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Abstract

Background: For women presenting with stable chest pain (SCP), the appropriate risk assessment strategy to identify individuals unlikely
to benefit from further cardiovascular imaging testing (CIT) is debatable. Thus, the present study intended to compare two risk assessment
strategies in these individuals. Methods: 2592 women with SCP who underwent coronary computed tomography angiography (CCTA)
were divided into low and high risk group according to 2016 National Institute of Health and Care Excellence guideline-determined
strategy (NICE strategy) and 2019 European Society of Cardiology guideline-determined strategy (ESC strategy), respectively. The
associations of coronary artery disease (CAD), major adverse cardiovascular event (MACE) and other subsequent clinical outcomes with
risk groups and net reclassification improvement (NRI) were evaluated to compare different strategies. Results: Both NICE strategy
which focused on symptom evaluation and ESC strategywhichwas based on pretest probability (PTP) determined by ESC-PTPmodel and
coronary artery calcium score-weighted clinical likelihood (CACS-CL) model classified a proportion (34.49% and 63.97%, respectively)
of individuals into the low risk group. Compared to NICE strategy, ESC strategy indicated stronger associations between risk groups
and obstructive CAD (odds ratio: 27.63 versus 3.57), MACE (hazard ratios: 4.24 versus 1.91), more intensive clinical management as
well as a positive NRI (27.71%, p < 0.0001). Conclusion: Compared to NICE strategy, ESC strategy which sequentially incorporated
ESC-PTP model with CACS-CL model seemed to be associated with greater effectiveness in identifying individuals who may derive
maximum benefit from further CIT in women presenting with SCP.

Keywords: Risk assessment strategy; Stable chest pain; Coronary artery calcium score; Women; Pretest probability; Coronary computed
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1. Introduction

Coronary artery disease (CAD) is a previously under-
estimated cause of morbidity and mortality in women [1,2].
Major differences exist in the risk factors and clinical pre-
sentation in women compared tomen [3,4], which influence
designing an effective risk assessment strategy and evaluat-
ing the potential referral to cardiovascular imaging testing
(CIT) [5,6]. Recently, data from four large CIT-based clini-
cal trials demonstrated the discrepancy among high burden
of traditional risk factors, atypical symptom and low preva-
lence of obstructive CAD, highlighting the need for opti-
mal strateges to the evaluation and diagnosis of obstructive
CAD in women presenting with stable chest pain (SCP) [7–
10].

The 2016 U.K. National Institute of Health and
Care Excellence (NICE) guideline offered a strategy rec-
ommending coronary computed tomography angiography
(CCTA) for all individuals with typical and atypical angina
or abnormal electrocardiogram (ECG) [11]. However, this

symptom-based risk assessment strategy for SCP has been
controversial since release [12–14] and numerous studies
has indicated that atypical symptoms were more likely to be
a manifestation of SCP in women [3,4,7–10]. Separately,
the 2019 European Society of Cardiology (ESC) guideline
advocated an updated pretest probability (PTP) model and
recommended CIT for individuals with high ESC-PTP [15].
For individuals with borderline ESC-PTP, a new concept of
clinical likelihood (CL) incorporating risk factors of CAD
other than age, sex, and type of SCP was introduced [15]
and Winther et al. [16] developed two models for the es-
timation of CL: risk factor-weighted CL (RF-CL) model
and coronary artery calcium score (CACS)-weighted CL
(CACS-CL) model.

2016 NICE guideline-determined risk assessment
strategy (NICE strategy) [17,18], ESC-PTP model [19],
RF-CL model and CACS-CL model [16] has been exter-
nally validated in general SCP individuals. But to date,
no comparative analysis has been conducted to system-
atically evaluate NICE strategy and 2019 ESC guideline-
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Table 1. Characteristics by risk groups based on different strategies.
Total NICE strategy

p
ESC strategy

pLow High Low High

n = 2592 n = 894 n = 1698 n = 1658 n = 934

Agea 58.2 ± 10.8 56.9 ± 11.7 58.9 ± 10.9 <0.0001 56.8 ± 10.7 60.7 ± 11.3 <0.0001
Diabetes 570 (22) 172 (19) 398 (23) 0.0162 298 (18) 272 (29) <0.0001
Hypertension 1166 (45) 375 (42) 791 (47) 0.0268 680 (41) 487 (52) <0.0001
Hyperlipidemia 829 (32) 250 (28) 579 (34) 0.0017 448 (27) 382 (41) <0.0001
Smoking 441 (17) 125 (14) 316 (19) 0.0034 199 (12) 242 (26) <0.0001
Family history 881 (34) 286 (32) 595 (35) 0.1298 514 (31) 367 (39) <0.0001
Abnormal ECG 752 (29) 0 (0) 752 (44) <0.0001 448 (27) 304 (32) <0.0001

