
Impact of physiological and 
coronary artery disease risk factors 
on myocardial perfusion in stress 
computed tomography myocardial 
perfusion imaging
Weifang Kong1,4, Lan Shang1,4, Bingzhu Long2, Xinyue Chen3, Anna Mou1, Hong Pu1, 
Guojin Zhang1 & Hongyun Huang1

To analyze the correlation between the main perfusion parameters of the left ventricle and various 
physiological and coronary artery disease (CAD) risk factors or comorbidities using dynamic stress 
computed tomography myocardial perfusion imaging (CT-MPI) in patients without obstructive 
coronary stenosis. This retrospective analysis included 119 patients without obstructive coronary 
artery stenosis in computed tomography angiography (CTA), and without perfusion defects in CT-
MPI. Patients were categorized into groups based on the presence or absence of physiological and 
CAD risk factors or comorbidities. The global myocardial blood flow (MBF), myocardial blood volume 
(MBV), and perfused capillary blood volume (PCBV) of the left ventricle were compared between 
groups, and correlations with continuous variables were analyzed. Multivariate linear regression 
was used to identify independent factors. Perfusion parameters were higher (MBF, 149.41 ± 26.38 
vs. 159.20 ± 21.31 ml/100 ml/min, MBV, 17.09 ± 2.37 vs.18.84 ± 1.89, and PCBV, 9.82 ± 2.21 vs. 
11.47 ± 1.79 ml/100 ml [all P < 0.05]) in female patients than in male patients. Hypertension and 
overweight/obesity resulted in lower perfusion parameters (hypertension vs. normotension: MBF, 
148.09 ± 21.15 vs. 161.47 ± 25.13 ml/100 ml/min, PCBV, 10.25 ± 2.23 vs. 11.22 ± 1.96 ml/100 ml; 
overweight/obesity vs. none: MBF, 148.82 ± 20.98 vs. 159.51 ± 25.44 ml/100 ml/min, PCBV, 10.20 ± 1.93 
vs. 11.15 ± 2.22 ml/100 ml [all P < 0.05]). Body surface area (BSA), body mass index, stress heart 
rate (HR), incremental HR, coronary total plaque volume, and stress systolic blood pressure were 
significantly correlated with perfusion parameters (all P < 0.05). Stress HR, BSA, and hypertension were 
independent predictors of MBF, stress HR and sex were independent predictors of MBV, and stress HR 
and BSA were independent predictors of PCBV. Dynamic stress CT-MPI myocardial perfusion is affected 
by stress HR, sex, and BSA, and can identify early perfusion distribution in hypertension and obesity/
overweight.

Keywords  Myocardial blood Flow, Computed tomography myocardial perfusion, Body surface area, Heart 
rate, Hypertension

Computed tomography myocardial perfusion imaging (CT-MPI) is a noninvasive functional method used to 
assess myocardial perfusion under pharmacological stress1. Experts widely agree on the effectiveness of CT-MPI 
in detecting myocardial ischemia in patients with coronary artery disease (CAD) based on clinical trials2–4. The 
precise quantification of myocardial perfusion, such as myocardial blood flow (MBF), using CT-MPI can aid in 
diagnosing myocardial ischemia in patients with obstructive CAD and coronary microvascular dysfunction5–10. 
In clinical practice, the quantitative parameters of CT-MPI in patients without hemodynamically significant 
ischemia widely vary, leading to confusion in the interpretation of perfusion.
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Myocardial perfusion is a complex physiological process influenced by multiple pathways. Previous 
studies have focused on the distribution and influence of physiological factors on perfusion in normal healthy 
individuals11–14. Based on positron emission tomography (PET)-CT and cardiac magnetic resonance (CMR), 
normal perfusion shows significant variation and is related to physiological factors, such as age and sex11,12. 
Studies using CT-MPI have reported the distribution of MBF in healthy individuals13,14. However, in clinical 
practice, patients suspected of myocardial ischemia are always associated with CAD risk factors or comorbidities, 
such as hypertension (HP) or diabetes, and myocardial perfusion may already be compromised by CAD risk 
factors in the microvasculature7–9,15,16. In a real patient population, the effects of physiological factors and 
CAD risk factors on myocardial perfusion in stress CT-MPI remain inadequately understood9. Understanding 
the correlation between perfusion and physiological or CAD risk factors or comorbidities in patients without 
obstructive coronary stenosis using CT-MPI is essential. This knowledge is valuable for interpreting perfusion 
results, optimizing perfusion scanning15,16. In light of this, our study aimed to evaluate the correlation between 
perfusion parameters and physiological and CAD risk factors or comorbidities in patients without obstructive 
coronary stenosis using CT-MPI, ultimately contributing to a better understanding of myocardial perfusion in 
patients without hemodynamically significant ischemia.

