication compared
with women with normal microvascular endothelial function.
On QOL analysis women diagnosed and treated for
microvascular endothelial dysfunction had a higher physical function (44.5 vs 40.4, p=0.039), general health (43.4
vs 38.7, p=0.016) and vitality (42.1 vs 37.3, p=0.008), and
a trend towards higher overall mental composite score
(46.8 vs 43.4, p=0.08), overall physical composite score

(41.1 vs 37.3, p=0.05), role emotional (46.5 vs 43.2,
p=0.09), social function (44.8 vs 41.4, p=0.08) and role
physical (42.1 vs 38.9, p=0.09), compared with women
with normal endothelial function (table 4 and figure 3).
Discussion
The current study demonstrated that among patients with
chest pain and non-obstructive CAD, QOL with respect to
measures of mental well-being during long-term follow-up
is better in those patients who were assessed, diagnosed
and received treatment for microvascular endothelial
dysfunction compared with those who are found to have
normal endothelial function. The current study suggests
that assessment and treatment of microvascular angina
may improve their QOL.
Patients with chest pain and non-obstructive CAD have
been shown to have high morbidity and mortality than
previously thought.26 27 These patients constitute a large
percentage (up to 50%) of patients who undergo coronary angiography studies for suspected myocardial ischaemia.28 These patients face diagnostic uncertainty and
are high users of healthcare resources,26 29 30 due to the
perceived need for frequent hospitalisation and multiple
angiograms.31 They also have poor QOL, functional
disability and limitations in activities of daily living.26 32 33
The aetiologies for chronic chest pain encompass
a wide array of potential diagnoses, including cardiac
and non-cardiac causes. Recent evidence suggests ischaemia due to coronary microvascular or macrovascular
endothelial dysfunction34–37 may play a role, especially in
women.28 37–40 Furthermore, the presence of microvascular dysfunction is associated with adverse cardiovascular

Table 3 Endothelial function and Short Form (36) Health (SF-36) survey results, by microvascular function

Variable

Normal microvascular
endothelial function
(n=199)

Microvascular
endothelial dysfunction
(n=258)

P value

% change CBF (ACh)
% change CAD (ACh)

132.9±80.0
−3.8±15.2

−12.0±35.7
−25.7±20.5

<0.001
<0.001

149 (58)

<0.001

% change CAD ≤−20%, n (%)
Coronary flow reserve
Months from study to survey, mean±Standard Deviation

32 (16)
2.93±0.74
85.5±55.4

2.76±0.67
82.7±48.2

0.01
0.27

SF-36 Std. Physical component score, mean±SD

37.0±19.5

38.7±17.7

0.33

SF-36 Std. Mental component score, mean±SD

40.1±20.1

43.9±18.1

0.04

Physical functioning, age-adjusted and sex-adjusted, mean±SD

39.5±20.4

41.9±18.3

0.19

Role physical, age-adjusted and sex-adjusted, mean±SD

37.0±19.4

39.2±17.6

0.20

Body pain, age-adjusted and sex-adjusted, mean±SD

37.6±18.2

39.3±16.7

0.28

General health, age-adjusted and sex-adjusted, mean±SD

37.8±19.6

40.2±17.7

0.16

Vitality, age-adjusted and sex-adjusted, mean±SD

36.0±17.9

39.1±17.0

0.05

Social function, age-adjusted and sex-adjusted, mean±SD

39.3±20

42.2±18.3

0.11

Role emotional, age-adjusted and sex-adjusted, mean±SD
Mental health, age-adjusted and sex-adjusted, mean±SD

40.4±20.0
40.7±20.0

43.6±18.5
44.2±17.7

0.07
0.04

ACh, acetylcholine; CAD, coronary artery disease.
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had a lower mean per cent change in CAD after maximal
dose of ACh from baseline (greater vasoconstriction)
compared with patients with normal microvascular
endothelial function (−25.7% vs −3.8%, p<0.001). There
was also a higher percentage of patients with epicardial
endothelial dysfunction (58% vs 16%, p<0.001) in the
microvascular coronary dysfunction group compared
with the group with normal microvascular endothelial
function.

Open Heart

Table 4 Women and SF-36 results by microvascular function

Variable

Normal microvascular
endothelial function
(n=119)

Microvascular
endothelial dysfunction
(n=194)

P value

% chg CBF
% chg CBF ≤50%, n (%)

138.5±84.6
0 (0)

−2.1±47.1
180 (93)

<0.001
<0.001

0.3±12.4

−24.4±18.3

<0.001

0 (0)

112 (58)