Symptom <0.0001 <0.0001
Nonanginal chest pain 934 (36) 894 (100) 40 (2) 746 (45) 188 (20)
Atypical anginal 1270 (49) 0 (0) 1270 (75) 812 (49) 458 (49)
Typical anginal 388 (15) 0 (0) 388 (23) 99 (6) 289 (31)

CACSb 3 (0–79) 2 (0–48) 14 (0–175) <0.0001 0 (0–25) 31 (3–254) <0.0001
Values are presented as n (%) unless stated otherwise.
NICE strategy, 2016 National Institute of Health and Care Excellence guideline-determined risk assessment strategy;
ESC strategy, 2019 European Society of Cardiology guideline-determined risk assessment strategy; ECG, electro-
cardiogram.
a years, mean ± standard deviation.
b median (25th–75th).

determined risk assessment strategy (ESC strategy) in
women with SCP, for whom the appropriate decision-
making of CIT was important but difficult [5,6]. Thus, we
aimed to compare the effectiveness of two newest risk as-
sessment strategies to optimize downstream clinical man-
agement in a CCTA-based cohort comprised of women pre-
senting with SCP.

2. Methods
2.1 Study population

In Tianjin Chest Hospital, 5289 individuals referred to
CCTA for assessment of SCP indicative of obstructive CAD
were included fromDecember 2015 to December 2017, and
details about the total cohort were presented as previously
described [20–22]. In this subgroup analysis, 2592 women
were included and followed up until December 2019.

2.2 Baseline data and risk assessment strategies

Baseline data including age, hypertension, hyperlipi-
demia, smoking, abnormal ECG and symptom were col-
lected as described previously [20–22]. SCP symptomwere
categorized as nonanginal chest pain, atypical angina, or
typical angina [23].

Based on each strategy, CIT should be not referred for
an individual at low risk. Details of risk groups in NICE
and ESC strategy were as follows [11,15]:

NICE strategy: Individuals with nonanginal SCP and
normal ECG were divided into low risk group. Individuals

with typical and atypical angina or nonanginal SCP with
abnormal ECG were divided into high risk group [11].

ESC strategy: PTP of obstructive CAD was deter-
mined according to the ESC-PTP model based on age, sex
and symptom [15]. Individuals with ESC-PTP <5% were
divided into low risk group and individuals with ESC-PTP
>15% were divided into high risk group. For individuals
with ESC-PTP between 5% and 15%, we selected CACS-
CL model incorporating clinical variables plus CACS [16].
Based on the data from original study of CACS-CL model,
CACS-CL <15% was associated with a low prevalence of
obstructive CAD (<5%). Thus, individuals with ESC-PTP
between 5% and 15% and CACS-CL <15% were divided
into low risk group and individuals with ESC-PTP between
5% and 15% and CACS-CLmodel>15%were divided into
high risk group.

For further investigation of the impact of CACS, we
also used RF-CL model which had the same clinical vari-
ables as CACS-CL model [16] to classify individuals with
ESC-PTP of 5–15%.

2.3 CACS and CCTA

The imaging data collection of CACS and CCTAwere
conducted as described previously [20–22,24]. Obstructive
CAD was defined as present if an individual had at least
one lesion with ≥50% diameter stenosis or any unassess-
able segments at CCTA. A positive individual was defined
as an individual who had obstructive CAD.
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Fig. 1. Distribution of CAD in different risk groups. NICE
strategy, 2016 National Institute of Health and Care Excellence
guideline-determined risk assessment strategy; ESC strategy,
2019 European Society of Cardiology guideline-determined risk
assessment strategy; CAD, coronary artery disease.