Results
study population
Among the 169 patients with coronary artery stenosis < 50%, 50 were excluded, including 6 with stent 
implantation, 5 with a history of infarction, 8 with structural heart disease, 5 with myocardial hypertrophy, 16 
with local decreased MBF value caused by deep bridge vessel, 10 with unqualified CTP image quality, 10 with 
incomplete information on risk factors. A total of 119 patients were included in this study. The Likert scores for 
the image quality of CT-MPI were as follows: 4 for 90 patients, 3 for 24 patients, 2 for 5 patients, and 1 for 10 
patients (who were excluded). The radiation exposure during CT-MPI was 276.51 ± 95.28 mGy*cm, equivalent 
to 7.19 ± 2.45 mSv. All patients tolerated stress CT-MPI well.

In total, 119 patients, 53 (44.54%) males; mean age, 69.58 ± 5.93 years; and average BMI, 25.03 ± 16.99 kg/m2 
); 59 (49 .58%) patients had HP, 32 (26.89%) were diagnosed with diabetes, 25 (21.01%) had hyperlipidemia, and 
29 (24.37%) reported a history of smoking. Only 7 (5.88%) patients had a family history of CAD; this number 
was significantly small to be analyzed.

On CCTA images, 47 (39.49%) patients had minimal stenosis (1–24%) and 34 (28.57%) had mild stenosis; 
the Agatston CACS was 0 (0–69.96), and coronary TPV was 26.41 (0–127.72). On CT-MPI images, the global 
MBF (ml/100 ml/min), MBV (ml/100 ml), and PCBV (ml/100 ml) of the patients were 154.84 ± 24.10 (range, 
101.06–235.55), 18.06 ± 2.28 (range, 12.08–23.16), and 10.74 ± 2.14 (range, 3.95–15.61), respectively. During 
the scanning, the rest and stress HRs (bpm) were 76.84 ± 12.77 and 90.87 ± 30.69, respectively. The rest and 
stress systolic BPs (SBPs, mmHg) were 136.12 ± 15.69 and 124.82 ± 13.49, respectively, and the diastolic BPs 
(DBPs, mmHg) were 84.10 ± 12.33 and 77.46 ± 11.17, respectively. The characteristics of the study population are 
presented in Tables 1 and 2.

Univariate analysis
The patients were categorized into groups based on physiological factors and the presence or absence of CAD 
risk factors or comorbidities. Within the groups analyzed, MBF and PCBV showed similar statistical differences. 

Variables n = 119

Age, years 69.58 ± 5.93

Male, n (%) 53 (44.54%)

BMI, kg/m2 25.03 ± 16.99

BSA, m2 1.67 ± 0.18

Hypertension, n (%) 59 (49.58%)

Diabetes, n (%) 32 (26.89%)

Hyper-lipidaemia, n (%) 25 (21.01%)

Smoking history, n (%) 29 (24.37%)

CAD family history, n (%) 7 (5.88%)

