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AbsTrACT
Objective to assess sex-specific differences regarding 
use of conventional risks and coronary artery calcification 
(cac) to detect coronary artery disease (caD) using 
coronary ct angiography (ccta).
Methods the nationwide gender-specific 
atherosclerosis Determinants estimation and ischemic 
cardiovascular Disease Prospective cohort study is 
a prospective, multicentre, nationwide cohort study. 
candidates with suspected caD aged 50–74 years 
enrolled from 2008 to 2012. the outcome was 
obstructive caD defined as any stenosis ≥50% by ccta. 
We constructed logistic regression models for obstructive 
caD adjusted for conventional risks (clinical model) and 
cac score. improvement in discrimination beyond risks 
was assessed by c-statistic; net reclassification index 
(nri) for caD probability of low (<30%), intermediate 
(30%–60%) and high (≥60%); and risk stratification 
capacity.
results among 991 patients (456 women, 535 men; 
65.2 vs 64.4 years old), women had lower cac scores 
(median, 4 vs 60) and lower caD prevalence (21.7% 
vs 37.0%) than men. cac significantly improved model 
discrimination compared with clinical model in both 
sexes (0.66–0.79 in women vs 0.61–0.83 in men). the 
nri for women was 0.33, which was much lower than 
that for men (0.71). adding cac to clinical model had a 
larger benefit in terms of moving an additional 43.3% 
of men to the most determinant categories (high or low 
risk) compared with −1.4% of women.
Conclusions the addition of cac to a prediction model 
based on conventional variables significantly improved 
the classification of risk in suspected patients with caD, 
with sex differences influencing the predictive ability.
Trial registration number UMin-ctr clinical trial: 
UMin000001577.

InTrOduCTIOn
In recent decades, there is growing public aware-
ness that cardiovascular disease is an important 
disease in women and that evidence for sex-specific 
optimal diagnostic evaluation and management 
strategies is needed in patients suspected of having 
coronary artery disease (CAD).1 2Compared with 
men, women more often report rare symptoms,3 
thus making it difficult to evaluate symptoms and 
precisely predict the likelihood of CAD in women.4 

In addition, undertesting and undertreatment for 
CAD lead to higher case fatality rates and increase 
morbid complications among women.2 This is 
partly because pathophysiology of atherosclerosis 
differs between sexes.5 Thus, considering sex-spe-
cific data is important when designing an effective 
diagnostic method and evaluating the potential uses 
of any cardiac test.6 

The measurement of coronary artery calcifi-
cation (CAC) is a direct marker of the burden of 
atherosclerosis.7 Among symptomatic patients, 
CAC generally has a high sensitivity and negative 
predictive value for excluding significant CAD 
and subsequent adverse cardiovascular events 
when performed in low-risk and intermediate-risk 
patients.8 9 Although there are previous studies 
about associations between CAC and CAD, and 
the prognostic impact of CAC for cardiovascular 
outcomes, the sex-specific impact of CAC for CAD 
diagnosis is unclear.9–11

Our aim was to assess sex differences and the 
diagnostic value of CAC for CAD in a large, multi-
centre, prospective cohort study of suspected CAD.

MeThOds
The Nationwide Gender-specific Atherosclerosis 
Determinants Estimation and Ischemic Cardiovas-
cular Disease Prospective Cohort (NADESICO) 
study is a prospective, multicentre, cohort 
study. All patients were provided with written 
information on the purpose and methods of the 
study, and they signed a written consent form 
before participation.

setting and participants
Patients were recruited from cardiology depart-
ments of participating centres. Baseline recruitment 
was conducted between December 2008 and April 
2013 among 15 hospitals in Japan (online supple-
mentary figure 1). Participants with suspected CAD 
in a stable setting, who had appropriate indications 
for plain CT and coronary CT angiography (CCTA), 
aged 50–74 years and without a history of myocar-
dial infarction or coronary artery revascularisation, 
were eligible (online supplementary appendix 1). 
Following the exclusion of seven patients because 
six patients were excluded with missing data and it 
was difficult to assess obstructive CAD by CCTA in 
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one due to circumferential severe calcification, we finally studied 
991 patients (figure 1).

data collection and measurements
The following clinical data of diagnostic and therapeutic 
measures were collected by local investigators in the case report 
forms and sent to the data centre at the National Cerebral and 
Cardiovascular Center. Data on smoking habit, medical condi-
tions and reproductive history were collected through a self-re-
ported questionnaire at baseline. Laboratory measurements 
included complete blood count, lipid profiles and levels of 
fasting plasma glucose.