2.4 Follow up and clinical events

After CCTA, all individuals were followed at 6, 12,
24, 36 and 48 months by phone call or physician visit. The
primary endpoint was major adverse cardiovascular events
(MACE) and it was defined as cardiac death andmyocardial
infarction. Cardiac death was defined as any death caused
by cardiac disease or for which no other cause could be
found. Myocardial infarction was defined according to the
Fourth Universal Definition of Myocardial Infarction [25].
The changes of downstream clinical management within
60 days after CCTA were identified on electronic medi-
cal system and the secondary endpoint included increase of
medication (IM), invasive coronary angiography (ICA) and
coronary revascularization (CR). All endpoints were adju-
dicated via review of follow-up information and medical
records by an independent clinical event committee who
were blinded to other data.

2.5 Statistical analysis

R (version 3.2.4; R Foundation for Statistical Comput-
ing, Vienna, Austria) and MedCalc (version 15.2.2; Med-
Calc Software, Mariakerke, Belgium) were used for all sta-
tistical analyses. Student’s t-test and Mann Whitney U-test
were used to compare differences for continuous data as ap-
propriate. Fisher exact test or χ2 test were used to compare
categorical variables as appropriate. The reclassification ta-
ble was used to calculate net reclassification improvement
(NRI) which determined how a risk assessment strategy re-
classified individuals compared with another [26]. Cox re-
gression models were used to calculate hazard ratios (HRs)
and 95% confidence intervals (CIs), which assessed associ-
ation of risk groups to the time to the firstMACE (or censor-
ing). Kaplan–Meier curves were plotted for survival from

MACE and compared by log-rank test. All tests were wo-
tailed and p < 0.05 was statistically significant.

3. Results
3.1 Baseline characteristics

According to NICE strategy, of the 2592 women,
34.49% (894/2592) were divided into low risk group.
Among 855 individuals with ESC-PTP of 5–15%, 529 in-
dividuals had a CACS-CL <15%. Together with the 1129
individuals with ESC-PTP <5%, ESC strategy totally di-
vided 63.97% (1658/2592) women into low risk group. Ta-
ble 1 shows the distribution of clinical characteristics by
risk groups based on two strategies. Except family history,
differences of the other baseline characteristics were statis-
tically significant between two risk groups determined by
NICE strategy. Separately, all baseline characteristics had
significant differences in terms of ESC strategy.

3.2 Risk groups and CAD

As shown in Fig. 1, no, nonobstructive and obstruc-
tive CAD was found on CCTA in 493, 804 and 1295 in-
dividuals, respectively. Compared to individuals in low
risk group, individuals in high risk group had more obstruc-
tive CAD [NICE strategy: 8.39% (75/894) versus 24.62%
(418/1698), odds ratio: 3.57, 95% CI: 2.75–4.63, p <

0.0001; ESC strategy: 47.22% (441/934) versus 3.13%
(52/1658), odds ratio: 27.63, 95% CI: 20.37–37.46, p <

0.0001].

3.3 Primary endpoint

Individuals were followed for 25 (interquartile range:
20 to 32) months. During the follow-up, 87 individu-
als experienced MACE: 11 individuals died from cardiac
cause and 76 individuals suffered from nonfatal MI. Fig. 2
illustrates Kaplan–Meier estimates of individuals surviv-
ing free from MACE. High risk group according to both
NICE and ESC strategy had a significantly higher risk of
MACE, respectively (p for log-rank test: 0.0194 for NICE
strategy and 0.0001 for ESC strategy), but the association
of ESC strategy-determined risk groups (high versus low)
with MACE was stronger than that of NICE strategy (HR
for NICE strategy: 1.78, 95% CI: 1.09–2.90, p = 0.0221
and HR for ESC strategy: 5.10, 95% CI: 3.15–8.26, p <

0.0001).

3.4 Secondary endpoints

As shown in Fig. 3, 761 individuals were referred to
ICA after CCTA and 163 individuals underwent CR. In both
strategies, rates of three secondary endpoints were signifi-
cantly (p < 0.0001 for all) higher in the high risk groups
than those in the low risk groups. The association of CR to
risk groups in ESC strategy was conspicuously strong (OR:
6.36, 95% CI: 4.39–9.20, p < 0.0001).
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Fig. 2. Kaplan–Meier curves comparing high and low risk groups determined by NICE and ESC strategy. Abbreviations as in
Fig. 1.