Rest HR, bpm 76.84 ± 12.77

Stress HR, bpm 90.87 ± 30.69

HR Increment, bpm 19.45 ± 9.45

Rest SBP, mmHg 136.12 ± 15.69

Rest DBP, mmHg 84.10 ± 12.33

Stress SBP, mmHg 124.82 ± 13.49

Stress DBP, mmHg 77.46 ± 11.17

SBP drops, mmHg 11.30 ± 6.78

DBP drops, mmHg 6.64 ± 5.05

Table 1.  Basic characteristics of the study population.
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The global MBF (ml/100 ml/min), MBV, and PCBV (ml/100 ml) in females were significantly higher than those 
in males (159.20 ± 21.31 vs. 149.41 ± 26.38 [P = 0.031], 18.84 ± 1.89 vs. 17.09 ± 2.37 [P < 0.001], and 11.47 ± 1.79 vs. 
9.82 ± 2.21 [P < 0.001], respectively). Patients with HP and overweight/obesity had significantly lower MBF and 
PCBV compared with those without (HP and without HP: MBF, 148.09 ± 21.15 vs. 161.47 ± 25.13 ml/100 ml/min 
[P = 0.002]; PCBV, 10.25 ± 2.23 vs. 11.22 ± 1.96 ml/100 ml [P =0.013], respectively; overweight/obesity vs. without 
overweight/obesity: MBF, 148.82 ± 20.98 vs. 159.51 ± 25.44 ml/100 ml/min [P = 0.016], PCBV, 10.20 ± 1.93 vs. 
11.15 ± 2.22  ml/100 ml [P = 0.014], respectively). No significant differences were observed among the other 
groups (all P > 0.05). The results are shown in Table  3; Figs.  1, 2 and 3, and illustrations of typical cases are 
displayed in Fig. 4.

Global MBF was positively and weakly correlated with stress HR (r = 0.352, P < 0.001) and HR increment 
(r = 0.322, P = 0.0036) and weakly correlated with rest HR, BSA, BMI, and TPV (0 < r < 0.3, all P < 0.05). Global 
MBV was weakly correlated with BAS, BMI, stress HR, TPV, rest SBP, and stress SBP (0 < r < 0.3, all P < 0.05). 
Global PCBV was weakly correlated with BSA (–0.372, P < 0.001), stress HR (r = 0.385, P < 0.001), and TPV (r=–
0.351, P < 0.001) and weakly correlated with rest HR and increment HR (0 < r < 0.3, all P < 0.05). No correlations 
were found between perfusion parameters and age, rest HR, LVM, LVMI, and CACS score (all P > 0.05). No 
correlations were found between age, LVM, LVMI, CACS, and BPs (all P > 0.05). The correlation matrix was 

Factors Absent Present P value

Sex Male, n = 53 (44.54%) Female, n = 66 (55.46%)

MBF, ml/100 ml/min 149.41 ± 26.38 159.20 ± 21.31 0.031

MBV, ml/100 ml 17.09 ± 2.37 18.84 ± 1.89 < 0.001

PCBV, ml 9.82 ± 2.21 11.47 ± 1.79 < 0.001

BMI < 24, n = 67 (56.3%) ≥ 24, n = 52 (43.70%)

MBF, ml/100 ml/min 159.51 ± 25.44 148.82 ± 20.98 0.016

MBV, ml/100 ml 18.25 ± 2.22 17.82 ± 2.36 0.315

PCBV, ml/100 ml 11.15 ± 2.22 10.20 ± 1.93 0.014

Hypertension Absent, n = 60 (50.42%) Present, n = 59 (49.58%)

MBF, ml/100 ml/min 161.47 ± 25.13 148.09 ± 21.15 0.002

MBV, ml/100 ml 18.40 ± 2.13 17.72 ± 2.40 0.103

PCBV, ml/100 ml 11.22 ± 1.96 10.25 ± 2.23 0.013

Diabetes Absent, n = 87 (73.11%) Present, n = 32 (26.89%)

MBF, ml/100 ml/min 156.27 ± 25.81 150.95 ± 18.46 0.287

MBV, ml/100 ml 18.07 ± 2.27 18.04 ± 2.36 0.966

PCBV, ml/100 ml 10.83 ± 2.13 10.49 ± 2.22 0.455

Hyperlipidaemia Absent, n = 94 (78.99%) Present, n = 25 (21.01%)

MBF, ml/100 ml/min 154.17 ± 23.94 156.62 ± 26.88 0.659

MBV, ml/100 ml 18.14 ± 2.19 17.75 ± 2.63 0.445

PCBV, ml/100 ml 10.72 ± 2.04 10.56 ± 2.71 0.761

Smoking Absent, n = 90 (75.63%) Present, n = 29 (24.37%)

MBF, ml/100 ml/min 156.00 ± 23.83 150.66 ± 26.83 0.312

MBV, ml/100 ml 18.12 ± 2.21 17.86 ± 2.54 0.594

PCBV, ml/100 ml 10.90 ± 1.20 10.23 ± 2.51 1.46

Table 3.  Comparison of global MBF between different groups.