CT was performed for all patients using 64 or more chan-
nels with electrocardiography (ECG) gating according to the 
established guideline from the Japanese Circulation Society 
and institutional protocols. The images in Digital Imaging and 
Communications in Medicine format were transferred to the 
National Cerebral and Cardiovascular Center and interpreted in 
a blinded fashion by an independent core laboratory. A single 
radiologist with extensive experience in coronary CT blinded to 
all clinical data interpreted the scans with the CAC score, using 
the Agatston method.

Outcomes
The outcome was obstructive CAD, defined as one or more 
vessels with at least 50% luminal diameter stenosis found using 
CCTA.

statistical analysis
We randomly allocated two-thirds of patients to the derivation 
dataset and the remaining third to the validation dataset (online 
supplementary table 1). We used logistic regression model in the 
derivation dataset to calculate the predicted probability based 
on standard Framingham risk factors (age, systolic blood pres-
sure, use of blood pressure-lowering medication, total choles-
terol, high-density lipoprotein cholesterol and current smoker) 
stratified by sex (clinical model).12 To assess the incremental 
diagnostic value of the CAC score with respect to conventional 
risk factors, we added log-transformed CAC score (CAC model). 
We also analysed results for CAC at clinically relevant thresh-
olds: 0, >0, ≥100 or ≥400.13 We applied the risk equations 
obtained from the derivation cohort to the validation cohort and 
calculated measures of discrimination using C-statistic (online 
supplementary table 2). We compared the clinical model with 
the CAC model by using C-statistic and net reclassification 

improvement (NRI).14 The NRI estimates were based on the 
reclassification tables classifying participants into the proba-
bility of CAD categories of low (<30%), intermediate (30%–
<60%) and high (≥60%)15 using a STATA command ‘incrisk’. 
We plotted the probability of CAD predicted by the CAC model 
(conventional risks and CAC) against the probability of CAD 
predicted by the model that included only the conventional risks 
(clinical model).14 Finally, we evaluated the risk stratification 
capacity that measures a model’s capacity to allocate participants 
from intermediate-risk categories to the highest and lowest risk 
categories.16

We did a sensitivity analysis using altering clinical model4 17 18 by 
selecting references from the recently updated guidelines (online 
supplementary appendix 2).6 As we expected existing models 
to perform suboptimally in our population with the C-statistics 
between 0.58 and 0.66 (online supplementary table 4),10 19 20 
we further updated those models (online supplementary table 
5). In sensitivity analyses, we used a multivariable random-effect 
logistic regression model with a random intercept to allow for 
heterogeneity in CAD prevalence across hospitals.

All analyses were performed using STATA V.13.1.

resulTs
study population
The study included 991 patients (456 women and 535 men). 
Table 1 shows characteristics of both sexes of the study popula-
tion. Women were older than men (65.2 vs 64.4 years, P=0.047) 
and had lower CAC scores than men (median CAC score, 4 vs 
60, P<0.001). Nearly half of women had a CAC score of 0, and 
a severe CAC score of ≥400 was less frequent (6.1%). In men, 
a CAC score >0 to <100 was most prevalent (33.6%), and the 
other scores were similarly prevalent.

Outcomes
We observed 297 patients with obstructive CAD, and men had a 
higher prevalence of CAD (21.7% vs 37.0%, P<0.001). Figure 2 
shows frequencies of each CAC category stratified by the pres-
ence of CAD and sex. Women with CAD were evenly divided 
between those with CAC scores <100 and those with CAC 
scores ≥100. However, half of men with CAD had severe CAC 
(≥400), and only one-quarter of those had CAC scores <100. 
A score of 0 could not exclude CAD in both sexes, especially 
women with CAD had a higher prevalence of a score of 0 than 
men (13.1% vs 3.0%).