<0.001

% chg CAD
%chg. CAD ≤ −20%, n (%)
Months from ACh study to survey, mean±SD

84.3±56.9

82.7±48.3

0.580

SF-36 Std. Physical component score, mean±SD

37.4±18.4

41.1±15.8

0.05

SF-36 Std. Mental component score, mean±SD

43.4±18.9

46.8±15.4

0.08

Physical functioning, age-adjusted and sex-adjusted, mean±SD

40.4±18.8

44.5±16.0

0.05

Role physical, age-adjusted and sex-adjusted, mean±SD

38.9±18.2

42.1±15.5

0.09

Body pain, age-adjusted and sex-adjusted, mean±SD

38.8±17.3

41.3±14.8

0.16

General health, age-adjusted and sex-adjusted, mean±SD

38.7±18.6

43.4±15.5

0.02

Vitality, age-adjusted and sex-adjusted, mean±SD

37.3±16.8

42.1±14.8

0.01

Social function, age-adjusted and sex-adjusted, mean±SD

41.4±18.8

44.8±16.2

0.09

Role emotional, age-adjusted and sex-adjusted, mean±SD
Mental health, age-adjusted and sex-adjusted, mean±SD

43.2±18.5
43.9±18.8

46.5±15.6
47.0±15.1

0.09
0.11

ACh, acetylcholine; CAD, coronary artery disease.
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Figure 2 Short Form (36) Health (SF-36) survey mental composite score, vitality and mental health in patients with
microvascular endothelial dysfunction compared with patients with normal microvascular functions.

Coronary artery disease

events and its treatment may lead to improved prognosis.4 The need for proper diagnosis of chest pain in
these patients is underscored by the recent guidelines
and endorsement by the European Society of Cardiology.
To our knowledge there are no studies in patients with
chest pain showing the effect of diagnosis and treatment
of microvascular endothelial dysfunction on QOL.
Our finding of higher QOL scores in patients with
microvascular endothelial dysfunction who were on
treatment compared with patients with normal endothelial function may seem paradoxical. Previous studies
have however found similar results. In one study women
with chest pain and myocardial ischaemia had a higher
QOL compared with women without.41 There are several
potential mechanisms for this observation. First, lack of
diagnosis for chest pain is a source of frustration for both
the physician and the patient. Conversely, establishment
of a diagnosis may alleviate anxiety for the patients, which
would lead to improvement in the measures within the
mental domains of QOL. Similar observations have also
been made in patients admitted to hospitals for evaluation of suspected myocardial infarction. Patients in
whom acute myocardial infarction was not confirmed
reported more cardiovascular symptoms of chest pain,
dyspnoea and palpitations, as well as more psychosomatic
and psychological parameters, at 1 year compared with
patients diagnosed with acute myocardial infarctions.42
Furthermore patients with unstable angina pectoris are
likely to experience poorer QOL following an acute
Reriani M, et al. Open Heart 2019;6:e000870. doi:10.1136/openhrt-2018-000870

hospitalisation than patients with other types of acute
coronary syndrome.43 Second, the treatment of microvascular dysfunction may relieve their symptoms, which
may improve QOL. Previous studies have shown that
treatment of angina is associated with improvement in
physical, mental and social domains of QOL.44 Third, the
paradoxical finding of better QOL in women with ischaemia compared with those without ischaemia41 45 may
also in part explain our finding. Patients able to exercise
to a sufficient workload to elicit an ischaemic response
may have better QOL because they are less functionally
impaired.41 The mechanism is thought to be due to less
functional impairment in women with myocardial ischaemia compared with women without myocardial ischaemia. We have previously shown that microvascular
coronary disease is associated with myocardial ischaemia in patients with non-obstructive coronary disease.4
Although we did not specifically measure the exercise
tolerance of our patients, it may be speculated that a
similar mechanism may play a role in patients with chest
pain and impaired microvascular function.
Persistent chest pain in the absence of coronary disease
is more prevalent in women.46 47 Indeed, we found in
our study a higher percentage of women having microvascular endothelial dysfunction compared with men. In
a subgroup analysis, the differences in QOL were more
marked among women. We speculate that microvascular
disease is thus more prevalent women, and its diagnosis
and treatment may have greater benefit compared with
7
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Figure 3 SF-36 physical functioning, vitality and general health in women with microvascular endothelial dysfunction
compared with women with normal microvascular functions.
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Limitations
There are several limitations to be mentioned. No baseline QOL scores were obtained. Although the characteristics of the two groups were similar at baseline, including
cardiovascular risk factors and medication use, we do not
have baseline QOL data for comparison. This precludes
stronger inference about the cause and effect of any findings. In addition there was no standardised treatment
protocol for patients with microvascular disease, and the
attending clinician determined the treatment based on
the patient’s risk factors. We thus cannot draw definite
conclusion on the effect of a specific treatment on QOL.
In addition, we were unable to ascertain the medication
use at follow-up and verify it with medical records because
many of the patients did not follow up in our institution.
Our study was not designed to measure healthcare
utilisation and functional status or to do cost analysis of
potential healthcare saving of diagnosis and treatment
of microvascular disease in patients with chest pain. This
would have provided more outcome benefits, which
could potentially be linked to improved QOL.
Conclusions
Among patients with chest pain and non-obstructive CAD
or normal coronary arteries, it is suggested that the diagnosis and subsequent treatment of patients found to have
microvascular disease may lead to an improvement in
QOL. These results support the use of coronary endothelial function testing by skilled operators in the diagnosis
of microvascular disease in patients with atypical chest
pain that is not due to obstructive CAD.
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