 

Variables n = 119

Diameter narrowing of coronary lesions by CCTA, n (%)
0: None
1: Minimal stenosis (1–24%)
2: Mild (25–49%)

38 (31.93.9%)
47 (39.49%)
34 (28.57%)

Agatston CACS 0 (0, 69.96)

Coronary TPV, mm3 26.41 (0,127.72)

LVM, g 118.33 ± 25.03

LVMI 70.87 ± 11.22

MBF, ml/100 ml/min 154.84 ± 24.10

MBV, ml/100 ml 18.06 ± 2.28

PCBV, ml/100 ml 10.74 ± 2.14

Table 2.  Characteristics of the study population on CCTA and CTP.
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Fig. 3.  Image A shows that females had significantly higher global PCBV values compared with males 
(P < 0.001). Images B and C show that patients with overweight/obesity and hypertension had significantly 
lower PCBV values than those without (P = 0.014, P = 0.013).

 

Fig. 2.  Image A shows that the global MBV values were significantly higher in females than in males 
(P < 0.001). Images B and C show that the groups difference by overweight/obesity and hypertension were not 
significant (P = 0.315, P = 0.103).

 

Fig. 1.  Image A shows that females had significantly higher global MBF values compared with males 
(P = 0.031). Images B and C show that patients with overweight/obesity and hypertension had significantly 
lower MBF values than those without (P = 0.016, P = 0.002).
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presented in Fig.  5, with significant factors specifically highlighted using colors to indicate the strength and 
direction of the correlations. The r and P values results are listed in Table 4.

multivariate linear regression
In assessing the dependent factors for MBF, the following univariates were initially assessed: BSA, BMI, rest 
and stress HR, sex, HP, incremental HR, and TPV, which were significantly correlated with MBF (all P < 0.05). 
For HR-related factors, we included all variables in a multivariate regression for MBF and found that only 
stress HR was independently correlated (P < 0.05). As stress HR was correlated with sex, adjusting for stress HR 
rendered the relationship between MBF and sex nonsignificant (P = 0.12), whereas stress HR remained highly 
significant (P < 0.001). For body weight-related factors, BSA and BMI were included, with only BMI emerging 
as an independent factor. Given the intercorrelation between BSA and HP, we included them in the analysis 
and found that both remained significant. In the final multivariate linear regression model, HR, BSA, HP, and 
coronary TPV were included. Coronary TPV lost significance, leaving three independent predictors (HP, BSA, 
stress HR) of MBF. The final equation was as follows: MBF = 131.03 − (11.36 × HP) − 23.71 × BSA + 0.62 × stress 
HR. The adjusted R-squared for this model was 24%.

When assessing the dependent factors for MBV, BSA, stress HR, sex, coronary TPV, and stress SBP were 
significantly correlated with MBV (all P < 0.05). These significant factors were incorporated into a single 
model. BSA, coronary TPV, and stress SBP were not significantly correlated, leaving only sex and stress HR 
independently correlated with MBF. The final equation was as follows: MBV = 113.40 + (1.54 × sex) + (0.04 × 
stress HR). The adjusted R-squared for this model was 20.3%.

When assessing the dependent factors for PCBV, sex, HP, BSA, BMI, rest and stress HR, incremental HR, 
coronary TPV, and rest and stress SBP were significantly correlated with PCBV (all P < 0.05). BSA and BMI had 
similar physiological implications; however, BSA was independently correlated with PCBV. Among various HR 
parameters, stress HR emerged as an independent factor. When BSA and HP, which were intercorrelated, were 
included in one model, HP was not statistically significant. Finally, when sex, stress HR, BSA, coronary TPV, and 
stress SBP were combined into a single model, only BSA and stress HR remained significant. The final equation 
was as follows: PCBV = 11.95 – (3.88 × BSA) + (0.05 × stress HR). The adjusted R-squared of this model was 24%.