Fig. 3. Rates for secondary endpoints in low and high risk groups determined by NICE and ESC strategy. IM, Increase of medica-
tion; CR, coronary revascularization; ICA, invasive coronary angiography; OR, odds ratio; CI, confidence interval; Other abbreviations
as in Fig. 1.

3.5 Reclassification table and NRI

In Table 2, compared to NICE strategy, ESC strategy
correctly divided 843 from high to low risk, but 56 from low
to high in the 2099 negative individuals. Of the 493 positive
individuals, 36 were correctly divided to high risk but 13 to
low. Thus, compared to NICE strategy, the NRI for ESC
strategy was 37.49% for negative, 4.66% for positive, and
42.15% for all (p < 0.0001).

When replacing CACS-CL model with RF-CL model
in individuals with borderline ESC-PTP and comparing
ESC strategy (without CACS) to NICE strategy in Table 3,
only 224 negative individuals were correctly reclassified
into low risk by ESC strategy (without CACS) and the NRI
was attenuated markedly (7.05% in negative and 8.47% in

all). Thus, comparing ESC strategy to NICE strategy in Ta-
ble 2, the correct reclassification of 843 negative individu-
als should be in large measure (73.43%, 619/843) attributed
to the application of CACS in 855 individuals with border-
line ESC-PTP. Moreover, only 1 of the 619 individuals suf-
fered from nonfatal myocardial infarction and no individual
died in the follow-up.

4. Discussion
In this CCTA-based cohort comprised of women with

SCP, we demonstrated that based on current two risk assess-
ment strategies, low risk groups were associated with fewer
obstructive CAD,MACE and changes of downstreamman-
agement than high risk groups did. Compared to NICE
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Table 2. Reclassification table comparing NICE and ESC strategy.
Risk groups by ESC strategy

Total
Reclassificationa

NRIb p
Low High Up Down

Risk groups by NICE strategy

Negative patients 2.67% 40.16% 42.15% <0.0001
Low 763 56 819
High 843 437 1280

Total 1606 493 2099

Positive patientsc 7.30% 2.64%
Low 39 36 75
High 13 405 418

Total 52 441 493
NICE strategy, 2016 National Institute of Health and Care Excellence guideline-determined strategy;
ESC strategy, 2019 European Society of Cardiology guideline-determined strategy; CAD, coronary
artery disease; NRI, net reclassification improvement.
aThe reclassification of patients by the horizontal strategy was compared to that by the vertical one.
bNRI = [P(Up | Positive)- P(Down | Positive)]-[ P(Up | Negative)- P(Down | Negative)].
cA positive patient was defined as a patient who had obstructive CAD.

strategy which focused on symptom evaluation, ESC strat-
egy seemed to be associated with greater effectiveness in
identifying individuals at low risk. The superiority of ESC
strategy could be mainly due to the application of CACS in
individuals with borderline ESC-PTP, suggesting that a se-
quential instrument incorporating CACS with PTP estima-
tion might offer effective deferral for CIT in women pre-
senting with SCP.

In the present study, NICE strategy seemed to be as-
sociated with less effectiveness in identifying individuals at
low risk compared to ESC strategy. It has been well estab-
lished that women more often had traditional risk factors,
atypical symptoms which might result from the low ability
to exercise maximally and high prevalence of nonobstruc-
tive and small vessel disease, and lower rates of obstruc-
tive CAD than men [3,7]. In line with these, only 19.02%
(493/2592) individuals had obstructive CAD detected on
CCTA and nearly half (49.00%, 1270/2592) reported atypi-
cal anginal in this study. Thus, although NICE strategy im-
proved clinical outcomes compared to traditional strategies
in general SCP individuals [17,18], the suboptimal perfor-
mance of NICE strategy may, to a large extent, be attributed
to the insufficient power of symptom evaluation alone in
women with SCP.