Prediction of obstructive CAd by CAC
CAC was significantly associated with CAD in both sexes. The 
adjusted OR for obstructive CAD was 1.59 (95% CI 1.35 to 1.86; 
P<0.001) in women and 1.77 (95% CI 1.55 to 2.04; P<0.001) 
in men (table 2). There was also a significant increased risk for 
CAD between those with a CAC score of 0 and categorical CAC 
(OR for CAC score of >0 to <100, 100 to <400 and ≥400; 
3.52, 10.74 and 18.11 in women; 8.40, 26.53  and  83.04 in 
men; table 2).

discrimination and reclassification of CAd
After adding CAC to the clinical model, the C-statistics signifi-
cantly improved in both women and men (C-statistic for risk 
factors only in women: 0.66 (95% CI 0.58 to 0.73); C-statistic 
after the addition of continuous CAC in women: 0.79 (95%  CI 
0.73 to 0.85); C-statistic for risk factors only in men: 0.61 (95%  
CI 0.55 to 0.67); C-statistic after the addition of continuous 

Figure 1 Study flow chart. CAD, coronary artery disease; CCTA, 
coronary CT angiography; NADESICO, Nationwide Gender-specific 
Atherosclerosis Determinants Estimation and Ischemic Cardiovascular 
Disease Prospective Cohort study.
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CAC in men: 0.83 (95%  CI 0.78 to 0.87); P value for the differ-
ence between models: P<0.001 each) (table 3).

Figure 3 shows the probability of CAD predicted by the 
CAC model that included CAC against the probability of CAD 
predicted by the clinical model that included only conventional 
variables. Horizontal and vertical lines were added at 30% and 
60% to indicate thresholds of the predicted risk at which a 
treatment strategy may change as recommended in the guide-
line. Regarding probability predicted by the clinical model, 
most women (n=239, 81.3%) had a low probability for CAD 
(<30%), whereas 55 women (18.7%) had an intermediate prob-
ability (30%–60%) (figure 3A, online supplementary table 3). Of 
367 men, the largest category was intermediate (n=278, 75.7%), 
whereas 89 men (24.3%) had a low probability (figure 3B). For 
women who appear in the sections on the diagonal (grey area), 
their risk category was not changed by the addition of CAC to 
the prediction model. For those in sections off the diagonal, 
their risk category was changed with the addition of CAC to the 
prediction model (blue or pink outline). Overall, 57 women and 

112 men were reclassified to a higher risk category (figure 3), 
with a CAD prevalence of 49.1% in women and 69.6% in men. 
Twenty women and 104 men were reclassified to a lower risk 
category (figure 3), with a CAD prevalence of15.0% in women 
and 13.5% in men. The NRI, hence, was 0.33 for women, which 
was much lower than the value (0.71) for men.

We separately evaluated the clinically meaningful reclassifica-
tions, which would presumably have a larger effect on clinical 
decisions.21 After adding the CAC score in the clinical model, 19 
women and 87 men were reclassified as having high risk, and 13 
(68.4%) women and 68 (78.2%) men had CAD. 

risk stratification capacity
Figure 4 shows the risk stratification capacity of the CAC model. 
While the clinical model puts 18.7% of women and 75.7% of 
men at intermediate risk, the intermediate-risk values in the CAC 
model are 20.1% for women and 32.4% for men (figure 4A). 
Therefore, adding CAC to the clinical model has a larger benefit 