Discussion
Our study demonstrates the influence of both physiological and cardiovascular risk factors on stress CT-MPI in 
patients without significant hemodynamic myocardial ischemia: (1) Stress HR obviously effects the perfusion 
parameters, was an independent factor of all MBF, MBV, and PCBV. (2) Female patients had significantly higher 
perfusion values than male patients, with higher stress HR, and sex was an independent predictor of only MBV; 
(3) Patients with HP and overweight/obesity had significantly lower MBF and PCBV values; HP and BSA were 
independent predictors of MBF.

Vasodilator stress agents are used during dynamic stress CT-MPI to induce hyperemia. ATP is regularly 
used instead of adenosine because of its lower costs2. It is widely believed that the intravenous injection of 
adenosine or ATP reduces cardiac parasympathetic tension and increases sympathetic nerve tension. This leads 

Fig. 4.  Image A shows a female patient with diabetes and stress HR of 110 bpm, the MBF values were about 
200 ml/100 ml/min; Image B shows a male patient with hypertension and stress HR of 80 bpm, the MBF values 
were about 100 ml/100 ml/min.
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to an increase in HR, peripheral vascular dilataion, a decrease in BP, and, ultimately, an increase in MBF17,18. An 
individual’s response to pharmacological stress can affect the level of congestion, which may be influenced by 
various physiological and pathological factors and can be indicated by an increase in HR18. In our study, stress 
HR was identified as an independent predictor of three perfusion parameters. These results are consistent with 
the responses of the stress agents. A decreased BP also predicts the degree of perfusion19. However, we did not 
observe this effect in our database; The reason may be that we measure the BP in the supine after the scan, which 
may cause the measurement error.

Global MBF, MBV, and PCBV were significantly lower in males than in females, and sex was an independent 
predictor of MBV. This sex disparity may be owing to the elevated HR for stress observed in female patients. 
This result is similar to those of studies on healthy volunteers using CT-MPI12,13. Studies employing CMR16and 
PET imaging20have reported significant differences in MBF between sexes. A SPECT study suggested that male 
patients had a diminished HR response to adenosine21. The underlying causes of these sex differences remain 
uncertain, but can potentially be related to factors, such as estrogen levels affecting coronary artery tone22, 
increased capillary density in the myocardium of females23, or different responses to stress agents between 
the sexes21. Brown et al. suggested that females might require more intensive medical treatments and different 
perfusion thresholds for significant coronary stenosis to improve long-term outcomes than males12.

Based on the above results, to maximize coronary hyperemia and myocardial perfusion, the dose and 
injection time of stress agents should be adjusted by observing the HR or BP during stress CT-MPI. Yu et 
al.24recommended an HR increment of at least 20 bpm in CT-MPI as a predictor of a significant increase in global 
MBF. The use of higher doses or injection rates of stress agents in male patients should also be considered. Some 

Fig. 5.  Correlation matrix for continuous variables with significant correlations (P < 0.05). The strength and 
direction of the correlations are represented by the colors and sizes of the tiles. Positive correlations are shown 
in blue, whereas negative correlations are depicted in red, with darker colors indicating stronger relationships.
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medications and foods also affect perfusion; therefore, these agents need to be discontinued when performing 
stress CT-MPI to avoid influencing perfusion results1–3,25.

The global MBF value was lower than that among healthy volunteers using the same CT scanner, 164 ± 24 
(range, 114–228) ml/100 ml/min13. Our study shows that although there is no clear hemodynamic stenosis in 
the coronary artery, various risk factors lead to a decrease in myocardial perfusion, with HP and BSA being 
particularly significant.

The global MBF, MBV, and PCBV of LV were significantly lower in patients with HP than in those without HP, 
and HP was a dependent factor for the three parameters. This result is similar to that of a study by Vliegenthart et 
al., who reported that patients with HP exhibited lower MBV and Ktrans than those without HP9. In both studies, 
patients had no left ventricular hypertrophy, suggesting that these parameters can potentially detect perfusion 
abnormalities before the onset of left ventricular hypertrophy, possibly because of early autonomic dysfunction26. 
Early assessment of myocardial perfusion in individuals with HP without left ventricular hypertrophy may be 
possible, which is clinically important for mitigating the risk of major adverse cardiovascular events.