Among the new predictors of obstructive CAD, CACS
has been proved to offer the most incremental information
of diagnosis and prognosis above traditional cardiovascular
risk factors [27–29]. Moreover, there was a significant in-
crease in clinically useful reclassification when CACS was
added to the risk assessment for women [30]. Thus, to per-
mit more accurate risk assessment in women with a border-
line ESC-PTP, we used CACS-CL model which incorpo-
rated clinical variables plus CACS and revealed the most

robust determination of PTP among proposed models [16].
We also replaced CACS-CL model by RF-CL model which
had the same clinical variables as CACS-CLmodel [16] and
found that the additional application of CACS made a ma-
jor contribution to the remarkably risk assessment improve-
ment of ESC strategy. This paradigm incorporating CACS
for borderline individuals showed paramount safety accord-
ing to the extremely low likelihood (3.14%, 52/1658) of
obstructive CAD and rate (1.33%, 22/1658) of cardiovas-
cular events in low risk group. In this context, more em-
phasis should be placed on ESC strategy for the effective
identification of women with SCP who may derive mini-
mal benefit from further CIT in clinical practice. It also
bears mentioning that ESC strategy would avoid unneces-
sary CIT at the expense of additional CACS scans. Thus,
cost-effectiveness evaluation of this attractive risk assess-
ment strategy for women with SCP is needed in the further.

5. Limitations
Although this is the first study to evaluate current

risk assessment strategies for women with SCP, several
issues merit consideration. First, this study was an ob-
servational cohort. Clinical management of individuals
before and after CCTA were relied on local physician.
Thus, whether ESC strategy will lead to more appropriate
decision-making of downstream referral and better clini-
cal outcomes for women with SCP need to be addressed
in future studies, such as randomized controlled trials. Sec-
ond, accumulating evidence support strategies which sug-
gests widespread CACS screening [8,30], such as the strat-
egy applying CACS-CL to the entire SCP women [31].
Cost-effectiveness of this strategy warrant further evalua-
tion. Third, using data from PROMISE cohort, Fordyce et
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Table 3. Reclassification table comparing ESC strategy (without CACS) and NICE strategy.
Risk groups by ESC strategy (without CACS)

Total
Reclassificationa

NRIb p
Low High Up Down

NICE strategy

Negative patients 3.62% 10.67% 8.47% <0.0001
Low 743 76 819
High 224 1056 1280

Total 967 1132 2099

Positive patientsc 3.65% 2.23%
Low 57 18 75
High 11 407 418

Total 68 425 493
NICE strategy, 2016 National Institute of Health and Care Excellence guideline-determined strategy;
ESC strategy, 2019 European Society of Cardiology guideline-determined strategy; CACS, coronary
artery calcium score; CAD, coronary artery disease; NRI, net reclassification improvement.
aThe reclassification of patients by the horizontal strategy was compared to that by the vertical one.
bNRI = [P(Up | Positive)- P(Down | Positive)]-[ P(Up | Negative)- P(Down | Negative)].
cA positive patient was defined as a patient who had obstructive CAD.

al. [32] developed a new tool to identify individuals de-
riving minimal value from CIT. Although the PROMISE
minimal risk tool [33] has been externally validated, no re-
cent clinical guideline recommends it as the risk assess-
ment tool for individuals with SCP. Forth, this analysis
focused on the presence of obstructive CAD documented
by CCTA. Previous studies have demonstrated that CCTA
had a high negative predictive value compared with inva-
sive coronary angiogram [34,35]. So CCTA could offer ro-
bust reassurance for both strategies to exclude obstructive
CAD. Moreover, we defined unassessable segments as pos-
itive ones based on current guideline recommendations in
which further testing should be referred for nonconclusive
CCTA. Fifth, some female-specific risk factors, such as es-
trogen status and gestational diabetes mellitus, have shown
the potential to improve risk assessment for women [36].
However, additional tests are needed for these attractive
biomarkers and cost-effectiveness of them warrant further
evaluation. Finally, the long-term follow-up information
of secondary outcomes, such as compliance of medication
were not collected.

6. Conclusions

Compared to symptom-focused strategy, ESC strategy
which sequentially amalgamated CACS with PTP estima-
tion might have more potential to effectively identify indi-
viduals who may derive minimal benefit from further CIT
in women presenting with SCP potentially related to ob-
structive CAD. For more accurate and convenient risk as-
sessment in these individuals, investigations with compre-
hensive and rigorous design are needed in the future.
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