Table 1 Patient characteristics

Characteristic Women (n=456) (n (%)) Men (n=535) (n (%)) P value

Mean (SD) age, years 65.2 (6.5) 64.4 (6.6) 0.047

Current smoker 34 (7.5) 99 (18.5) <0.001

Current or past 
smoker

87 (19.1) 432 (80.8) <0.001

A history of CAD 19 (4.2) 56 (10.5) <0.001

Hypertension 185 (40.6) 215 (40.2) 0.902

Diabetes mellitus 114 (25.0) 171 (32.0) 0.016

Dyslipidaemia 318 (69.7) 372 (69.5) 0.944

Mean (SD) body mass 
index, kg/m2

23.6 (3.7) 24.4 (3.2) <0.001

Overweight and 
obesity* 

141 (30.9) 204 (38.1) 0.018

Oestrogen status† 23 (5.0) – –

Mean (SD) systolic 
blood pressure, mm 
Hg

134.6 (18.6) 134.7 (17.5) 0.935

Mean (SD) total 
cholesterol, mg/dL 

211.4 (35.1) 193.5 (32.7) <0.001

Mean (SD) HDL 
cholesterol, mg/dL 

60.8 (15.1) 52.4 (12.6) <0.001

Coronary calcium score

  Median (IQR) 4 (0–78) 60 (1–302) <0.001

  Mean (SD) log 
transformed‡ 

2.17 (2.32) 3.64 (2.56) <0.001

  0 204 (44.7) 120 (22.4) <0.001

  >0 to <100 153 (33.6) 180 (33.6)

  100 to <400 71 (15.6) 122 (22.8)

  ≥400 28 (6.1) 113 (21.1)

Obstructive CAD 99 (21.7) 198 (37.0) <0.001

Obstructive CAD in patients with

  CAC=0 13 (6.4) 6 (5.0) <0.001

  CAC >0 to <100 34 (22.2) 45 (25.0)

  CAC 100 to <400 33 (46.5) 56 (45.9)

  CAC ≥400 19 (67.9) 91 (80.5)

*Defined as BMI 25  kg/m2 or over. 
†Oestrogen status was considered positive if women were premenopausal or had 
oral oestrogen replacement therapy , and negative if they were postmenopausal 
and were not on oestrogen replacement therapy. 
‡Natural logarithm of coronary calcium score + 1 . 
CAC, coronary artery calcification; CAD, coronary artery disease; HDL, high-density 
lipoprotein.

Figure 2 Prevalence of each CAC category stratified with and without 
CAD by sex: (A) women and (B) men. Dark area=with obstructive CAD; 
light area=without obstructive CAD. CAC, coronary artery calcification; 
CAD, coronary artery disease.
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in terms of moving an additional 43.3% of men, compared with 
−1.4% of women, to the most determinant, highest and lowest 
risk categories. With the addition of CAC to the clinical model, 
an additional 21.0% of women and 50.0% of men with CAD 
were reclassified as having high risk (figure 4B), and an addi-
tional −3.4% of women and 31.2% of men without CAD were 
reclassified as having low risk (figure 4C).

sensitivity analysis
The sensitivity analysis using different models did not change 
the overall conclusions (online supplementary tables 5 and 6 and 
online supplementary figures 2 and 3).

dIsCussIOn
The NADESICO study demonstrates that CAC, when added 
to traditional clinical risks, results in significant improvement 
in the classification of CAD presence in both women and men. 
Men achieved a higher NRI and risk stratification capacity than 
women did, and therefore, appeared to benefit the most from a 
CAC-based diagnostic strategy. Women, who were reclassified 
as having high risk, benefited from risk stratification using the 
CAC model. This study provides strong evidence that there is a 
significant increase in clinically useful reclassification when CAC 
is added to risk assessment and addresses an important issue that 
sex differences should be taken into account.

CAC is part of the development of atherosclerosis and occurs 
almost exclusively in atherosclerotic arteries; therefore, the CAC 
score is a direct marker of the burden of atherosclerosis.6 22 
Previous studies consistently showed that women demonstrated 
less prevalence and less severity of CAC than men do.21 23–26 Simi-
larly, in the current series, women had lower CAC scores than 
men did: scores >0 in 55.3% of women versus 77.6% of men 
and ≥400 in only 6.1% of women versus 21.1% of men. One 
recent study in a large population of patients that underwent 
clinically indicated cardiac catheterisation and optical coherence 
tomography showed sex differences in plaque microstructure, 
and women exhibited a lower prevalence of calcification.5 These 

sex differences in the occurrence of coronary calcium and plaque 
microstructure support the association of CAC with coronary 
atherosclerosis and underline the importance of sex-specific 
analyses when evaluating the potential utility of CAC.