Previous studies had shown that an increased BMI was associated with abnormalities in coronary circulatory 
function27. In patients with obesity, the coronary coronary flow reserve decreases linearly with increasing 
BMI28. Our study found that BSA was an independent factor associated with MBF and PCBV, that could more 
accurately show this influence than BMI. This may be because BMI does not accurately reflect body fat content. 
A study found that overweight adults had a similar risk of death to individuals of a “normal” weight. Moreover,
《nature》 calls for the redefinition of obesity instead of BMI29.

Certainly, plaque assessments and CACS do not rely on false prognostic distinction between obstructive 
and nonobstructive lesions. TPV was strongly and independently associated with adverse coronary events30. 
Coronary TPV negatively correlated with MBF, MBV, and PCBV; however, it was not an independent factor. 
These results showed that in patients without obstructive coronary artery stenosis, plaques did not cause 
significant hemodynamic changes sufficient to result in a decrease in perfusion.

In our study, we did not find statistically significant differences in perfusion parameters between the groups 
with respect to diabetes or hyperlipidemia. In addition, no correlation was observed between age groups. 
Previous studies had reported that these factors affect myocardial perfusion during functional imaging9,12,21. The 
sample size of patients with diabetes or hyperlipidemia was likely insufficient to detect significant differences.

This study has some limitations. This was a single-center study, and its conclusions are only applicable to 
scenarios with similar devices and scanning schemes. Second, the different perfusion analysis software used may 
have affected the perfusion results because of the different specific models analyzed. Additionally, the raw data 
were processed using a manual splitter, and there may have been potential interoperation bias. Furthermore, 
no comparative analysis was performed with other noninvasive functional tests, such as stress CMR. Finally, 
myocardial perfusion is a complex physiological process influenced by multiple pathways, and a well-specified 
model may not capture all sources of variability. In such cases, a low adjusted R-squared (20.3–24%) reflects 
the model’s ability to explain part of the variability, especially when dealing with complex cardiovascular 
interactions, underscoring the importance of future studies to explore other potential contributing factors that 
were not included in the current model. Further studies with larger sample sizes and a prospective design are 
required.

This study preliminarily analyzed the influence of physiological and CAD risk factors on perfusion parameters 
in dynamic stress CT-MPI in patients without coronary obstructive stenosis and local perfusion defects. This 
study reveals that myocardial perfusion parameters are affected by stress HR, sex, BSA, and can identify early 
perfusion distribution in patients with hypertension and obesity/overweight.

Methods
study population
This study was approved and the requirement for informed consent was waived by the Ethics Committee 
of Sichuan Provincial People’s Hospital (registration number: 2022 − 357). All CT-MPI and CCTA scanning 
methods were performed in accordance with the relevant expert consensus by the Society of Cardiovascular 
Computed Tomography (SCCT)2. A cohort of adult patients were retrospectively assessed between October 
2020 and March 2024.

The inclusion criteria were as follows: (1) suspected CAD following a combined CT-MPI and coronary 
computed tomography angiography (CCTA) scan and (2) patients without obstructive coronary stenosis, which 
is defined as less than 50% narrowing of their coronary arteries confirmed by CCTA4. The following patients were 
excluded from this study: (1) patients with a history of ischemia, myocardial infarction, and revascularization, 
including interventional therapy or coronary artery bypass surgery; (2) patients with concomitant or structured 
heart disease, such as left ventricual hypertrophy, cardiomyopathy, or heart dysfunction; (3) patients with 
significant localized absolute MBF values < 100  ml/100  ml/min or relative MBF ratios < 0.667, based on the 
conclusions of previous studies31,32; (4) patients with nondiagnostic quality of CT-MPI images; and (5) patients 
with incomplete clinical information. A flowchart of the inclusion process is shown in Fig. 6.

image scan
Preparation: The following medications were discontinued 24–48  h before the examination: beta-blockers, 
nitrates, calcium antagonists, dipyridamole, and aminophylline. Caffeinated beverages and foods, such as 
coffee and cola, were also not consumed within 24 h preceding the examination2,3. Electrocardiogram (ECG) 
monitoring leads were attached to monitor the patients throughout the examination. Blood pressure (BP, mmHg) 
and heart rate (HR, beats per minute [bpm]) were assessed, and detailed process instructions and repeated 
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breathing exercises were performed, in order to reduce motion artifacts during the scan. Two 18-gauge cannulas 
were inserted into the antecubital vein.

Equipment and process:  CT scans were performed using a third-generation dual-source CT system (Somatom 
Force; Siemens Medical Solutions, Forchheim, Germany). The coronary artery calcification score (CACS) was 
calculated using a plain scan of the heart followed by a CT-MPI scan covering the entire left ventricle (LV). Fi-
nally, CCTA was performed.

Computed tomography-myocardial perfusion imaging scanning: Adenosine disodium triphosphate (ATP) 
was intravenously injected at a rate of 0.14 mg/kg/min to induce coronary artery dilatation, followed by 40–
48 ml of iodized contrast medium (Iodomyron, 400 mg/ml, Bolecco, Italy) at a rate of 5–6 ml/s at the end of 
the 3rd minute, and the duration of injection was 8 s, followed by 40 ml of normal saline at the same rate3. 
The scan trigger delay was 4 s, and scanning was performed using the shuttle-mode acquisition technique at 
the end of systole (250 ms after the R-wave) for a total scan time of 32 s. The patients were closely monitored 
for safety during scanning, and ATP injection was immediately discontinued upon completion. CARE Kv and 
CARE DOSE 4D were programmed to automatically modify the tube voltage and current according to the 
designated settings: a reference tube voltage of 80 kV, reference tube current of 300 mAs, rotation time of 0.25 s 
per cycle, collimation of 48 × 1.2 mm, and layer thickness and increment of 3 mm and 2.9 mm, respectively. All 
patients were sublingually administered nitroglycerin 5–10 min after the CT-MPI scan. Subsequently, CCTA 
was performed.

Coronary computed tomography angiography scanning:  A prospective ECG-triggered acquisition method 
was applied, which involved the administration of 40–60 ml of iodized contrast medium (Iodomyron, 400 mg/
ml, Bolecco, Italy) at a flow rate of 4–6 ml/s. This was immediately followed by the injection of 40 ml of normal 
saline. The utilization of trigger scanning technology allowed for the precise setting of the trigger level at the as-
cending aorta, with a defined threshold of 100 Hounsfield units. The scan commenced automatically after a wait-
ing period of 5 s. The reference tube voltage was set to 100 kV, utilizing CARE DOSE 4D technology to enable 
automatic current regulation at 320 mA. The scanning procedure involved a rotation time of 0.25 s per cycle and 
collimation dimensions of 192 mm × 0.6 mm. Data reconstruction was performed using a Bv40 reconstruction 
kernel with a layer thickness of 0.75 mm and in increment of 0.5 mm.

image processing
CT-MPI images were reconstructed using Qr36 and transferred to the myocardial perfusion analysis 
software (Syngo.via, Siemens Healthineers). Data for respiratory movement, noise reduction, and myocardial 
segmentation were manually adjusted. The MBF, myocardial blood volume (MBV), and perfused capillary blood 
volume (PCBV) were quantified using a hybrid deconvolution model. The automatic generation and evaluation 
of perfusion images were conducted using a Likert scoring system to assess quality. Presence of motion artifacts 
was evaluated in the 16 segments of the LV causing perfusion image dislocation, with scores of 0–4 based on the 
following criteria: an artifact-free segment percentage of ≥ 90%, score of 4; ≥ 80%, score of 3; ≥ 70%, score of 2; 
≥ 60%, score of 1; and ≥ 50%, score of 0, with scores of 2–4 considered acceptable. Subsequently, the qualified 
perfusion images were transferred to the Cardiac Function Analysis software (Siemens Healthineers, version 

Fig. 6.  Inclusion flowchart
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2.0.5), which produced a color-coded polar map of the MBF. This map allows for the direct display of MBF values 
for any area that the mouse pointer hovers over. Patients with MBF values < 100 ml/100 ml/min were considered 
myocardial ischemia, and were excluded. The global MBF, MBV, and PCBV of the entire LV were automatically 
calculated using myocardial perfusion analysis software for the included cases.