The use of measuring CAC in patients suspected as having 
CAD has been widely studied and discussed in-depth, as seen 
in the American Heart Association statement.2 6 However, there 
are limited data broadly specific to women on the relationship 
between CAC and CAD, and the results are controversial. One 
previous study with 1764 patients (539 women) with suspected 
CAD from a single centre showed that there was a significant 
difference in CAC between men and women, and the reliability 
of calcium testing in predicting significant stenosis was equally 
effective in men and women.21 Another study with 2115 patients 
(711 women) with suspected CAD from a single-centre study 
showed a similar area under the receiver operating charac-
teristic curve stratified by sex, but it did not assess its differ-
ence.27 Nevertheless, another previous study of 1851 patients 
(682 women) with suspected CAD demonstrated that although 
diagnostic performance was similar between women and men, 
the specificity of the criterion of CAC for detecting obstructive 
CAD was significantly better in women than in men.23 Thus, the 
sex-specific impact of CAC for CAD diagnosis is unclear.

To assess sex differences in the effects of the addition of new 
factors on the predictive ability of a model, statistical consid-
eration was needed. The sex-modifiable relationship between 
CAC and the development of CAD, including the strength of 
the base model and the prevalence of CAD in the population 
under consideration, suggests that the evaluation of model 
performance may also vary by sex, depending on the measure 
of predictive ability being evaluated.1 In the past three decades, 
the most commonly used measure to quantify the improvements 
in prediction models has been the change in the area under 
the receiver operating characteristic curve.14 However, recent 
studies have emphasised the limitation of the area under the 
receiver operating characteristic curve, including the difficulty 
in interpreting the usually small changes in this statistic and the 

Table 2 Logistic regression analysis in the derivation cohort

Women Men

Or (95% CI) P value Or (95% CI) P value

Clinical model*+CAC continuous† 1.59 (1.35 to 1.86) <0.001 1.79 (1.56 to 2.06) <0.001

Clinical model*+CAC categorical

  0 Reference Reference Reference Reference

  >0  to <100 3.52 (1.50 to 8.29) 0.004 8.40 (2.44 to 28.87) 0.001 

  100 to <400 10.74 (4.01 to 28.81) < 0.001 26.53 (7.67 to 91.82) < 0.001 

  ≥ 400 18.11 (5.18 to 63.32) < 0.001 83.04 (22.88 to 301.40) < 0.001 

*Clinical model includes age, systolic blood pressure, use of blood pressure-lowering medication, total cholesterol, high-density lipoprotein cholesterol and current smoker.
†CAC continuous=ln(CAC score+1).
CAC, coronary artery calcification.

Table 3 Discrimination and reclassification of CAC for CAD

Model

Women Men

C-statistic (95% CI) nrI reclassification (%) C-statistic (95% CI) nrI reclassification (%)

Clinical model* 0.66 (0.58 to 0.73) – – 0.61 (0.55 to 0.67) – – 

+CAC continuous† 0.79 (0.73 to 0.85) 0.33 24.8 0.83 (0.78 to 0.87) 0.71 58.6

+CAC categorical 0.78 (0.72 to 0.85) 0.26 22.5 0.82 (0.78 to 0.86) 0.69 62.7

*Clinical model includes age, systolic blood pressure, use of blood pressure-lowering medication, total cholesterol, high-density lipoprotein cholesterol and current smoker.
†CAC continuous=ln (CAC score+1).
CAC, coronary artery calcification; CAD, coronary artery disease; NRI, net reclassification index.
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relation of the magnitude of improvement to the performance 
of the baseline model.28 29 Despite the lower absolute risk of 
CAD, risk prediction scores, as measured by the area under the 
receiver operating characteristic curve, have been observed to 
be higher in women than in men. Therefore, it is necessary to 
understand sex differences in the epidemiological and statistical 
determinants of the performance of risk prediction models.1 
To our knowledge, the current study is the first report of the 
impact of a CAC-added model on CAD diagnosis using NRI, and 
we clearly demonstrated sex differences in the CAC-adjusted 
strategy to diagnose CAD.

Moreover, findings from another metric, that is, risk stratifica-
tion capacity, showed that the class after reclassification should 
be carefully interpreted, considering sex difference. In men, 
adding the CAC score to the clinical model had a demonstrable 
benefit in terms of moving an additional 43.3 % of patients to 
the most determinant, highest and lowest risk categories, where 
diagnostic strategies are better established. However, in women, 

the capacity was limited to high-risk patients. Our results demon-
strate that although a low-risk category in the CAC model still 
cannot be used as a marker to diagnose CAD in women because 
more than 70% of CAD women was categorised as having low 
risk in the CAC model, a high-risk category in the CAC model 
is useful, with the movement of an additional 6.5% of women 
to the high category. In patients with CAD, all women and men 
were not classified as having high risk but as having low-risk 
or intermediate-risk by the clinical model. Then, adding CAC 
scores, 21.0% of women and 50.0% of men observed with CAD 
classified as having high risk. The effect of the CAC score for 
risk prediction is the number of patients identified as having 
a higher disease risk and, consequently, becoming eligible to 
receive further evaluation and more intensive therapy because of 
screening. Moreover, a very important part of the prediction is 
that there was a sex difference.

Our study has limitations. First, given the cross-sectional 
design, we were unable to assess the prognostic impact of CAC 
that would be helpful as a tool to predict future events. We clearly 
show sex differences of the impact of CAC to help physicians 
select patients who would benefit from further testing. However, 
more research into sex difference of prognostic impact of CAC 
is needed. Second, symptoms for angina are a traditional clinical 
factor for predicting obstructive CAD, but we cannot sufficiently 
distinguish atypical angina and non-anginal chest pain because 
of limited information. No data were available to assess the 
predictive value of findings based on ECG and other imaging 
tests. Third, our analysis focused on the diagnostic prediction of 
the presence of CAD, defined as at least 50% diameter stenosis 
in at least one vessel, by CCTA. CCTA can be overdiagnose 

Figure 3 Probability of obstructive CAD predicted by CAC model 
against the risk predicted by clinical model: (A) women and (B) 
men. Grey area=both models did not change the risk categories; 
blue area=reclassified higher categories by CAC model; pink 
area=reclassified lower categories by CAC model; hollow circle=CAD; 
and solid circle=non-obstructive CAD. The graph shows the probability 
for CAD in women and men predicted by the clinical model (horizontal 
axis) against the risk predicted by CAC model (vertical axis). Lines at 
predicted probabilities of 30% and 60% are superimposed to show 
reclassification over clinically relevant cut points. CAD, coronary artery 
disease; CAC, coronary artery calcification.

Figure 4 Risk stratification capacity of clinical model and CAC model: 
(A) entire cohort, (B) patients with obstructive CAD and (C) patients 
without obstructive CAD. Risk stratification capacity is each model’s 
capacity to allocate participants from intermediate to the highest and 
lowest risk categories: risk stratification capacity=(the prevalence 
predicted by clinical model) – (that by CAC model) in figure 4A. 
CAC, coronary artery calcification; CAD, coronary artery disease.
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or underdiagnose the obstructive CAD, and this may attenuate 
the results. Predicting severe stenosis would be a helpful tool to 
select patients for revascularisation. However, the main purpose 
of the current analysis was to demonstrate sex differences of 
CAC to help physicians with further decision making. Fourth, 
we limited the age group between 50 years and 74 years in the 
NADESICO study. Women in the reproductive age group will 
be difficult to participate this study, because CCTA was required 
for all participants. Other age group that can be changed predic-
tive values should be evaluated in the future research. More-
over, since only 5.0% of women were oestrogen positive, that is, 
they were premenopausal or had taken oral oestrogen replace-
ment therapy, we could not assess the effect of oestrogen status. 
Another limitation maybe overfitting of the model to our data. 
Although the validation study in the third of our subjects showed 
similar diagnostic performance characteristics, future studies 
including external validation of models are needed to fully 
appreciate the generalisability of the model. Despite these limita-
tions, the study’s results suggest that CAC may be a contributory 
factor to the residual burden of CAD in both men and women. 
Our results will need to be validated in additional populations.

In conclusion, we found that the CAC score in combination 
with traditional risk factors enhances the risk classification of 
CAD in patients with suspected CAD, with sex differences influ-
encing the predictive ability. These results suggest the impor-
tance of adopting the sex-specific assessment of CAD.
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