For CCTA images, the diastolic CCTA images were imported into the coronary analysis workstation (Shukun, 
China). The severity of stenosis in the left anterior descending, left circumflex, and right coronary arteries were 
assessed according to the guidelines provided by the Society of Cardiovascular Computed Tomography4, and 
the CACS as well as the coronary total plaque volume (TPV) were calculated for all coronary arteries. The 
diastolic CCTA images were imported into the cardiac function software (Syngo.via, Siemens Healthineers) to 
automatically calculate the LV mass (LVM, g) and LVM index (LVMI) = (LVM/body surface area [BSA], g/m2).

CT-MPI and CCTA results were evaluated by two cardiac radiologists blinded to the patient data. Conflicts 
were resolved through discussion with an additional senior cardiologist specializing in radiology with > 15 years 
of experience.

information collection
Patient information, including age, sex, height, weight, body mass index (BMI), BSA, and CAD risk factors, 
were obtained from the Picture Archiving and Communication System. BMI and BSA were calculated by 
height and weight, and patients with BMI ≥ 24 kg/m2were considered overweight and obesity33. The diagnosis 
of comorbidities were established by clinicians according to the following criteria: HP, BP ≥ 140/90 mm Hg34; 
diabetes, fasting plasma glucose level ≥ 7 mmol/L or 2  h after loading or random blood glucose level ≥ 11.1 
mmol/L or hemoglobin A1c level ≥ 6.5%35; and hyperlipidemia, with one of the following conditions: triglyceride 
level ≥ 2.3 mmol/L, total cholesterol level ≥ 6.2 mmol/L, low-density lipoprotein cholesterol level ≥ 4.1, or high-
density lipoprotein cholesterol level < 1.0 mmol/L36. Smoking history (past or current smoking) and family 
history of CAD (first-degree relative, parent, sibling, or child, have coronary heart disease at age < 50 years) were 
reported by the patients themselves.

Rest and stress HR and HR increments (calculated as stress HR minus rest HR) were documented according 
to the ECG recordings. Rest and stress BP were collected before and after stress CT-MPI. The CT-MPI dose-
length products were documented. The effective radiation dose (mSv) was calculated as the product of dose 
length multiplied by a conversion factor (k = 0.026, msv.mgy–1.cm–1)37.

statistical analyses
Data analysis was performed using SPSS (version 26.0, IBM) and MedCalc software package (version 15.2.0). 
Categorical variables are presented as frequencies and percentages (%), whereas continuous variables are 
presented as means ± standard deviations or as medians with interquartile ranges. First, we performed a 
univariate analysis to identify variables that had a statistically significant correlation with MBF, MBV, and PCBV. 
For categorical variables, differences between groups were assessed using t-tests or nonparametric tests. For 
continuous numerical variables, pairwise correlations were assessed using Pearson or Spearman tests, depending 
on the distribution (normal or non-normal as determined by the Shapiro–Wilk test), to generate a correlation 
matrix with corresponding P-values. For categorical variables, differences in perfusion parameters (MBF, MBV, 
PCBV) between the groups were evaluated using t-tests or nonparametric tests, as appropriate. Variables that 
showed significant correlations (P < 0.05) in the univariate analyses were selected for further analysis.

To ensure a more systematic approach and to avoid arbitrary inclusion of variables, we grouped significant 
variables based on their physiological or clinical relevance. Subsequently, we tested for correlations between 
variables within each group to identify potential multicollinearity or relationships that could suggest one 
variable might confound the effect of another. In instances where two variables within a group were strongly 
correlated, we first applied multivariate tests to determine which variables exhibited independent significance. 
After refining the variables within each group, we combined them into a final multivariate model to account 
for potential confounding across groups. A two-tailed P value of < 0.05 was considered statistically significant.

Data availability
The datasets generated during and/or analyzed during the current study are not publicly available but are avail-
able from the corresponding author upon reasonable request.
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